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PRKFACK   TO  THE    FIRST    KDITION 


To  »et  fix«J  limiU  to  the  cultjecl  matter  of  phvHiologj-  w  «  vory  (lirtuult 
Id^k.  U"ciusi',  innjiLTly  TOncpiviti.  Iiirpe  porliomn  of  ttu-  entire  gmup  of  medk-ul 
MimI  liiot'^^iciil  "cioiices  belong  to  il*  proviuce,  A  U'xt-Ijook  tUiiigiMxl  primarily 
for  iritiliral  studi-nlrf  cmi,  however,  it'j^anl  tlir  fit'lii  as  Niiriewliat  more;  rr- 
^t^iclod:  for  the  prospective  physician  ba*  abundant  opportunity  to  amplify 
hih  knoirloilgp  of  the  )M>ilily  fuiiction>i  fmm  hi^  other  Ktudio^.  Hence  m  this 
I«wk  I  have  followtil  tlie  nsaal  ciis-lom  and  have  brought  together  only  m\ 
mtirh  of  our  infi>rinati(in  rwpwtiiig  the  liunian  body  as  ejin  he  deserilnMl 
as  pertainiD]^  to  iu  normal  function:^.  The  di»co\-erics  made  in  tlto  real 
of  practical  mcdicuje.  of  experiirH-utal  patlinhijry  and  of  pharniacolnjfy.  which 
in  many  rtspect.*  are  so  full  of  sipiificance  for  the  processes  of  the  litKly,  arc, 
tbrrcfure,  for  the  niomt  fiurt  jiafiM^d  by.  In  like  manner  the  facia  of  coinjuira- 
tire  phy!>iolo)[y  have  \tetia  alluded  to  only  in  extvptional  caxoA,  ninec  an  cx- 
haui<tivc  di»ciU!«ion  of  them  would  have  incrvaoed  the  size  of  the  book  to  « 
nol  incou:^idiTttbk*  extent. 

For  the  same  reason  1  have  Ixwn  unable  to  find  a  place  for  the  dh<»rt 
hi(1ol(i|;iuil  diH'Uttfion  cuiitouniry  in  texl-ttooki^.  I  do  not  regard  tliit^  an  an 
error,  for  a  nccewiarily  brief  and  wnpcrficial  rfisiiuu^  of  ihe  nxnat  important 
lUiilol(»gical  fact*  eould  Ik-  of  no  great  mirvicu,  since  ttw  fitudent  WKiU  a  more 
extensive  knowlodj;e  of  the  finer  atmcture  of  the  body  and  muat  in  any  (."nw 
'  obtain  this  from  the  tcxl-btmks  di-votwl  esiwcially  to  (but  subject.  T  do  nol 
llierefore  at  all  mit^take  the  great  tmporlance  of  hi^iolog^'  for  pliysinhigy; 
on  ihe  contrary,  1  would  recoumtend  tliat  in  the  study  of  a  text-book  of 
thiff  sricncc  a  lext-hook  of  liii«tolc^  (and  one  of  anutomy)  he  always  at  hand 
in  onter  to  combine  tlR-  phr^iiological  facts  with  the  histological  and  ana- 
tomteal  fact«. 

rhynolopcal  rheroifltry  also  has  dcrcloped  tto  far  that  more  and  uiore  it 
can  claim  the  rifjlil  lo  be  n^giinhtl  as  au  imlcjH-ndenl  wicnce.  On  the  other 
hand  it  i^  not  iM)*^ible  to  prcM>nt  the  physiological  fact*  without  reference  to 
thi*  (->temieal  procesM^  of  the  body.  WliiU?  tlien-fon'  I  am  nmipclled  to  tondi 
upon  the  facts  of  pliysiological  chiraistrr,  I  have  limited  the  diticussioQ  to 
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the  most  important  facts  of  all,  leaving  matters  of  detail  and  controverted 
questions  to  the  text-books  of  physiological  chemistry.  In  preparing  these 
sections  of  the  book  I  have  received  very  valuable  advice  from  my  distin- 
guished friend  Ilerr  Professor  Dr.  K.  A.  H.  Momer. 

I  may  say  further  that  the  discussion  of  the  chemical  processes  of  the 
body  is  based  in  the  main  upon  the  text-books  of  Hammarsten  and  Neumeister. 
The  experienced  reader  will  find  also  that  I  have  made  frequent  use  of  the 
physiological  monographs  which  have  appeared  within  recent  years.  Espe- 
cially to  be  mentioned  are  the  "  Aligemeine  Physiologic "  of  Verwom  and 
"  Die  Zelle  und  die  Gewebe "  of  0;  Hertwig,  which  constitute  the  chief 
sources  of  the  chapter  on  the  cell. 

With  regard  to  the  physiology  of  the  sense  organs  I  may  state  that  I 
have  treated  them  in  this  book  chiefly  from  the  point  of  view  of  the  prac- 
ticing physician.  For  this  reason  the  physical  conditions  of  sensation  have 
been  discussed  rather  fully,  while  those  investigations  on  sense  perception 
falling  within  the  borderland  common  to  physiology  and  psychology,  and  of 
themselves  so  extremely  important,  have  been  discussed  only  in  roughest 
outline,  an  exhaustive  discussion  being  quite  beyond  the  scope  of  the  book. 

In  the  citation  of  authorities  I  have  tried  to  hold  a  middle  course  between 
the  very  numerous  references  found  in  many  text-books  and  the  entire  ab- 
sence of  them  found  in  others.  I  must  acknowledge,  however,  that  I  have 
not  in  all  cases  succeeded  in  finding  the  proper  middle  course. 

The  few  references  given  will  direct  the  reader's  attention  to  only  the 
more  recent  monographic  discussions  of  the  appropriate  sections.  Probably 
1  should  have  referred  throughout  to  the  "  Handbuch  der  Physiologic  "  edited 
by  Hermann.    I  must  content  myself,  however,  with  citing  ifhere  once  for  all. 

Among  tlie  many  beautiful  illustrations,  which  I  owe  to  the  liberality 
of  my  publisher,  the  majority  have  been  taken  from  the  original  papers  of 
tlie  authors  cited  in  the  figures.  Figs.  3,  6,  7,  55,  Gl,  80,  83,  86,  87,  88,  121 
have  btt;n  Iwrrowed,  with  the  courtesy  of  the  publishers,  from  "  Physiolo- 
gischen  Graphik"  of  Langendorff. 

KOBEBT    TlOEUSTEDT. 
Stockholu,  May  1,  1897. 
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While  adhering  to  the  Banie  prineiplca  which  I  have  followed  in  previous 
editions  of  this  book,  I  have  in  the  present  edition  tlioroughly  revised  almost 
all  the  chapterm.  In  this  work  of  revision  the  monographic  discussions  con- 
tained in  the  "  Ergebnissen  der  Physiologic  "  have  been  of  very  great  service 
to  mc,  and  I  would  especially  direct  the  reader  who  may  he  interested  in  a 
decijcr  study  of  modem  physiology  to  this  collective  work. 

The  more  recent  literature  bearing  on  the  subjects  contained  in  Chapters 
I  to  XiV  inclusive  could  for  the  most  part  be  brought  up  only  to  the  end  of 
1903.  In  the  revision  of  the  remaining  chapters  I  have  been  able  to  make 
use  of  the  literature  of  the  first  half  of  the  present  year. 

KOBERT    TlOEHSTEDT. 
Heulnufuhs,  October  1,  1904. 
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pn'iiarinji  Qm  alirMgcd  cJilion  at  Professor  TigeratwllV  well- 
"  Lt'hrlinrh  liiT  I'li^rt^iolo^it!  <1(«  MenK^bcDi^ "  it  hm  becu  inv  cmlcavor  lu  liriiig 
thi'  Ixfik  within  the  reaich  of  ihe  socond-vtiar  nu^icfll  student  in  tins  country. 
Briii'viiig  that  lliojse  who  wouM  make  use  nf  thv  more  highly  tecliaicul  ptirts 
tht'  Imok,  as,  for  example,  tho  inntlicmatical  con!iideration<i  flfToof  tn)f  the  dymii 
its  of  tbe  circ-tilalion  and  tlic  uj)lics  of  vii<ioi],  nlreiiily  havc^  arci«&  tn  the 
¥orT  voluatih-  diAOissions  in  thi*  Cicniian,  I  hnve,  with  the  author's  pormi 
])ioD,  oit)ilit!(.l  thcM.-  parttf.  All  oilier  ctni«sioQ)«  and  coiidcn^atiniits  hHvt>  \ux^ 
made  with  the  single  iden  alit«dy  imtnpd.  1  Hhall  not  liert?  i-numcrale  these 
rhangcrt,  bvcani^,  witli  the  exception  of  a  very  few  uiiDor  on«,  which  in  tlw 
InlVTwt  of  clenrnesH  it  has  H>i>niti]  nepo^t^ry  to  make  in  the  pronfH.  nil 
aliridpiiit-nti*  have  reocivod  the  author's  exprofwed  Approval.  Profewor  Tiger- 
stnlt  \vi><  pludti  mc  under  vur}-  great  obliguliouH  for  the  rcadincBs  he  luu 
tfltown  lioth  to  adopt  my  sugj^e^tionA  and  to  make  other»  of  hit>  own  motioD. 

In  the  adual  work  of  traui^lalion  I  have  taliorcfl  thr<ii]^hout  tn  give  the 
author'ii  thoujrlil  a  rienr  and  Hix-iirale  expres^^ion.  While  feeling  my  ohliga- 
tionx  to  tlie  author,  therefore.  I  have  endeavored  (not  alwayr:  with  huoc^i^v) 
to  leave  bs  little  roBistancr  to  the  thought  in  the  form  of  German  idiom  and 
eon^l  riicti«>n  a»  possible. 

Followinf:  in  ,^'neral  the  anthor*!?  nsage,  I  have  cmpIoy«Hl  italicn  for  thi 
purptiEtw:  for  generic  and  iipecifle  nanuw,  for  cmpha^ife,  and  for  indicating 
the  key  word,  phrai*.  or  elanw  of  a  paragraph.  In  this  latter  uae  th«y 
K'rve  the  purjuj-e  of  Hubordinate  headings. 

The  tew  adtlilione  lo  the  text  whieh  I  have  %*cnlured  to  make  and  for 
whirh  I  aMiume  entire  responsibility,  have  Iweti  oclectiHt  from  the  most  recent 
literature  and  will  be  found,  cither  enclosed  in  bracket*  or  in  the  fonu  of 
f<»Ot-no(e»,  l>ear)ng  the  euHiomnn.'  i«ignaturc. 

Aflifr  examining  a  numl>cr  of  the  additional  iDuxIrations  which  I  prf>- 
poijod  l)c  introdueetl  for  the  iM-nefil  of  American  stuflenls.  I'rofctpor  Tiger- 
utedt  pave  me  hi«  entire  authorization  to  make  -iieh  addition*  as  I  might 
deem  iiuitablc.  Thi'  anthori*  froni  who***  worki;  thi*e  illui'traltoiis  wen*  ong- 
inally  taken  ore  indicated  in  the  .tcverat  legends  which  accompany  them  and 
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the  iiiitnediate  ifources  from  n^hich  I  have  obtaiuod  thom  are  mentioned  in 
the  List  of  lUustrutioiw. 

Finally,  I  wish  to  express  my  sincere  thanks  to  Professor  Graham  Liisk 
for  many  euggentions  by  which  I  have  profited  in  ray  editorial  capacity,  and 
to  Professor  Percy  M.  Dawson  of  the  Johns  Hopkins  Medical  School  for 
reading  the  entire  proof. 

J.  li.  M. 
Nkw  York,  1906. 


INTRODUCTION  TO  THE  AMERICAN   EDITION 


"  TiORKSTRDT'e  Phvsiologj' "  has  been  the  rtnniJartl  ttut-book  of  (Jcnnan 
BtudenU  crer  since  its  ftrtt  iiuhliontion  in  ISD*.  Th^  prcparntinn  of  a 
IhirtI  Uerman  edition  alTonk-)}  an  opiHirtunity  »(  trnniilating  tbu  work  intu 
Knglish  Bjf  tilt'  new  proof  wa«  delivorwl  from  the  foreign  pr^ssts.  T>r.  Murlin 
})niN-iit»  till!  result  of  Ihifi  tatik  in  the  folluwing  cureful  and  aecurutv  rupro- 
(luctinn  of  the  original. 

TIk'  ttioliipcal  iulpKluL'tion  i^  an  udiiiirubiL-  diaptur  nt  tliu  Ixrak,  utTnriliu;; 
■it  doiw  u  lirria<l  inHiglit  into  lln?  prm-uj^Mw  of  ihi-  linmhli'r  forms  of  Uvinj;; 
things.  In  new  of  thtf  large  participation  in  this  ilepartment  of  phyi^iology 
Uy  workers  in  our  own  country',  l)iif>  feature  of  the  liook  will  Ixj  expLfiully 
wdIcoiik-*!, 

TigtTfitcilt  early  wrote  a  monograph  on  the  circulation  of  the  blood  which 
to*day  8l«u(U  unriTnled,  and  in  this  important  wclion  of  physiology  tlio 
pn>:wnt  text-lKKilt  i^  of  u>inman(lin)^  aiitliority.  He  later  extatjlitilied  a  retipira- 
Imn  nptwrnlu^  for  experiments  on  the  inetaltoltiiiin  of  men,  and  this  lie  used 
not  only  in  lieiillh  hut  alf'o  for  determinations  of  the  life  proeet^iies  in 
(|i]i(>ft»M  conditions.  Ti^pTfltedt  is  the  only  author  of  a  general  text-honic 
of  physiology  who  Itai-  had  any  experiiiieulul  knowU<<lge  in  thiti  hrnneh  of 
scionw.  ITis  chapter  on  metalmlium  U  the  most  complete  gejieral  account 
girrn  in  any  text-lKxik  in  any  lanjfuagc,  and  it  w  certain  to  have  a  wida 
influence  among  the  many  in  this  eounir}'  who  are  striving  to  obtain  a 
knowledge  of  tbo«e  inner  processes  of  the  body  which  dcteruiin«  diotary 
nijuiri'mentti  in  ht'jilth  as  veil  ii.>«  in  di.'4:ra>ic. 

The  treatment  of  iHe  subject  of  the  central  nenroiu  system,  and  the  gen- 
eralizations regimling  il.-^  functions,  is  a  masterpiece  of  it^  kind.  In  the 
other  parts  of  the  book  a  wide  raJige  of  knowledge  is  presented  with  a 
HOflaincd  exeeltence  of  arrangi.incnt,  and  with  that  eutlmliciiy  of  K'lection 
which  has  made  the  l>ook  so  suceefsful  in  other  lands. 

It  liH.-'  Iieen  said  that  good  phyHiolt>gy  ii^  the  U>t  pn-ventive  of  Itad 
medicine.  TigerutwJt'it  physiology  is  es^ntially  good  physiology,  prewnting 
a  picture  of  the  modern  scientific  etructurc  upon  which  modem   medical 
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practice  is  based.  It  must  be  granted  that  some  of  the  phenomena  of  life 
are  to  be  explained  only  by  theoretical  induction.  But  this  is  the  daily 
experience  of  every  physician  as  regards  his  patient,  for  he  is  called  upon 
to  interpret  disease  caused  by  processes  which  he  cannot  see.  Tigerstedt's 
judicious  selection  of  the  facts  of  physiology,  and  their  interpretation  along 
lines  of  modern  critical  research,  afford  to  the  student  of  medicine  an  oppor- 
tunity for  that  kind  of  intellectual  training  which  best  fits  him  to  interpret 
phenomena  both  of  health  and  of  disease. 

The  book  may  be  earnestly  commended  to  the  medical  student  and  to 
the  practitioner. 

Gbauau  Lusk. 

UmVBRSITY    AND   BeLLEVUE   HohPITAL  MeDICAL  ColLEOE, 

New  York. 
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Thf  aim  «/  MifHlifir  jAttnotogif  in,  to  dcitTininf  Ihr  funfUott*  of  the  animal  bodt/  ami  to 
tleriw  ihtm  Mrirtlij  fnttn  the  rtrthrtttary  fonditioun  uj  aninxtl  iife  (LtlDWitiV 

TiiK  nnitniil  IwkIj*  in  vntn^yo^M  iif  n  larp'  rmiHber  of  difftTent  organs.    The 


fintt  ta«k  lIuTpfnie  is  to  tiud  oiil  vvliHi  f niit'tiott^  «re  [lerfnntie*!  Iiy  eacli  itidi- 
Tiiliial  orpin,  in  k-nm  liow  tlic»L'  fiinctiorif^  mtiy  he  intliii'tin-*!  I»v  dilTrri'iit 
condiliout).  ami  to  duturniinc  as  exae1[y  an  pu^iltle  tliu  intensity  witli  which 
eacli  fiindioti  may  he  pr-rformol  uml^r  t-lilTiTMit  ciir-unistanM's. 

Of  nil  tlifi  vnryin^'  Mnnlili(itis.  wIhv^*-  inlliipuro  on  tUc  fimptionj'  nt  the 
ortTin*  wf  ^liall  liavc  to  investt;ia(u,  then'  i«  uone  so  important  as  the  nclton 
of  the  organn  Ihrmxelvfs  upon  on.'  anoihpr,  and  the  rnnwqlicnt  iUHfiifnld 
intertIf|Ku>(]i'iKi;  among  them.  It  is  only  by  giving  nllfiition  In  this  inlwr- 
sctiufi  of  \\w  orgaiLx  that  we  can  arrive  at  any  n-al  di-t<>rtniiiation  of  \.\w\r 
liUM'tinn!*.  f)r  niiikc  nny  satisfartori*  pmgn-ss  lownnl  iindLTslunriing  how  the 
'  |Bti*t<'nn'  and  capahilities  of  llie  body  as  a  whole  ri'^^uU  from  the  collective 
■ftivity  of  the  imlividunl  organs. 

In  most  of  the  fiinrtioiii*  the  activity  of  the  eleiiientBry  constituents  of  the 
bfMly.  the  cflh  an<1  t'tsitue*.  is  to  Ih*  Tvikoin-^l  ti^  a  fnndiiriKnilul  L'nmlition.  And 
the  farllirr  rnoch-m  physiology  progre;*r*e.s,  line  more  cleurly  does  it  appear 
that  the  I'ell.  or  as  Briicke  appropriately  calU  it,  the  rlrnifnttini  t/rifunistn,^ 
ivprnH'nlin  the  real  unit  of  the  ImkIv,  not  only  in  the  morphological  scnso,  bnt 
in  the  physiological  sense  aji  well.  The  reinarkalde  pro[h'rtie«  of  the  living 
salwlani.''".  «*  exhilnlc*!  in  iiio^t  of  {)w  funtlnnK'iila)  prwesw*.  going  on  in  the 
living  ixMly.  nrr  dc|H.-nilenl  u|»on  much  inon-  fotuplieatcd  condilion.'i  than  the 
naet  soieDtitic  iiivcKtigation^  of  our  lime  have  been  able  to  explain;  but  in 
mmt  physiological  proldems  where  researrh  has  progrP!wc<l  far  enough  ia 
warnuit  ihifirulical  eonchision.-*  to  any  degree  well  fonmled,  it  has  hern  hhowo 
that  the  rnndaniental  conditions  for  the  functions  of  the  organs  and  lisMueSi 
are  pn'ciA'Iy  llmsi^  conditionn  which  determine  Iho  vital  activity  of  the  cells. 
It  need  t^curculy  be  eniphaitized  here  that  in  to  saying  I  havu  meant  to  give 
DO  arlttiit  theory.  Ilinl  is  to  say.  no  mwhanicnl  explanation,  of  the  phenomena 
in  <|unsli"n.  If  we  trace  the  functions  of  the  organs  back  to  the  vital  activity 
of  ihif  wll,  wo  havi?  doiiu  nntlung  more  than  |K>int  out  where  the  solution  of 
the  problem  iit  nllimately  to  be  sought,  without  having  thereby  entered  more 
deei'ly  intu  tlie  problem. 
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2  INTRODUCTION 

I  wish  expressly  to  etate  that  this  conception  does  not  at  all  imply  that  in 
the  living  body  forces  are  to  be  found  of  an  essentially  different  kind  from 
those  which  rule  in  the  inanimate  world.  The  fundamental  poini  of  view 
of  all  modem  natural  science  is  this,  that  every  phenomenon  is  the  necessary 
consequence  of  certain  active  causes,  which  when  they  cooperate  under  the 
same  circumstances  always  produce  the  same  phenomenon.  The  energy  which 
represents  the  active  cause  of  any  natural  process  is  never  destroyed  and  is 
never  created  anew ;  it  may  assume  varioas  forms,  it  may  pass  from  one  form 
to  another,  but  in  its  quantitative  relations  it  is  never  changed. 

This  principle  of  the  conserralion  of  energy,  which  was  first  enonciated 
by  J.  R.  Mayer,  J.  P.  Joule,  L.  A.  Colding,  and  H.  Helmholtz  (1842-184T), 
tn  physiology,  as  in  other  fields,  is  the  foundation  of  all  scientific  thinking. 
We  maintain  that  in  those  processes  which  take  place  in  the  living  body 
and  which  tf^ther  make  up  our  conception  of  life,  the  principle  of  the 
conservation  of  energy"  holds  good :  and  in  so  doing  we  place  physiological 
investigation  on  the  firm  basis  of  exact  natural  science,  even  though  we  are  not 
yet  in  position  to  follow  out  this  view  to- the  phenomena  of  life  in  all  their 
details,  or  to  conjecture  what  is  the  real  cause  of  the  activity  of  living  sub- 
stance. This  conception  of  the  living  world  and  of  its  ruling  forces  is  quite 
different  from  the  ancient  ritalism,  now  finally  abandoned.  That  doctrine 
relied  upon  a  capricious  phantom  of  vital  force,  which,  entirely  unfettered 
by  natural  law.  at  times  was  responsible  for  the  most  unheard  of  results,  and 
at  others  vanished  completely  from  the  field. 

All  animals  throughout  the  whole  vast  series,  from  the  lowest  to  the  highest, 
are  the  proper  subject  of  physiological  research.  \VhiIe  it  is  true  that  the 
close  relation  of  physiology  with  medicine  has  given  man  and  the  animals 
which  stand  next  to  him  in  the  scale  an  exceptionally  predominant  place  in 
research  as  well  as  in  education,  physiology  does  not  seek  to  know  the  func- 
tions of  the  body  and  the  fundamental  conditions  of  existence  in  the  human 
species  alone.  Philosophically  all  animals  possess  an  equal  interest  for  physi- 
ology*: and  in  studying  the  fundamental  conditions  of  life  (cell  activity  and 
its  dependence  upon  different  variables)  we  are  compelled  to  widen  the  prov- 
ince of  our  research  still  more  and  to  draw  upon  the  other  large  groups  of 
living  beings,  the  unicellular  organisms  and  plants,  for  data  looking  to  the 
explanation  and  completion  of  the  results  obtained  from  higher  animals. 

iloreover.  it  is  incumbent  upon  physiology  to  study  the  development  of 
vital  phenomena  both  in  the  individual  and  in  the  animal  kingdom  as  a  whole. 
Thus  it  is  placed  side  by  side  with  comparitire  anatomy  whose  province  it  is 
to  investigate  the  development  of  all  organic  form*  from  the  lowest  to  the 
highest.  We  are  not  to  forget,  however,  that  physiology  is  an  exact  natural 
science.  It  is  not  sufficient  to  demonstrate  how  a  definite  function  appears 
first  in  its  simplest  form  and  then  becomes  more  and  more  manifold  and 
complicated:  physiology  must  give  al*o  a  mechanical  evplanation.  Investi- 
gation of  the  elementary  mechanism  of  the  phenomenon  is  theref'^re  the  chief 
and  all-important  thing  in  physiolc^".  and  if  we  were  to  name  the  ultimate 
goal  of  the  science,  we  should  ^ay  it  is  to  furnish  a  mechanical  explanation 
of  the  origin  of  living  beings  and  of  their  progres.-'ivf  J^reliipm^nf  to  higher 
and  higher  forms.     Within  the  province  of  physiology-  would  thus  fall  the 
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iiiei-lianical  explanation  of  morphological  results,  and  acH-ordinjr  to  this  con- 
(vplion  physiology  would  constitute  the  very  summit  of  all  biological  investi- 
patiou.  It  is  scarcely  necessary  to  remark  that  in  the  present  state  of  our 
knowledge  we  cannot  yet  forecast  how  this  far-distant  goal  shall  be  reached. 

REFERENCR8. — HflmhoUt,  "  Uber  die  Wechselwirkung  der  Naturkrafte  und 
die  darauf  bcziiglichen  neuesten  Ermittlungen  der  Phj-sik  "  (1S54).  "'Ober  die 
Erhaltung  der  Kraft  "  (1862) — in  "  Vortrage  und  Reden  "  by  Hermann  v.  Helm- 
holft.    1.  Braunschweig,  1884. 
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(iENKlUf.    I'ltYiSIOUHlK  .U.    .MKTllOD 


§  I.    PHYSICAL,  CHEMICAL,  AlTD   HISTOLOGICAL   METHODS 

PllVSlOLOdY  riiaketi  u^u  \>i  all  tlie  modern  a'nh  to  rtes-earcli  in  natural 
srienrt'.  Wr  have  nnt  infrorpionllv  tn  employ  tin*  fint^t  inj;trTimcnts  of  pro- 
cision  iitid  IIm*  lii>;Iii'st  inatheiiiatinil  aiifil_\>is.  The  plivt^inlof^y  of  the  iwo 
highest  »eii-L'  orsans,  the  e^c  and  llic  ear,  has  proj;reN*wl  ^o  far  that  every 
fact  which  relales  not  to  our  own  pcrct^ptions  and  iiiterpretationfi.  but  to  the 
purely  physiml  c'oiidilinnf«  of  tlicir  oripn,  cnu  he  Ireiik'd  with  h  di*iprimination 
and  fxaotness  of  exppnincnlation  wliij-li  plat*  this  prution  of  phyt*i(>loey  on  a 
plane  wilh  Ihc  iiiosr  cxhi'I  of  nil  nariiral  N-ii^nces.  iinitu'ly,  piinxuv.  Tim  j^ainc? 
holdn,  for  the  tiio^t  part  also,  in  the  yeneral  phy^iiolopy  of  croii^-ptriated  muscle 
and  nerve,  liore  elwtricral  science  and  several  other  branches  of  physics  have 
foHJid  wido  upplication. 

The  study  of  the  cimilntion  of  the  hlood  prwent*  an  ftxtraordinarily 
rompiicated  pmhlem  in  hydraulics;  the  lifudy  nf  efiuilihriitin  and  locyirnntinn 
of  the  body  is  to  be  treated  from  a  purely  mechanical  point  of  view;  in  tlio 
discussion  nf  (he  respiratory  cxrhanjre  of  pasrs  in  the  lungi*  and  in  the  tiKfinet* 
pliynii>lo|;y  lunis  tii  Ht'cinint  Iwilh  llifinretieally  and  exfherinienlally  the  pliy,-<ical 
theory  of  ^ajies;  and  the  doctrine  of  heat  ri'sidalion  h  based  naturally  on 
the  physicflJ  theory  of  heat.  In  short,  almoiit  every  divi.'tion  nf  phyjiies  bos 
some  direct  hearing;  upon  our  study  of  the  functions  of  the  Imidy. 

In  till"  ^niiie  way  chrmitirij  is  of  fnr-renching  iinportHiiic  in  phy^iiological 
rewean^h.  The  tlierniral  naturi-  of  the  :'iil)staiHes  e<iTilaiiie<l  in  or  formed  in 
th«  animal  body  is  one  of  the  firiit  things  to  he  eo'iisidered.  Besides  thi.«, 
chemical  physiolo^  has  to  inve<>tigate  also  the  ehanjris  which  the  ingested 
6ubslane<!K  underf;o  in  the  vital  proecsses  of  the  Iwidy. 

Microsfopieal  invcstigaliou  furnisbe»  U"  valuable  data  with  r^ard  to  the 
activity  of  the  cells,  and  hisioluijical  methods  have  therefore  very  wide  appli- 
cation in  physiology. 

The  physiolojty  of  the  senw  orfjans  and  of  the  central  nervous  system 
standi^  in  very  clof^'  rehilion  with  putfchntnffy  and  tlii'  ffimnj  nf  knmi'lrdge, 
or  to  put  it  more  f^tmngiy,  a  ihoroughgotnjr  study  of  thif  hraiK-h  of  physiology 
is  impossible  withont  a  knowledge  of  these  ncic-nees. 

Hnally,  phyniolnfry  inu-it  lake  into  ticeoutit  nlsn  i\w  discnveriu^  nf  patJtohgtf 
and  of  pharmarodtiimmicx.  For  linwmiT  tlut  fii]icli<ms  nf  (lie  body  are  itiflu- 
encw!  by  the  different  abnormal  changes,  or  by  iwi-tons.  tliey  are  not  altered 
in  nature;  and  the  study  of  these  changes  muift  evidently  throw  light  nn  the 
nortnal  prficesses. 
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As  fi»r  fhi'-  rest,  (ilivsiolojfy  mtwt  crwiK*  its  own  nii^thods  accord ing  to  tlie 
nature  of  ilii>  |jml)ltmw  t«  hi-  rtDlve*!:  ami  in  tlie  fnlkiwiiig  pmseiitHtinn  of  the 
fuDclioiiii  of  the  ImhIv  wc  shntl  diMnii^s  m  far  as  may  Im  necessary  for  our 
pri'HL'iit  pur|nis4>--i  tltf  iiit^tlitMlx  in  u>^'.  Tlu're  are  howrver  somt*  fienera!  nicllioili* 
of  physiological  ttt-hniijue  which  it  will  be  appropriate  to  ili^ii^s  in  thin  place. 


§2.    EXPERIMENTS  ON  LIVING  ANIMALS 

t  is  trxte  Ibat  ono  enn  obtain  important  iiiformalion  cunrorninff  the 
functionii  of  ihe  organi*  and  of  the  cnlirc  body  without  ani/  ojirmtive  inter- 
frrenr* — inf1«>d,  all  of  our  cHrwl  olwoi^-ations  on  man  have  hocn  made  undiT 
iroch  oirrnmstancw.  Rut  it  is  nftnn  nwcK-iiiry  to  iriakt!  the  or^tiiij'  neeei'sible 
In  iinniiHlratL'  rtb-crration.  We  are  IhiTi-fcirc  <ifl<?n  coin|H>lUHl  to  jjorfonn  on 
living  animal'i  rnanv  kinds  of  operntionit,  some  of  which  put  the  skill  and 
inrenliTo  p^niun  of  the  operator  In  ii  severe  tej^t.  In  these  operatinns  the 
animals  are  an  a  rule  amrstHfiised  with  ether,  chloroform,  chloral,  moniliinc 

some  other  nnrrotic.  Only  if  (lie  purpose  of  the  e\periment  makes  it  necea- 
ry  is  tlie  ojxTiitiun  (»erfornieiI  nn  nu-aiiii'>llielized  aniiiiuN.  Kor  many  physi- 
olo^cal  purposes  the  animal  must  l»e  olk»ervnl  for  n  lon^'  lime  after  the  end  of 
thf  operation,  and  in  sueh  caws  it  is  necessary  to  use  the  iintisejitic  and  a/ifpttc 
mrthotU  of  surpery  with  every  powiMe  care.  Furthermore,  it  ii»  many  timei* 
if  adnintHgc  in  th<'  exjKTinn'nt  |o  siip|in'^-  llie  vnliiniary  tiiuvements  of  the 
•nimal.  ami  this  is  done  hy  administerin);  the  Anterieaa  urnnv  |)oit((>n.  curare. 
Since  this  drug  paralyxe^  the  respiratory  muscles  along  with  others  it  ia 
iiects-snnr  to  resort  to  ariifiruil  r^Apiration.  which  is  iiKuallv  accomplished  hy 
rhuhiiiirally  forcing  itilo  (lie  iu^^^^  wiili  a  heliows  a  *junntity  of  air  uuitahle 
tn  thr'  siie  of  the  animal.  The  air  is  introduced  through  the  trachea  hy 
weam  uf  a  ejiniiula  oonneirUsI  widi  the  bellows,  hi  all  o|H^raliniis  where 
the  plenral  eavitica  niiist  be  o[>ened  artificial  respiration  u  indispensable 
(Ve^aliu^,  fihfiiit  l.M(l). 

After  the  animal  ha^  been  prepared  in  lhii<  way,  (he  particular  e:iperimcnt 
fnUova.  It  vould  Ik;  iinpo*«itile  to  ilest-rihc  here  evi'n  in  cniidcni^Hl  form  ihe 
dilferent  prineiplf**  nf  e\|>erimentalion  which  inucl  he  nliserved  if  perfeclly 
iiliec)iii vocul  roults  are  lo  lie  obtained.  The  ffdlowtug  may  bu  gi%x'n  as  an 
illustration: 

Tlwre  are  in  j^neral  only  two  ways  of  discovering  the  inlluetice  of  the 
central  nerroiu  ejretem  on  a  given  organ  or  funclion:  either  the  nerve  supply- 
ing that  organ  may  Im?  eul  and  the  elTert?  on  the  hohavior  of  the  organ  noted, 
nr  the  nerve  mny  Ik>  stimulated  uriifieially  and  the  n?^iilting  action  of  the 
organ  t»e  di-t«'riiiiiii-d.  In  mowt  cases  the  latter  method  gives  Ihe  clearer  results. 
for  mere  fCi-lion  of  the  nerve  cannot  give  u?  any  definite  conclusion-',  unless 
the  ncrii-e  at  the  moment  it  was  cut  was  actually  transmitting  impulses  from 
the  central  ■'yttcm.  which  of  course  is  by  no  nieansi  always  Ihe  ease. 

It  is  ofit-n  of  gn?at  profit,  in  determining  the  physiological  importance 
of  an  organ,  to  trtirpate  it.  and  (o  maintain  the  animal  alive.  The  resulting 
absence  of  certain  pliennrrieria  fri'quently  jjennits  of  very  valuable  conelnsions, 
E^jiecially  in  this  tme  in  the  cn-<e  of  organs  like  the  thyroid  gland  and  the 
adrenal  l»«lies,  which  to  direct  nh^crvation  di.'icla>«  uo  aigu  of  their  fuoe- 
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rHYSlOLOtiY    iiiakt's   \i!^v  of   all    the  iiioderti    n'uh  to   rtvfairli    in    rmlural 
srii-nre,     W*-  have  iio(  infrcqwonlly  to  employ  the  finpst  inslriiini'nls  of  prfl- 
fininTi   Htiil   ilu'  liigln'.-t    inathoniiilicml   armIwi^.     Thb*  physiology  <if   the  two 
liiglic'frt  senso  organi*.  the  eye  aud  tlic  ear.  lias  [H'ogre^ifed  »o  far  that  every 
fact  which  relntts  not  to  our  nvm  perteptions  uikS  interpn'tjitinns,  hut  to  tl 
piiH'ly  physical  cotulitioiiii  of  their  origin,  can  he  Irealfil  with  a  diccriniiiiatiou 
and  I'xnctne-ss  of  experimcntntinn  which  ptacfi  thi/*  portion  of  physiologi-  on  a 
pknc  wilh  the  most  exjii-l.  nf  nil  nitlural  siit'iiifs.  namely,  pliifxici.    'rho.samojgj 
hohU.  fur  the  most  part  also,  m  the  general  phyi*in|ogy  of  cro«*-i*triafed  miii*cle^ 
and  nerve.    Here  electrical  science  and  several  other  hraiiches  of  phyAieti  have 
found  wid(?  application,  ^M 

The  titiidy  of  the  cirenlatinn  of  the  blood  presents  an  extraordinarily^ 
complicnierl  prnlilem  in  hydraulics;  the  study  of  »|iii]il)riiim  and  tocomotinn 
of  liie  l>o<iy  is  to  lie  treated  imm  a  purely  mechanical  point  of  view;  in  the 
discnssinn  of  the  respirntory  esfhangp  of  gasc?*  in  the  liingfj  and  in  the  tinsues 
physiology  liirnH  tn  atronnt  lintli  thenretically  and  experimenlally  Che  physical 
llieory  of  gaM?s;  and  the  doctrine  of  hwit  reguialioji  'a^  t>a-^;d  naturally  ou 
the  physical  theory  of  heat.  In  flhorl,  almost  every  diviciion  of  physics  has 
soDJe  direct  bearing  upon  our  study  of  the  functions  of  the  hmly. 

In  the  same  way  rArnJiV/n/  is  of  far-rfaehing  importaruo  in  physiological 
rcfM'arrh.    The  ehemJcal  nature  of  llie  siiiistjinctw  contained  in  or  formed  ii 
the  animal  Ixnly  in  one  of  the  limt  things  to  Ije  considered.     Bfnides!  this,'' 
chemical  physiology*  haii  to  investigate  also  the  changes  which  the  ingested 
6ul>stan(H's  nnrlergo  in  the  vital  prmT>*ea  of  the  hndy.  ^M 

%Iicroi«eijpical  investigation  fumiehett  u»  valualjle  data  with  regard  to  th^l 
activity  of  (he  cells,  and  histological  methods  have  therefore  very  wide  appli- 
cation in  physioSogy. 

The  physiology  of  the  F.ense  organs  and  of  Ihfi  central   nervoun  iiysit 
stands  in  vitv  ehw  relation   with   ftyi/rtmlDiji/  and  the  flrrart/  of  Irnuwtrtl 
Or  to  put  it  more  slrnngly.  a  tlionJUghgoing  study  of  tliis  bi-aiieli  of  physioloj 
i»  impossihle  without  a  knowledgo  of  these  seienees. 

Finally,  physi^>log^■  niu«(  take  into  account  aluo  ihe  dismveries  of  palhaingi) 
and  of  phartnacQihinnmuK.     Kor  however  the  functions  of  the  laidy  arc?  iniln- 
enced  hy  the  difTerent  ahnormal  changes,  or  hy  poi*onjt,  they  are  not  altere 
in  nature;  and  the  study  of  these  changes  mujtt  evidently  throw  light  on  tl 
normal  processes. 
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tions.  Extirpation  and  transsection  represent  important  methods  of  research 
in  studying  the  functions  of  the  central  nervous  system.  It  cannot  be  denied 
however  that  the  results  of  excision  methods  are  unfortunately  too  often 
very  difficult  of  explanation,  and  that  their  interpretation  is  not  infrequently 
made  still  more  difficult  by  unintentional  lesions. 

§3.    EXPERIMEFFS  Olf   SURVIVING  ORGANS 

In  the  cold-blooded  animals  many  organs  remain  alii^e  for  a  long  time 
after  the  death  of  the  organism,  even  when  they  have  been  cut  out  of  the  body. 
By  virtue  of  this  property  it  has  been  possible  to  collect  a  great  mass  of  most 
important  facts.  Our  knowledge  of  the  general  properties  of  nerve  and  muscle 
rests  for  the  most  part  on  experiments  with  exsected  organs.    Organs  removed 


Fta.  1. — Illustrating  the  use  of  the  i^raphic  method  in  recording  Uie  simple  contraction  of  a 
frog's  muscle.      For  dcBcriptlon,  see  text. 

from  the  body  remain  still  longer  alive  if,  as  was  first  done  by  Ludwig  and  his 
school,  tbey  be  artificially  nourished  with  blood.  Under  such  conditions  it  is 
possible  also  to  maintain  organs  of  warm-blooded  animals  alive  for  a  consid- 
erable time  after  death  of  the  body  as  a  whole.  Organs  removed  from  the 
body  which  remain  capable  of  activity  are  called  surviving  organs. 


§  4.    THE   GRAPHIC   METHOD 

Functions  of  organs  are  not  infrc(|uently  expressed  by  outward  move- 
ments of  some  kind,  which  as  a  rule  are  so  rapid  that  their  details  cannot  be 
followed  by  the  naked  eye.  They  can  be  studied  very  exactly,  however,  if 
one  can  bit  upon  a  method  liy  which  the  moi'cmcnls  record  thctnse.lvrs  upon  a 
moving  surface  (graphic  method.  Ludwig,  1847). 

Since  this  method  finds  very  wide  application  in  most  branches  of  physiol- 
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ngy,  it  U  necewiry  to  describe  it  here  MtmeH-hat  fully.  Tim  flitparatufl  em- 
jildvwj  tor  rwMrtling  iiioTcinentj^  hy  tlie  graphic  metho<l  cousists  cssontially 
of  two  part*:  {a)  lite  fturriui-  iii»m 
vhich  the  movomenl  is  tnirc*!,  and 
(fi)  the  iDcehAnifim  hy  which  the 
movemenl  is  trniiHrerrnl  lo  the  re- 
cording surface. 


A.  THE  KYMOGRAPH 
fA  very  "implp   illiixlrMiinn   of  thy 

frntfibic  □ictbod  is  givvn  iu  Fik-  1.  where 

th*"  fiiniOp  tiintrnptiuri  of  h  fn^u's  miifl- 
|de  M  being  rrcowfcd  on  a  moving  siip- 

f act— an  fljiplioiiliori  nf  the  method  firflt 

made  by  lU-lnihultz  in  1852.     In  such 

an  n[i[MiratU)) '  the  t^urfaee  eoni«ists  of  a 
iglNzrd    pajMr  ettverwJ    cvpiily  with    tliii 

Honi  fnim  a  )£a«t-flaInf^  and  ntinched  lo 

ihr  siirfaee  of  the  dmm  (D)  of  an   in- 

•1ntni<-iil    (^'hI1(><I    tiw   kumoijraph.      The 

drum  i»  raoecd  to  rpvolrc  in  the  din-c- 

lion  of  ihe  arrow  by  a  eUFc-kwork  (C\V) 

inrloHcd  In  the  baRC  of  the  k>-ninfrrni)h. 

The  clnelcwfirk  is  propellod  by  n  ittronx 

fpriliK  which  i»  wuuiid  by  meanit  of  the 

lever   nl    the   left.      By    means   i>f   llic 

ihiimh'M'rpwfi    (AS)    and    funs    (F)    of 

diffcrrnt  nizos.  the  gearinft  of  the  elock- 

work  may  Ike  mi  adju-Ied  b»  lo  revolve 

Ibe  ilnim  at  any  desirvd  speed. 

The    Ttcording    levfr    <KL)    leriui- 

uatet  ju  a  fine  pnint  whieh  lienni  on  the 

amoked  ntirface,  and.  an  the  drum  re- 

ToItml.  Mraich«9  a  traciiii?  in  l.hi>  ^ooL 

The*  mnwle,  the  KA^'rortH'iniuf  uf  n  froif, 

i»  •<>  pn-parvd  that  its  ti-ndoii  of  Aeliilles 

t>  free  to  be  nKHehfd   to  thn  hook  tn\ 

iIm-  Ifver.    T>ie  other  end  of  the  mu:*elc  i* 

«lill  nttncUid  to  the  femur,  a  olunip  of 

whieh  IK  left  lo  be  fastened  in  the  clump. 

In  order  to  imitate  as  iienrly  as  p^^- 

Athle   ihr  action   of  ihe  munrle  in    its 

tMirninl    n-tnlitinH,    it    in    ticceiuiarj'    that. 

it    be   made   lo  lift  nome   weiKht   (W) 

—  i.e„  lo  do  a  oerlain  nnmnnt  of  w<irk.     This  weiKbl,  however,  hni  considerable 

inertia  eompaiwl  with  ihi'  levi-r  itself,  and  in  (tnlcr  that  tbi*  iituy  influence  tlie 

rhamrterof  the  eont ruction  a»  little  «»  poMihle,  ihe  wight  ie  fasleiicil  to  the  Inrcr 

auito  dowr  to  it*  axi*.  the  muecle  itwlf  beinR  fastened  somewhat  farther  from  the 
Ebetrical  oonaeetioiu  are  made  so  as  to  send  «  sboek  through  the  muaele. 


Flo.  2. — Musrlr  cur>-™  rrcTOftlml  <»p  above 
Ukeolticr  (ID  tbi.'i>«ine  ilntni;  to  be  rrad 
fnunriKhl  InWt.  'Vhf  vrrtickl  tin*  tnarita 
the  tnonw  nt  of  sUmuUtion. 


'  For  the  oake  of  simplicity  (bo  nwording  surfucu  in  tbo  figure  ia  shown  white,  and  the 
meltig  black. 
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WIh-ii  ihc  muKcle  is  thus  cuUKcd  to  contract, 
lifts  tlic  lever  «ih]  ii  "  niuwlc  i-iirvi-,"  iir  iii.V'dKruin, 
the  |tr(i[itirtioii»  oi  wliicli  art-  clttennined  ly  the 
6Xt<nit  of  the  cniitmcticu  and  the  speed  of  the 
tlruDi.  i»  reewnlwi. — £i).J  ^^ 

When  it  is  flcsiretl  tn  cntnpari>  with  one  ttl^M 
other  several  siicccssivc-  contrnctioiis  of  the  SAtne 
or  of  (liiTereiil  inu»(.-lv!!i,  Ihu  turve«  ma>'  b*?  recnnlcd 
Olio  uhuvi.'  LiiinihL-r  b.v  Kiiiipl.v  K'WviiiiK  tUt!  itniru  uti 
itH  i^upportiiiK  uxih  1o  itiffereiit  h'V<'l».  Sut-h  a 
scTK'R  iri  shown  ill  Fig.  2. 

Tmfiiijrs  made  in  lUi;*  wji.v  art'  pn'jiprved  fnr 
fuluri'  study  by  immersiiiK  the  smoked  paper  fur 
a  nuimc'iil.  afler  it  has  Lltii  eiil  limcc'  from  {\v 
drum,  ill  a  solution  of  shtlhrc  in  wixkI  alpi.lii.l. 
The  idcohol  ovaporatefl  qniekl.v.  leariiig  a  pcrmu- 
u«ml.v  Lard  vitniieli  ovtr  tht-  »oi>U 

Thi'  ;jrapliip  nu-lhml  iw  adaptwl  for  reoonling 
a  grvat  many  oilier  jiIivsiDlofiifal  plit'iimnena, 
Thi^  first  use  nifldf  of  it  on  an  I'xtrtiriivc  scnh' 
was  linit  iif  n^ninlinjz  the  blood  pressure  ami  its 
variations  (Ludwig,  1847). 

The  hbxMi  jin-Baiire  in  an  artery  may  bt.'  dcter- 
niiiird  by  t.viujr  n  eniunila  into  the  eciitriil  cut-nid 
of  an  nrterj-  and  cnnnefting  il  willi  a  U-shapcd 
IuIh'  cuiitaiuinu  mercury  lTriercur.v  maniMiieter, 
Fiff.  .'J).  When  tlin  i-i»iimi*li'-'tis  ore  properly 
niaili_'  and  the  artery  is  uiirlajnjH'd.  the  bUmd  prt«- 
Hure  i.-^  bnniifht  tu  h»'ur  on  the  niprtMir>-  column  in  tho  limb  ia)  of  the  lube,  and  the 
column  in  tlic  other  liinh  {_b)  ti*  for<H>(:l  upward.    Tliis  differciicD,  howL-Tcr,  is  never 


Flo.  3. — Thp  ni«Tiir>-  mannmis 
t«r,  pn>vi<lr(l  vH\i  a  nrilitiK 
poiul  for  r<-ourilitig  tlir  \v\ti 
of  iliT  iiiipreury  in  the  limb 
(l>>  of  ilu-  lulw. 


FlQ.  4,^BIixk1  prttHijrp  rurve  lakm  from    a   tsbhil.      .4.  Ihp  tine  of  nn  pnesurp;    T,  tlic  time 
rcconfwl  in  Kvonch;   />,  the  pressure  tnutlns.     To  be  rrad  fnitn  riglit  to  leri. 
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mialaiilbDt  ntumn  inrr^saiit  variatu>n.s  curr<spondinK  t'>  theln'ort  bt'&lK,  re7i|Hra- 
tofy  oiovc-iiieiil*..  etc,  ThfSL-  variuttouH  prodrnt-  ow:illalii'iis  in  ihi'  incix'tir.v  ctil- 
unto,  wliicli  arc  nvonlcil  lij-  iilm-iiiK  mi  llu-  fnt-  surfiivc  <»f  iIk-  iin-rcury  a  flout  (a) 
In  whiob  i-H  ntiHc-h(Hi  a  li^bt  nni  vanyitm  at  lU  u]i|'t.'r  vnt\  a  A^-ritine  |ii>iiit.  Tliu 
writiug  point  m  iit)ju»lcd  m  ta  to  xcrali-h  a  irnt.'-iiiic  uii  u  liglilly  (unukiMj,  revolving 


Flo.  S. — A  roembmnc  nuuiaaielcr,  afttr  I'orlCT. 

IniDi.    Fi(i.  4  n.'iirt'^t'iiis  n  inn'iiiB  ( TO  '*f  'Ik*  Mood  pros«urc  in  ii  raMiil  nxwrded 
iu  itii*  way.     (For  fiirilii-r  rxplaiiiitinti  <ir  ihin  cxiwriiiiciit,  *v\'  ChiipK-r  V.) 

Owititf  to  thr  iii(>rliii  of  ihi>  morfim*  ((diimii,  llic  nrtiial  variational  of  \JTffi- 
aiirp  nrp  not  (•lactly  reprnd«('«d  by  llii*  iiiftliod.  They  may  bo  mnrp  fnillifully 
portrayrtl  if  the  blood  pmtflure  can  be  brought  to  bear  on  an  elastic  mombratie 


seJi' 


F' 


V 


(■'ic  A — A  kyniiiKrnph  nttb  " miiit-^  "  |>uprr,  nTlrr  Ludwig  Aiiil  ilultiar. 

<TT  ^pritijt  (fU»ti(.'  muiioinficr).  [Fis.  .'i  •ihown  such  n  manomHer.  A  •mall 
chamber  nb<ml  7  uuii.  in  diuitu-tcr  \*  pnpvidvd  with  two  niopcocks.  one-  of  u-hicit 
id  ri»nn<H'tcd  with  the  urtory  ihp  prpssurp  in  which  \^  lo  be  niL-OMunnI,  wliilt-  ih(? 
oUur  upcufi  to  the  atinospbcric  air.    This  chamber  is  closed  above  by  an  claatie 
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mvnibrene  (not  «hoK'ii)  upon  wbick  is  foHleited  by  uivsns  of  i.>cu]«ut  ii  suihII  di^k 
supiKirlintir  a  nnl  wliioh  currit^  a  uiatrnifyiiiir  kver.  Tbe  Iicieht  uf  tbo  writiue 
point,  wliich  is  faatpn«i  to  the  lever,  may  U;  vamd  by  lueBiia  of  tliu  Uiauili- 
Bcrvvf  At  the  t(i|i,  Krrors  due  to  inertia  of  the  blcMid-cnlumn  its*lf  may  be  slill 
furtbvr  dimiiiiiihed  by  doiiiping  ''■''  movomL-nts  with  the  stopooc-k  bulwt-fii  Ilit; 
riiambiT  nni\  the  ortcr}*.  A  tliuuibacruw  ut  the  riKhl  L-uablcs  oui;  to  jiruduutu 
Ihia  rf!iint«l]c*'  «!•  lyijuircd. — Ed.] 

In  CUM-'  it  i&  desired  to  continue  the  record  of  the  blood  pressure  or  of 
other  physiological  mrivemenis  iitiinlerruptedly  fur  a  li^ug  time,  u  Icvmoiiniph] 
carrj-inR  two  dninifl,  |)lncp<)  at  ftamt^  distunee  from  each  other  and  so  arran^ml] 
that  tlip  Htnukcd  pniwr  extends  around  both,  miiy  be  einiiloyed.  ami  fi  lonfrerJ 
ri^cordiuB  surl'nee  it  thus  obtflineii.  A  fitill  lon^'r  record  c«ii  l>e  made  in  ink] 
on  u  while  surfaet*  by  mcniiii  of  n  kymogmph  (■arr>'iiiK  *'  rmilews  "  jiaper  {  Kik.  WJ.j 
By  meFinH  of  n  "pen*'  of  nuitnble  oonstnii-tion.  n  record  cnn  be  owntinne*!  forj 
dnys.  the  paper  Ix^jnpr  titirollcil  frmn  mie  spool  and  tvillwl  onto  another  at  tho_ 
proper  rate  of  spwd,  after  the  ink  haa  had  time  to  dry. 


B.    TIKE   RECORDERS 

It  is  often  nwMwsary  to  know  the  appod  ai  whirh  the  revolving  flurfaoo 
passes  Ihe  writing  point.  This  may  be  riettT mined  roughly  bv  regulflling  tho 
ret'olutiooa  of  Ihe  dram  to  a  certain  uniform  speed ;  but  if  the  exact  temporal 


Fto.  7. — An  electric  MgitAl  used  aa  h  tjtne  niiu-kcr.  uftor  Depcii. 


relationH  of  the  events  vhich  are  ht'ing'  recnrdeil  niusl  be  known,  it  is  necGSSBry 

to  finplny  h  timt  marker.    Thi»  instrument  commonly  (akcs  tho  form  of  an 
electric  signal. 

A  coDTcnient  form  is  that  rpprewnterl  in  F\g.  7.  An  eWtro-nminiPt  (m) 
Iwara  ou  its  armnturv  a  recording  Wver  (*)  which  can  bv  arniuged  «o  M  to  write 
on  B  smoked  snrfaee.  The  movpmeuts  of  the  annnlurc.  and  hence  thone  of  tho 
lever,  are  determined  by  makinir  and  breakiiie  thf  enrn-nt  to  rlir  magnet  at 
reKuInr  inler\-«ls  of  time.  If  it  is  desired  to  ninrk  aeenmls,  ns  in  Fig.  4.  a  eloek 
l>ealing  »pcond-i  nmy  bt-  no  Arranged  as  ro  make  and  hrciik  the  current.  If  smidl 
frnctions  of  a  wx-oiid  arv  recpiired  an  tu  Fig.  S,  a  luaini/  fork  vibralinjr  llif 
desirt'i)  number  of  tinir-»  |icr  weond  may  be  made  to  dip  a  plttlinum  wire  in  and 
out  nf  mercury  with  cnrh  ribrntinn  and  so  interrupt  the  furn'nt. 

The  tuning  fork  it.self  may  al-so  be  employed  aa  the  time  marker  by  attach- 
ing a  ver>'  light  writing  point  to  one  of  it»  prongs  and  arniugiug  this  »\>  that 
it  will  make  !i  liKht  tracing  on  the  recording  aurface  while  the  tuning  fork  is 
in  vibration. 

It  will  be  apparent:  (I)  that  the  time  interval  to  be  employed  mn.tt  be 
adapted  to  the  t)pe«d  of  the  drum  and  ihiB  in  turn  to  the  rapidity  of  the  eventa 


tn  he  rmirJeil:  iui<]  {i)  that  wliilu  it  in  uot  uecnL<uiry  to  hnvp  ibe  drum  move 

at  II  utiifomi  niKt-d,  if  Uif  Iimr  n-eurd  is  itiudv  sUuuitaut-ouslj   wilb  the  phyaio- 


Ktu.  H. — Curv«*  of  Vtl.xat  prnwurf-  In  (Ix*  ("ft  vimlrictp  (I')  anil  in  'li<    i    r  r  1  i  i>f  llic  iliifc,  nfli-r 

llnftlilr.      .S,  llir  Ittuc^rti^inl  in  ,lithfi  of  a  MvuDil.     To  be  .-i..  .  :i>  i.  l>ll  tu  tt^Uu 

hglmT  n>4*tini.  mui*li  mi>n>  ailiefaciory  reautts  will  be  obtained  if  it  does  movo 
Mk  Diiifonnly  and  stt-adilj. 


C.    RECORDING  BY   AIR-TRANSHISSIOn 

Tlie  metbnd  of  iiir-traii«mi(i«ion  for  the  regittlration  of  plivt^tnlopioal  evoDts, 

Antt  tntrotlucif]    into  physiology  liy   Buiswn    (18<il)  nnd   lnt<T   hrn)i|;hl   to 

perfection  bv  Mam.  has  aUo  found  wide  applicatioD.  The  prindphv  of  thin 
in«tbD(]  may  be  undersinod  from  the  following: 

Whrri  iwii  thiii-ivMlleil  rublier  Inilb^  arc  winiit'otpd  with  ouch  oIVt  b,v  means 
of  a  ml'lM^T  luU*  haTiiiK  fairljr  rigid  whIIis  and  prowure  ia  exerted  on  the  one. 


«.— Kipronliug  Iniiilimir  of  Mai«;r,  artiul  MSP.  a.  mrUilMr  f«m>  :  b,  thin  Imlitv-mbbpr  mmw 
t««l>r;  r.  Otln  <Jm1i  uI  iiliuiiiriiiiiii  Nii|i{H>rliii4;  llir  Irxpi  if  |»  lutiall  |Kirlin«i  oS  wliirli  noly  ia 
fVjNWMiioUi;  «,  •rnp"*  for  pliw-liiK  xiippi^  of  Ipvrr  vrrtkally  over  f,  I,  tmrt»llic  Uitw  mni- 
■matg*»r.g  wtlb  r«%ily  nf  iwnbiiurfuriiitulitarnl  toui  India-nibbvr  lubn. 


tbc  othrr  will  of  cimrne  be  dilated.  Now  if  a  writing  Ipvbf  be  cmiiectpd  with 
oD»  of  ifae  bulb*  it  can  be  madi-  to  rcvurd  uuy  sueh  variation))  in  prrvRun>  taking 
plarr  in  the  utlwr.    Thi>  nppiinitus  necessary  for  registratiou  by  air-traasmiMion 
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coiiaiittd  then-fore  of  Two  part^i  a  rFcetving  bulb  or  tambour,  and   a   recordinrj 
bull)  or  tani brill  r, 

A  verj'  simjile  form  of  rrcvrdinti  titmbovT  h  shown  in  FIk.  D.  A  hulhiw 
Bluiiiiuiimi  IhIk-  if)  eoiivf.vi^  thv  iiir-wavi-H  to  tJw  (Hiuith-  ninnhnuic  (6)  titrint; 
over  the  chamber.     A  siiiuU  mpliilHr  (Jisk  (r)  is  ccinontpd  to  the  momhruuL-  and 

on  Uk'  upright  bur  iia  a  XuIltuth  nxln  iht'  writ- 
^^^  iuif  lever  id).     The  nxlo  of  the  lovor  U  hoM 

^^^  in  a  ynkc,  thf  liisraiiro  of  wliirrh  from  t\ic  fill- 

I  rruiii  cMii  l)«?   n-adily   adjuf'ted  and   the  excur- 

I  wons  of  the  writiug  puriut  be  thereby  vnrii'd 

^^^L  as  tleKtrctl. 

^^^P*  Thi>  second  part  of  the  apparatus)  or  re<^*iV- 

^^^^^^^^  inp  lamhour  is  usual],v  in  the  form  of  u  Atnnll 

^^^^^^^B  nibbfr  liiiUnoii  or  vi  a  »ninll  au'lalHc  box  p«v- 

cri'd  with  a  rubber  meinbrniie.  The  furni  of 
thi'  n't'ording  tumbotir  c-an  bf  the  surric  fcp  a 
Kr*'al  many  kiiult  of  iih.v.siohifiix-iil  nioviiiH'nl.-*. 
but  I  lie  fiinn  of  thf.  rpreiviuR  lamlmur  must  b<? 
miaiitej  to  thf  spcciwl  funn  uf  i-xperinifnl  in 
which  it  is  beinji  usH, 

Thif  n-i-iMVLT  Khown  in  Fig.  10  ii*  uthiplcO 

y  for  transmitting  movomcnlx  tA  thr  wnll  of  ihr 

^■P^»  i-iiriitii]   artery,   fur  tlic   |iiir|.i>(iM_-  of  Mrurini^   a 

_^^^^^^^^j>  jtiilic-l racing.     It  cnijsi»t!<  of  ii  Ttintill  niflnllitr 

^^k  box    fjiilaiiiiug     llin-e    t^[na]l    spiral    sjjriugs, 

^         ivliit'li  RTVi-  til  give  ibt-  itifnibriini.*  unvering  it 

a  fi'rtain  ti-n.^jnn.    The  mfmhrnne  hears  on  it« 

outer  wide  a  smiill  button  or  plunger  which  fiin 

bu  upplii-d  to  ibo  skiu  ovff  the  artery.     The 

jtnlHtttory  inovenienlH  i»f   the  arterial  wall  are 

taken  up  by  the  pliuigpp  and  are  oonvf-yed  by  th*.-  tube  kndiiig  fnrtm  the  ehainlM'r 

of  the  bmx  to  the  r«'eoidirig  tambour.    Tlie  whole  apparatus  is  fa-stencd  to  the 

neck  by  rnronn  of  the  b<»i|i  innl  s.-rt-w. 

With  well ^'onstnn' led  H|iparHlU!>  this  method  of  rt^gi^tration  ban  be^-n  found 
tn  he  very  exNel,  Itiit  not  all  tiiT»t»uu]"»  uru-  so  euusirueLed,  au(l  it  U  iK-eestiiirj' 
hefon?  uiidertaliijig  any  t'xact  determiuuliuuii  lo  prove  the  apparatus.     A   vury 


FlO.  lU.~RMCiviBKtainbi»iruln])t- 
ml  (ur  uldnga  puW-rn^nJ  fmrn 
tlie  tiiutitid  artery  of  mnxi. 


Fto.  II. — PuJsp  curve  (rom  lln*  earoud  iirttTj"  of  iniui,«lt«r  EJgren.     To  \k  rfaJ  (roin  l^fl  to 

riglit. 


good  te«t  for  a  recording  tambour  ia  that  of  registering  n  pul^te  eurx'e.  the  pulse* 
beat  being  received  from  (he  earotid  artery  by  an  apparatus  of  given  fomi. 
With  the  i-eeeiver  uhown  in  Kig.  10  the  tracing  given  by  the  carotid  should  b» 
essentially  like  that  tthowu  in  Fig.  11. 
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D.    REGISTRATION  BY   PHOTOGRAPHY 

Even  IfiL'  iiii>st  (leiicHlpiv  conslnii'lod  wrilinji  lover  has  «onie  wpi'fjhl,  ftnd 
hwjw.  kfauw  of  it*  infiiia.  may  j;;ivi-  an  iiK-oriwl  ftirin  to  the  ciirvo.  The 
ideal  retorder  would  !«,■  eulirelv  without  mass.     We  ha\'e  such  a  ret'order  in 


^M^ 


_fi. 


V 


I 


Capillary  •■Inrtmmi'lM'.  alirr  ^^avH^.     Tltr  inatrumpnt  U  mnunltn)  oo  UinT  it  nui  Im 

a  bemn  of  lif^t,  provitlwl  ih(^  experiment  oan  I»e  «►  nrran^iftl  That  the  move- 
mrnt  III  Ik-  n^ronltHl  if  trati^tinillnl  liirectly  to  n  small  rnirmr  whicli  ri'llcols 
the  tieani  of  lijiht.  and  tlie  rotlixted  beam  can  then  he  nmde  I"  fall  on  a 
mnvin^  nurfaoe  whit-h  ii*  «m*i(ive  to  lij,dit- 

Bui  ilii-  phtitiitjrapliir  mrlhnd  Ij*  r>r  much  greater  important  for  remwiing 
movenienld  wIiil-Ii  cannoi  he  ruc-ord^Nj  jti  any  olher  way. 

Tlit»  w  [Iw  **iuii»,  for  ox«mi>If.  with  ihe  weursion*  nf  Ww  capUlnrn  tltf.trom' 
eUr.  This  iii"inirm*nt  ( Fi^■.  12)  consiBtei  of  a  fine  capillary  tuhe  partially 
fillnl  with  iiK-n'ury  iiiul  tli|t|iiii|i  itiUi  a 
dilute  '4(ilutii>t)  (if  auljihuric  arid  mi 
that  the  mi-rrtiry  L-i>tiiii«  in  onutael 
witb  the  ftoid  in  the  tube.  When  el<v- 
iririty  fn'in  miy  stuim-  i*  li-d  into  the 
iiunrumeiit  by  conneel  inx  one  |Mi|e 
with  ih«'  Hit  niid  the  «'thtT  wiih  the 
II.SO,.  the  niiTcur)-  tnrniBcns  in  the 
imi>iIlAr>-  tuU-  will  nmve  in  the  diree- 
tion  <'f  ihr  curn-iil.  Such  niovfuicnts 
ran  be  tuaif&ified  b.v  a  nucrotieo|>v  and 
br  nrconlnl  nn  a  tnovinir  phntocmphic 
plate.  Sinit-  many  ftirnis  of  aerivity 
in  the  Kitininl  bfnly  are  aivnnipaniiHl 
by  fleet  ricjil  ehanps  of  |>»teiilitil 
whieh  cniiiKil  lie  deinoniilrat<>d  in  any 
nlhrr  way    iJian    by   a    very    witxitivi- 


Fta.  13. — Action  <nincntfi  i4  llie  dog's  keort  tts 
rrvoninl  by  pliatiigmpliuii;  the  i>xi-un>irwiii 
)■(  thr  nii-roury  column  in  Ibo  iMipillary 
rlwtroiuMrr,  atttv  v,  KricB.  Hlrclriml 
rtmiK-ction  wb»  maili;  with  \)ir  Imm-  himI 
»pe\  of  llic  iMurt.  Fiiwt  plmw -  ha*'  i»«t!»- 
livn  lu  th«  api'X.  Si-rond  ptiliM  A|mm 
iwf&tivo  Id  itw  bow.  'I'lif  upper  lin«  rcp- 
rmvnlJi  tho  tim»  in  fi(tli>  al  ft  mtond.  To 
lir  rr-ad  Imm  k-fl  Ui  Hglit. 


rlrrtMrnrler.    this    tnodi>  «f   nvislra- 

lion  t<i  very  valiiabk*  for  ihi-  "luily  of  fiuch  phenomeuu.  Fiit.  13  re|ire«ent»  the 
pluiti^rnphiccunre  of  the  fleet ricnl  vurinliuiut  (action  cuncntA)  ap[>c»nnti  during 
the  cTclc  of  cTcntM  in  the  dug'i  heart. 
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GENERAL  CONSIDERATIONS 
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A.    THE  CELL  AS  AR   ELEMENTARY   ORGAIflSM 

TnF  remarkrtl>le  culwiaix-e  whow  activity  is  Ihe  liasis  of  all  vital  iihenom- 
ena  in  ItOlh  unjnitils  ami  plHiitH.  aiiil  wliich  w<*  cull  tli4>rr-riin>  th«  livinfj  suh- 
tlance,  oci-unt  not  in  a  Uuiuu^L'm-oiui  aj^trn'galiuu  but  iii  the  form  eitlicr  of 
discrete  iiio^'fus  called  cflU  or  of  jtmall  bralit's  which  repret^ent  tninsrormrd 
cvIU  {Sclilcidun.  1838;  Schwann.  1839).  Every  Mvinj,'  beinp  ant)  pvery  H-pa- 
rale  cell  ari^ios  from  a  preexiistinp  cell  {nmni*  vfUula  e  ceUnla.  Virchnw,  1855), 
llany  aiiiiiinl^  am!  plantA  thnxighont  their  livp!^  cnm^itit  of  Inii  nn<>  celt.  In 
othem.  from  the  original  wW  iit-w  ones  arii*;  llie*e  iu  their  turn  multiply, 
■T*  transfnrnied  into  a  variety  of  .iha|»e!f.  and  ihuft  hocome  ada|>twl  for  ?|>ocial 
puri>i)tu>»i.  In  this  way  the  imlependeniie  ivhich  phamcterizes  thf  sinjiIi'-Lvllcd 
rrvfltiin.-^  is  rt-UuciKl  to  a  comiderahle  extent,  so  that  cells  detached  from  the 
I  orjfitnism  am  us  a  rnle  unalile  to  maintain  thcmiu^lvi^. 

Tlie  vttW  is  therefore  the  brginnint}  and  the  wiirre  nt  Ihe  Rnlirc  Imdy.  and 
the  formed  plement^  of  which  the  Imdy  i«  vonslriicU-d  are  each  and  all  nothing 
el«e  than  celln  or  cell  dcrivalives.  Corresporidiu^'ly  we  may  say  tlial  the 
powers  of  the  iKKly  lu  a  whole  represent  the  siuu  of  the  powers  resident  in 
thf  individual  <'cllit  and  the  cell  dt^sccndants. 


In  Uw  study  of  vilal  ))roce«a«s  we  have  thus  in  the  Srst  place  to  consider 
laclivilj  of  cells.  The  discoveriei*.  however,  which  have  bvcu  made  by  direct 
ration  uinm  ccUa  (especially  thowe  lliiiL  un-  frw-living)  an»  iint  by  any 
mmna  nifficiiiit  to  wrve  as  the  basia  for  a  complete  prcwntation  of  the  (rcneral 
vital  phfnumcna.  Dceides.  there  take  place-  in  the  many-celled  organianui,  owin^ 
[to  ihv  diffcrrntiatioiut  occurring  in  ibom,  maojr  kindn  of  {ilieiiumcna  which  do 
lakr  place  in  the  elementary  ornratiism,  or  which  at  least  with  our  present 
in»  cannot  be  demount  rated,  and  at  all  cv*cntis  can  hi-  iiiv(.-»ti]<uUi)  iini<-K  more 
nrr-iiBhly  in  the  organs  of  the  mnny-crlled  animals.  In  any  BciifrnI  di^rusiiion 
iif  vilbi  pbt-nrimciin.  iht^-nrforc.  uiio  flKiuld  trive  tb<'  rt-itullA  obtAinod  iti  the  different 
prorint^^  of  K<'ner«l  |ihy»io)oir>'  each  Us  proper  Blmre  of  attenlioii.  Since,  how- 
ever. thi«  irsi-bui'k  hua  for  'n»  s\tvriii\  qiihj<>et  the  |)h.vf>ioli)t[y  of  man.  I  must 
limit  layself  in  the  pmactit  chapter  to  the  boldegt  ouilinett  nf  (rcneml  pli.viiiolo^. 
R]«ewhL-rr  the  irt-ncral  vital  phenomena  will  be  disctt^acd  from  time  to  time  in 
i-onncctioD  with  the  facta  of  special  phyaiolofry. 
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We  know  nothing  at  all  about  liow  \i(n  first  npp*mn-d  on  the  earth,  aud  we 
are  unable  to  attach  at»y  great  i[ii|iortanoe  to  Iho  hypiithoJMjs  which  have  been 
put  forwnni  eonccmiiif'  ii^  origin.  For  a  hmg  tifiie  it  waw  imajriiicd  that 
iiiau_y  kiiiJs  of  living  crcjilureji  arose  directly  from  dead  matter  by  spantaneous 
grrttration.  But  the  more  dwpl_v  studies  in  this  direction  were  followed,  the 
more  improhalilc  thi^  view  IiefaToo,  and  at  last  it  was  lieki  only  with  reference 
to  ihc  lowest  organisms;  until  linally  I'asteur  (IS(il)  by  his  ingtMiiciurt  re- 
eearchea  incontestahly  e^tablinhod  the  fact  that  spontaneous  gcnt'ration  does 
not  take  place  at  all. 

Within  the  ceti  Ihi*  living  substance  is  divided  between  the  nuclei:s  and 
the  surrounding  proioplaxm.  The  protoplnAm  may  he  manifoldly  differenti- 
ated into  contractile  fibers,  i-ilia.  I'tc.  Btisidus  llie  cell  cciiitains  in  greater 
or  less  qiiantity  nonliving  suhstarn'Ox  of  tlie  most  different  kinds,  Kome  nf 
which  appear  clearly  as  .tpecifllized  contents — e.g.,  the  eelj-sap  of  plant 
cells  ami  the  fat  of  fat  cells — while  some  are  intimately  mixeil  with  the 
niicleu:*  or  protoplaitm  and  are  therefore  not  to  he  di»lingui»lie<i  from  living 
subi^tance. 

Some  cells  are  surrouiiJ^Hl  by  a  ftpcciolized  efll  memhranf.  while  otheps  have 
none;  lipuce  it  i*  not  an  eatiential  coiistitnciit  of  a  ct>II.  Almost  all  plniiT  t-flls  have 
even  iu  their  early  «ta((Cii  a  HpeciiiliibeiJ  uieiuLnin^)  vrhieb  iiierL'itites  in  thiokiieM 
as  the  cell  grows  in  si«.  Accordinif  to  pi-esent  viewe  it  represents  either  a 
tranflformutiim  product  of  the  outer  layer  of  the  protoplaam  or  a  secretion 
product  oi  the  cell.  Only  a  few  nnimtil  CfU^  have  nn  flctnal  mfmbniiu'.  The 
xona  iH-llufida  <pf  the  c;gR  cell,  the  incmbraiie  of  fat  cflU  und  probably  rlie 
sarcoleiiiuui  vf  mu»^L-le  iWn-n  are  ubout  all  that  can  be  nniiied.  In  ullier  animal 
eells  bowi'vcr  the  oiitiTmast  layer  of  tlie  cytoplusin  iw  iiflin  firiiier  and  more 
elastic  than  the  inner  parts,  and  is  theref«ire  able  to  protect  the  cell  to  a  certain 
extent  in  the  same  maimer  as  a  true  momhrane. 


Cells  differ  greatly  in  external  form.  The  spherical  form  which  we  regard 
as  the  type  w  by  nn  means  gcnerni :  we  find  on  the  contrary  a  great  variety 
of  forma,  not  only  in  the  many-cclleii  organisms,  where  the  vhnpe  nf  the  cell 
ia  iiiflnence<l  hv  its  position  with  Tpfcrrncr  to  other  cells,  but  nUo  in  free 
living,  tsiiliited  cells.  Cull-i  likewise  vary  in  xkr.  all  the  way  from  (Hat  which 
is  perceptible  only  with  the  liiglietit  niagni  lieu  lion  of  the  microscope  to  that 
of  the  giant  cells  of  certain  alga?,  many  molcra  in  length. 

The  nucleus  occurs  usually  as  a  spherical  nr  ova!  body  in  the  middle  of 
the  cell;  but  i1  may  take  many  olher  fonns.  As  a  rule  the  size  of  the  nii- 
clen^  beary  a  direct  proportion  to  the  size  of  the  cell.  Tlie  larger  the  cell  is, 
the  larger  is  the  nucleus.  However,  there  are  many  exccptionj*  to  this  rule 
also.  Most  cells  contain  hut  a  single  nucleus,  although  not  infrctiucnlly  two 
or  more  may  l*  present.  Indci'd,  in  the  giant  cells  of  liie  hnne-iiiarrow,  in 
wveral  of  the  lowest  organiwufi.  and  in  some  other  cells,  as  many  as  one 
hundred  nuclei  have  hecn  oh*en'ed. 


GENKIUL  C0NSII>l':i{ATIO.\3 


17 


B.    TBE  RECIPROCAL  RELATIOHS  BETWEEN  THE  NUCLEUS 
AND   PROTOPLASU 

Moot  animnl  fln<t  pUnt  oflU  arc  mirli-fiUsl.  Only  in  ihe  Bnctprin  is  the 
pnitenw  <>f  a  niiulfiis  diMililfiil.  Smiw  authors  (•hLi]ii  iiuleol  tlmt  lltese  organ- 
ianix  al*n  an-  to  he  addtil  to  the  gi'in-'ral  <f]\  nclioinc;  Init  the  ftivi^  which 
h«ve  U*«n  brou^hl  forwan}  in  support  of  lliis  vii-w  arc  f»r  fnirii  stillirii'iit 
lo  coDiitiluti!  iK-tua!  pixtof.  AUlioujth  tlie  mi  hlotnl  lurpumlfx  nf  tlu>  Mam- 
malia cnntfliu  n  nuclniiit  nt  an  enrly  titage  of  their  (k-vrlnprnunt,  in  their  mature 
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Fra.  H. — PalfHtmuUa  vnnttia,  u  micKMCopic  organ  I  wn  BurTounded  by  ft  vtimmom  Bhell,  bftrr 

Max  UchullM. 
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•lalf  Ihi'V  arr.  so  far  m  wo  know,  witlnnjt  tMU-lci.  If  w>.  (lipy  are  wjirocly  lt> 
be  rvxarilcil  ji«  celK  since  having  la-it  tlic  nucleus  they  are  no  lonffcr  ra[>ahle 
of  repmludiou. 

W'krrrrrr  it  ornirit  (he  nurlcux  representg  a  ttfceiaari)  eentxtytacnt  of  the 
ceU.  Sin(,'h--«'i'IUN|  form?  may  l»e  diviiktl  hy  a  sharp  rnt  or  hy  other  means 
Bito  a  nneleatf)!  and  a  nonnucleatcil  ptirt.  The  former  i^  soon  regenerated 
Ui  u  unniplott*  i-oll  evon  if  it  t-ontain  l>ut  n  pnrtltin  nf  the  niit-li'ifi;  while  the 
nnnnui'li-ali-tl  part  invarinhly  iMi^  afler  a  »-linrt  1ini<>.  for  althon^fli  it  may 
move  atnmt  tjiiili*  iifiniially,  may  iitge^it  fnreign  biMlji-s  (Infusoria),  and  oven 
kill  them,  no  digralion.  or  at  hc^t  only  a  partial  digeittion,  can  take  place 
(Muwhaum). 

Tlie  pmduflutn  of  ctrtain  suh»tnnrrs  on  the  part  nf  Ihe  prolopI«nm  is 
likewiH?  slop|HH|  hy  the  romnval  of  the  nuelcn>i.  A  nonnncleateil  portion  of 
/•i>/y*(rt(M (•//.!  (  V'lyi.  M)  is  no  Innjfer  able  lo  elnhorate  ealrium  cnrbnnatc.  whrh' 
a  nucleatifl  piet'c  »l  once  makes  good  any  defecl  in  its  calcareous  nhell  by  Iha 
depnetit  of  new  earhnnatt'  at  the  injur^l  plaro  (Vcrwom).  In  plant*  it  lias 
t)ecii  oh-rn'iHl  thiit  an  isnlatt^I  pie(»  of  protoplasm  is  unable  to  construct  n 
n*'W  celluln<(e  membrane  (Klelw). 


% 


18 


TUE  CELL 


By  tlto  influence  nf  a  low  tfimperaiiirf  on  iho  cell  of  Sptrofftfrn.  ctmffht  in 
the  acl  of  ilivJ!>inn,  lifrassirnow  suffpoded  in  driving  all  tho  nut'tuiir  sulK-'tnnce 
intu  utie  ilaiifihtor  coll,  leaving;  [Jie  ii'tlier  iiiiitt-  dt^voiil  nf  a  niu'K'ii:*.  In  a 
aeriea  of  «iu-!i  i'X|K>rinicm*i  it  wtw  e&m  thai  in  twi-nty-Diii;  day^  Iht'  jfniwlh 
oC  the  etiiicloattfd  rt'lli*  amouiital  (o  0.4-4.5  per  cent  nf  the  avera^L*  pmwih 
of  tliu  noriHttl  ci'll.  whily  the  growlh  of  tlu!  t-elU  witli  a  surplus  of  iiiH-U'nr 
niaterial  exetHilw]  l.hat  of  ihe  nurmal  K-t'IIs  hy  as  much  ha  sevcnty-fighl  jier 
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FiQ.  lS-~-A  mdiiitikriiin,  Thal/utifola  nvcteata,  niter  VcrwnriL  Cruns  s^Iicmi  of  a  ikoruutl  ludi- 
VkliuU.  'nK>  Uyt-rs  imm  without  Inward  are:  tin-  coroniL  of  nulial  p»)(.-iuJc>pU(]ia,  the  atint- 
inou*  layvr.  vawiilnr  Uy>-r,  piK>nriit<il  !tlu.-ntli  ubuiit  (lir  central  L-u[Mulr,  wid  tlie  uriilml  cu|>- 
«lk  (to  thi-  CL-nUHt. 


cent.  Al  the  saint-  lime  the  solution  of  stnrrh  in  Ihe  emiciented  celts  either 
dill  not  take  phu-c  »t  all  c»r  procewi*;*]  vf-ry  fw'hty;  llu-  oiilrr  tvll  miMnhrane 
WUH  le8«!  fSt<Miriil)le  than  u^ual;  th?  uolor  of  the  c-hk>n'pliyll  baiidti  became 
consiaatly  palt-r  and  ilieir  contour  Ics*  clear. 

While  Ihe  nucleus  is  lluis  nf  the  greatest  im|ioiioiK-e  for  the  mirnial  activity 
of  tlwr  prfitn|ilasin,  it  caniirtt  maintain  an  indeppndriit  rxuntrnrp.  When  the 
protoplasm  i«  paralyzed  with  narf(uic.>*  th^e  iiuclcii.-i  may  indeed  cnntiniio  its 
movements  ( DtiiKMir K  shnwiiig  il.<i;If  quite  a.s  inde|H^iiilent  nf  the  protoplasm 
as  (he  pm(.-.j>lasni  is  of  the  hulIcus.  Neverlheleso.  if  removed  entirely  from 
tlie  proloplawm,  even  if  il  Iw  enlirely  uninjured  liy  the  manipulation  and 
be  protected  from  all  ejiternal  dii«lurl)tuii,'<»;.  lu^  ban  Iteeii  dune  in  Ihe  caw  of 
the  nn -lit  radi«ilarian,  Thuliixsliohi  ( Fi^.  15.  \'erwiirii).  the  iiucK'U*  iitvariably 
puritrhi;;;  wiihcmt  exhibiting  any  trace  of  regeneration.     Nor  do  nuclei  ever 
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occur  in  nature  without  a  protoplatrnic  ehcntli ;  it  may  bo  extremely  thin 
in  coruiin  celU.  but  it  is  never  entirely  wanting. 

Many  hrpotht^M^^i  luve  been  advaDced  lo  i-:iplaiii  llio  influence  of  the 
nucleus  and  t)iu  nature  of  Its  reciprocal  relaliom  with  the  protoplaitm,  but 
they  are  vet  rallier  more  of  a  speculative  than  of  on  exact  scicntiilc  nnlure. 
The  only  eondusion  which  can  Ine  drawn  with  certainty  from  the  diiseoveries 
lhuj>  far  inaih;  i^  thai  the  meUihohc  procc.tiif»  of  Ihf  vfU  go  on  normalttj  on/y 
unttrr  the  mutwtl  inflnrtuw  «>f  both  ntirleus  nritl  proioplasm.  which  after  all 
L«  oulv  u  Ikifc  t^latemeut  of  the  facU^  in  the  cat>e.' 


C.    PHYSICAL  AHD  CHEMICAL   PROPERTIES  OF   PROTOPLASM 

protoplasm  apT>car8  as  a  viMons,  usually  colorless  ftubstance  which  ifi  not 
mist'iblc  with  water,  and  which  always  contains  a  %'aryiii);  niimlH-r  nf  very 
email,  punclifurrii  jfmniiles.  Tht-  dislribulion  of  the  jrninulus  in  Iho  cell 
body  iti  wldoni  uniform,  for  one  finds  as  a  nilfi  an  outermost  layer  of  greater 
or  less  tbickntsw  free  from  Iheni.  Since  thin  layer  is  firmer  thun  llie  inclnseil 
proluplafcm  coutaiDinj;  ^jranulen.  it  i«  duinignated  a»  the  hyalopUism  (Loydig) 
in  conlradiitlineiion  to  the  granular  npnnainpUtsm. 

In  f^nvral  it  is  o^suntcd  that  resting  prntojilasni  Imit  an  nlkaUnti  reaction. 
This  flppe-iiru  to  Ir-  tniP  hnwever  only  with  indi<ntors  whirh  are  not  sensitive 
lo  rO, :  for  witli  indicfltorrf  wliich  respond  to  CO,,  neither  animal  nor  plant 
cclU  iti  the  noting  slate  ^^liow  the  alkaline  reaction  ( Friedentlml).  Mtit  in 
the  cainc  of  tftttw  lowjy  orgunii-ms — e.g..  the  fijssion-fungi  and  the  Anio'lw — 
the  true  reaelion  of  the  living  culu^tanee  must  slill  apfn-tir  doubtful,  since 
tht-M-  arc  able  to  Vwa  in  »<lrc>ngly  alkaline  nutriwil  media — a  cir<'i]ni«tance 
vhlrh  does  not.  however,  constitute  conclusive  proof  of  an  alkaline  reaction 
for  the  interior  of  the  pell. 

Tn  thi-  gi'lRtinous.  roUnidnl  suhstanrcd  (e.  %.,  a  solution  of  gelatin  which 
U  drying  up  Ihrough  lns^  of  walfr)  with  which  frorn  a  pun-ly  physii'al  point 
of  virw  protoplfi-ini  exhiiiit-*  n  clojf  agreenieiit,  all  pocdibh?  gradations  are 
niH  with  fnim  tlie  Huid  lo  the  solid  tttate,  and  for  such  sult^tancos  the  terms 
"  flui*l "  and  "!«o|id"  may  have  within  wiile  liinit:<  a  purely  relative  signifi- 
MOCC.  Hence  it  is  not  dillicidl  to  iiiidcr.<itnnil  that  views  regarding  rhe  slat* 
of  atfijrfgaliritt  n{  proioplasin  are  very  tlivi-rgi-nt.  it  hciiig  rcganli'd  by  some 
Uilbon  AH  8olid,  liy  other«  as  fluid.  Moreover,  it  is  not  In  la-  ovfrtouked  that 
in  the  endless  varlcrtieii  of  diffen'ntiationii  met  with  in  different  orders  of 
living  beings  (hi-  state  of  aggregation  may  prej^enl  not  insignificant  difTer- 
i-i«v>.  For  the  ci'll-  vihicli  exiultit  protoplasmic  currents  (<f.  page  'il)  ft.i  Wfll 
UK  for  the  BniO'lHiid  cellf'  (c'-  I>ap'  I'-i)  and  llic  egg  and  early  enihryonic  cvlln, 
Ithunihtt^r.  wilh  strict  regard  to  the  ta^^'s  which  apply  to  fluids,  hatt  adduced 
weighty  rea-soa'*  for  the  view  ihal  the  protoplasm  possesses  in  fact  a  fluid  slate 
Iff  afpirrtjutimt.  and  has  the  meelinnieal  peculiarities  of  a  foam  the  individual 
«lv«^i  of  wliivh  are  locally  of  different  constitution. 


'SpilJtrr,  I.4M'li  uiid  R   S.  IJIIir  have  brouRht  Torward  ron^itkmblc  I'videfKc  that  Ibc 
nudeuf  ia  the  chief  agency  in  the  uctivation  of  oxygen  within  the  cclL— Eo. 
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Water  is  an  integral  constituent  of  Hving  substance  and  on  drying  the 
cell  either  dies  or  it  becomes  apparently  dead  ("dry  rigor"),  and  resumes 
its  vital  activities  again  on  the  addition  of  water. 

We  do  not  know  anything  definite  about  the  manner  in  which  water  is 
combined  with  the  real  living,  substance.  That  it  is  not  held  in  pores  of  the 
protoplasm  as  in  a  sponge  appears  from  the  fact  that  water  cannot  be  pressed 
out  by  mechanical  means.  No  more  can  the  water  here  be  regarded  as  an 
analogue  of  the  water  of  crystallization  In  inorganic  salts.  It  seems  more  likely 
that  it  is  held  in  interstices  between  the  molecules  or  combinations  of  molecules 
which  make  up  the  living  substance.  It  is  not  impossible  also  that  at  the  death 
of  the  protoplasm  a  part  of  the  water  constitutes  a  product  of  disintegration. 

The  specific  gravity  of  protoplasm  is  somewhat  greater  than  that  of  water. 
It  refracts  light  more  strongly  than  water,  is  transparent  in  thin  layers, 
opaque  in  thick  layers.  Some  forms  of  living  matter  are  doubly  refractive. 
This  property  was  first  observed  in  cross-striped  muscle  (Boeck) ;  but  since 
that 'time  it  has  been  found  that  practically  all  contractile  substance  differ- 
entiated into  fibers,  such  aa  smooth  muscle  cells,  cilia,  etc.,  is  positively  doubly 
refractive  in  such  a  way  that  the  optical  axis  coincides  with  the  direction  of 
the  fibers  (Engelmann).  This  fact  is  evidence  that  the  structures  in  ques- 
tion have  a  different  molecular  arrangement  from  that  of  other  living 
structures. 

We  know  nothing  concerning  the  chemical  constitution  of  living  substance. 
Chemical  investigation  of  dead  animal  and  plant  bodies  has  made  us  ac- 
quainted with  a  very  large  number  of  different  organic  and  inorganic  com- 
pounds :  but  not  even  the  delicate  micro-chemical  reactions  have  been  able  to 
furnish  any  information  on  the  chemical  nature  of  living  substance.  We  can 
only  say,  therefore,  that  when  the  living  substance  dies  we  are  able  to  demon- 
strate proteid  bodies  of  different  kinds  aa  the  chief  constituents,  and  that 
in  animals  at  least  the  living  substance,  can  be  formed,  as  it  appears,  only  from 
proteid  bodies  (cf.  Chapter  III). 


D.    MORPHOLOGY  OF  THE  CELL  CONTENTS 

Everywhere,  in  plants  as  well  as  in  animals,  protoplasm  has  the  same 
appearance,  just  as  it  is  everywhere  essentially  the  same  with  respect  to  its 
fundamental  vital  properties.  Even  with  the  highest  possible  magnification 
we  are  unable  to  distinguish  the  protoplasm  of  a  plant  cell  from  that  of  an 
anitniil  cell.  This  similarity  is  of  course  only  apparent,  for,  since  the  life 
proct's.-*  in  every  particular  organism  takes  place  in  a  way  peculiar  to  itself, 
and  since  the  protoplasm — outside  the  nucleus — represents  the  theater  of 
different  vital  activities,  these  outstanding  differences  must  he  conditioned  by 
a  difference  in  the  quality  of  the  protoplasm   (O.  Hertwig). 

heaving  out  of  account  the  apparent  similarity  of  the  protoplasm,  different 
cells  may  as  a  whole  present  a  very  different  appearance.  This  is  due  partly 
to  the  external  form  of  the  cell  and  its  envelope,  which  must  be  regarded  as 
something  secondary  at  least,  partly  to  differentiations  inside  the  cell  (cilia. 
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eontractile  flhere).  and  partly  to  different  siihutanoft*  depoiiilpd  wilhin  the 
cell.  Solnellml■^  the  lti.-;t  are  prcbcnl  in  sucli  quantily  that  on  iiri^t  sight  the 
cell  appear^  lo  c(>nsii>t   only 


or  Bubetancew  foreign  to  pro- 
topUiim,  as  it  is  bvrc  duliDed. 

ThfHe  eeli  eonltftils  vary  a 
vgn-m  (Inil  in  kinil:  auh!>ttuncpfl 
vhirh  iirr-  TAk>>ii  up  from  out- 
aidr-  by  ihn  cell  to  be  (iirlhcr 
vliilHimttKl  in  it,  suWtaneps 
itoird  in  th«  cell  ax  n<«orrQ 
mntnriiil.  KiibAlHiirtw  forrucfl  in 
tlu>  It'll  by  it»  own  actirily  lo 
bv  ^ivi-n  nut  nff»in  uiidfr  np- 
profiriiiti'  nrc-umsluuci.li.  vU: 

Id  mi-wl  plant  cn'IIs  the 
prutoplasni  tilU  hut  a  nmutl 
Ipart  of  the  riA\  \wt\y(F'm.  1*0. 
'■Only  lhrn*«n>lls  which  lie  ohiiMi 
tf>  tb>>  KMiwiiiit  tip  consist  t>u- 
lin-Iy  of  jimloplaim.  In  their 
growth  ibp  wail  of  ihe  cell  iu- 
Frt*H^-«  in  •iitu'  inuL'h  luon-  rii|>- 
■dl.r  ihun  tlw  pmtnplaRm,  and 
■.4  a  N^ult  vfflcuiiW  arc  formed 
filM  *nth  fWI-t*up.  The  nu- 
oleos  (ben  lies  ewbedditl  in  a 
maiw  of  proiupluani.  which  in 
ronnecu<d  by  mranit  of  proto- 
pU^ntic  Ktrniidii  with  n  layer 
inside  the  cell  wnllx.  The  pni* 
jplaam  of  such  eelU  »irefimfl 
lek  and  forth  vrilhiu  the  eell 
ill.  rarryinp  with  it  the  (rmn- 
^nW  emtM-ddod  tbi-reiii  and  uft- 
timr*  the  oocletw  as  well. 

In  the  prutupluHm  uf  KTueii 

plant  relU  are  ctminincd  vpe- 

Lj-cially     differentiated      rhioro- 

iphilli  itofUev   (ef.  Figs.  Hi  and 
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Fio.  10. — P»rrri<rhyiiui  ppIU  from  the  miiidlf  ln^'cr  of 
Lbc  n>ol-riirIrK  (if  Frtlttlorta  imprrtftli*:  lutigituiliiuil 
acetiim,  itfit^r  i^i-lui.  A,  |ivrtioD  of  (lu-Kction  cltme  to 
Ilic  ront-api^,  very  ^^^uitiiK  cdh,  witlioul  crll-«atp;  B, 
cvU*  •.'(  Itiv  Mtnr  layrr  »bouL  2  nitn.  fTom  ttic  root- 
nprx;  «>1I-Mip  (■)  la  fnrniinK  in  llii>  pmUtplnon)  (p) ; 
r,  rdU  of  ill*  iainD  tay^r  7-S  mm.  (pom  iht  oprx. 
Tlip  cM  at  llio  ri^lit  Bbovp  hail  hiixi\  ru|.>iurwi  liy  itw 
racor:  iw  riu^lmni  (jy)  U  »ip*'n  mu^lt  «w«ilicn  by  nlMorp- 
tion  of  waivr;  k.  nuclnu;  ijt,  mtelcolu*:  h,  orlt>ui«n- 
br>nr. 

31)   ttt  which  these  cells  owe 

llifir  pnvii  color,  and  which  are  of  very  Rreat  imporlanw  in  the  rital  artivitie* 
iif  plnnt9(cf.  page  i(3).  Amoiift  the  inuhwum*  cniitiiiiii-f^l  by  iIh*  plant  cell  outsid« 
(ho  cell-«ap.  tiie  etareb  irranulea  are  to  be  csiieeially  mentioned,  since  they  reprth 
■rat  ibo  first  rifdble  product  of  the  nssimiUtive  activity  of  the  plaut  cell. 

XntBMl  r-flbt  an  a  rnle  confti.it  ataiMt  ^ntirftif  of  pmiap\a*m  and  contain 

L'fon'lpi  pulMtanCT-H  nnly  in  relatively  small  qunnlitie.'i:  they  an\  therefore  esson- 

^tJallT  like  yonn>r  plant  (*!!«  (KtK-  16).    There  arc  wime  animal  cells  also  in 

which  the  iinjinpjasm  is  almost  entirely  displaced  by  foreign  suhstances.    This 

i»  the  c4ae  for  wauiple  with  fat  ceils  in  which  the  major  pari  of  the  fat  in 
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the  body  is  dcpositird.     Kggs  likewise  contain  an  abundant  ^^lp|'l>  uf  ptotoid, 
Ipcitliin  and  Tttt  whkli  hi*  to  serve  as  nouritihment  (or  tin;  di!Vflf>ping  embryo. 

Other  inciofiirm  whiirh  otvur  in  Rreatftr  or  \q9»  abundance  in  animal  cellft, 
are;  fiit  (Jroplets  iti  thr  ve\h  of  the  niHrnmary  irlamia  and  ui  the  iiiU-stiiial  mucoM, 
diirinfi  absorption;  pigmt-nl  graiiulett  in  llie  piifincul  tt^lln  o(  the  fekiu  aud  «f 
the  choroid  mat  in  the  eyo;  (flycnpen  granutt^  in  ihe  liver  cellw,  etc.  In  tho 
naliod  <^IIft  wliicli  art-  able  to  ttike  un  solid  imrticlc-*  fmrn  the  surrounding 
meditiin  w  nbwrve  often  sninll  Alflia.*.  Uacteria,  Infusoria  unJ  the  likf^  (Fip:!*. 
19.  iJO,  21  and  i'2).  whieh  si-n-e  as  tiourUhmunl  for  the  cell.  aiui.  nftcr  diKc-lion 
is  L'ijiii|)lfIod.  iiidiff<*tiblr  .-shells.  skelelonH.  cnvcbiiHos,  vU\  Aunin  kiuilII  iravilieti 
tiJlpd  wirh  (luid  (vticnnif:*)  are  prrsont  in  the  prvito plasm  of  cr-rtnin  (niiiiial  ctIIs. 
Anionp  these  are  to  \h-  ninitioiHvJ  esjtf-eitilly  the  sn-oHtled  foiifrartUr  rarutAes, 
i.e.,  drops  (if  ttuid  whifh  are  prcsdi'd  out  of  the  pn>l<ip!«»m  b.v  the  cuntraetion 
of  a  eurroutidiiiK  sheath,  i>tily  to  be  re-collecled  from  the  protoplusni  in  the  same 
plaee  AKnin  when  ibe  cuntrm'tion  cctiw-H  (Fijre.  2^.  'M,  iiW). 

Finally,  there  are  fmiind  within  the  prr.t^plasni  of  Kiiimnl  fi'lla  eerlain  plant 
cells.  Alf;n'.  which  do  tir.[  -^tvo  their  htwt  hh  nutritive  iiuilfritd.  but  merely  live 
in  eompRny  with  it  (stitnhiosi:*).  They  hiv  "f  the  ^I'l's''''*!  importnnep  fo  the 
life  of  ihe  nnitiiid  t'l'II  in  wliirh  iiiey  oecur.  fiiiiv  HimuHli  the  iii?tivity  of  their 
chlorophyll  budtec,  they  supply  it  with  tlit'  iieeessmy  oxyReii.  th«rpby  rendering 
it  iudependent  *if  the  oxyKen  cotilaiiiLHl  in  thr  surrikUiidini:  nu'diuin.  We  liure 
the  most  beautiful  instanec  nf  symbioKit*  in  a  liehrii,  whieh  is  nothing  more  than 
an  nprRrppatc  individunl  v-onsiatinc  of  n  funRnt  tind  an  nlifti. 

lU-ffrenee  niuft  be  made  to  works  on  cytology  and  hiatology  for  a  discunaion 
tjf  tbu  ultiniiiti^  «lruelun_'  nf  ihe  prolnpliiMii,  nm-leiin  and  ceiHroj*ouie,  a»  vrvll  an 
for  the  ehnntre,'*  in  tbe--*e  aee-ouipanyinx  eell  divit>iuu. 


8  2.   THE  VITAL   PHENOMENA   OF   CELLS 

A,    IHTRODUCTORY   SURVEY 

The  x^itfil  acdvit'f  of  nil  cc/l-t,  both  filnnt  unit  iinimol.  rnntixh  vf  Itro  oppo- 
site procctsct,  assiuiihition  ami  tiiitsimilatiun.  We  iuclude  under  ajt«imiJtition 
all  tife  uynthetic  procwseiJ.  of  whatever  kind,  going  on  in  Ihp  cell  or  under 
its  inflnenci';  under  diAfimihUan  all  the  disintogralion  procesws  gning  on  in 
the  cidl  ivr  under  ita  intluence. 

A.  A/nsimilatiun  is  of  two  kinds  namely  yrowtli  i>f  protoplamn.  i.e.,  for- 
mation nf  living  jiubstance.  and  synthe,-»e.s  of  new  substances  not  living. 

Our  knf)wlc<lpe  of  the  gniwtli  of  protopl(i>m  is  still  very  iiicjiger.  We 
can  observe  how  the  cell  inereaj^es  in  j^ize.  and  bow  it  niultiplie*  after  it  hat; 
reaclied  u  certain  nho.  but  tho  inner  merhanirtni  of  these  processes  is  stitl  quite 
obscure.  Somewhat  more  satisfactory  is  out  knowledge  of  the  syntheses  of 
organic  nonliving  sabstanee^  ncoomplished  hy  e»dls.  In  fact  the  sviilhcui* 
which  is  ipiile  the  most  impo'-tiint  of  all.  namely,  thr  formalion  of  starch  in 
the  grcon  parts  nf  plants,  itt  known  with  tnlemble  exactness,  and  may  be 
described  briefly  as  followm: 

There  always  oi-eur  in  the  neighborhood  of  the  nnclens  nf  plant  cells  .small, 
C«lorIej»ji,  highly  refraetive  bodies,  for  the  inoj:!  part  ova!  or  elliptical  in  form, 
whicU  are  allied  trophobiasis  and  which  arise  alwaj-s,  like  the  nucleus  and  the 
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cenlrwonie,  bv  ilirtsion  of  prot-jtisttiig  tmphoblasLs.    Tliese  structures  geoerate 

witliin  i)i»?tii«?lve(.  the  i-lilorophvll. 

Thf  j>n)|H'rty  <if  |i!;mls  4lis<«vurrtl  liv  lnp'nhouf=z  ( IT79).  H»'TinS)i*T  (1TH2- 

18<.M>),  and  Til.  tie  Suuw*urtf  (1804),  of  irduvimj  ciirt'<j>i  liiifxxdt.  tWjwmls  upon 

thu  chlornphvll.    The  reduction  isVv*  iiIhcc  under  tlie  in- 

HueiiL'e  uf  tliv  tiun's  ravs.  and  slareti  ii|ijK.>arH  ax  |]ii>  lirst 

\i!(ilil(.'  proiluct  of  tliu  resulting  synthusis.     It  is  dupwited 

in  the  rhlfirophyll  l»odiert  in  the  form  of  sniiill.  highly  r<v 

fraelive  grnnulci;  (.lulins  HhcIi!^.  18(>2).    At  llif  i^flnie  time 

the  plant  eive*  olT  the  oxygen  cot  free  by  the  nxliiotion 

of  earhon  dioxide,  and  if  il  gmws  in  n  rlose^l  moiri  the 

qnsntity  of  00.  in  the  confined  air  ron-stHntly  deereojws, 

white  the  fjunnlity  of  O,  is  eorn^iponctingly  inrrenw-d. 

fitiirrh  Hcrvrs  tu  the  alnrling  point  for  nil  further  syn- 

thelie  pnntvs**  in  llio  [ilant  lnnly.     ]ly  il?*  rtcaviige  and 

hvdraiion  different   kinds  of  sugars  are  prorliiocii,  and, 

tliif  Iteing  the  form  in  which 
eftrhohydrnteii  are  transpoHetl, 
Ihey  iipi'.  of  (jreat  imp(irrnni-e  in 
llie  furllier  synthetic  [iriKr«si.-s 
williin  the  plant  liodv.  Vcgo- 
labh>  uils  nrc  aUn  fnniiLHi  from 
stRrrh;  and  it  pnrliripales 
finally  in  the  ityntheKW  of  pr«- 
teids  in  plants. 

Beside*  (he  element?*  found 
in  starch  (eurhon,  hydrugen 
and  oxygi>n).  protfid.*  contain 
nitrogen  and  suljihur  (siiino 
aJM)  pltof^plinniH).  The  plant 
nhtain-i  the^e  olenienttt  from 
llie  soil  principally  in  the  fnrni 
of  nitrates,  sulphates,  phosplintes  and  ammonia 
enmpotinds.  It  ohtaitis  nn  the  other  hand  only  an 
infigiiifhriint  part  of  its  nitrogeti  frnni  the  ammonia 
and  nitric  acid  in  the  air.  The  nitrogen,  snlphiir 
and  ]»hosplioru-'  an*  libcral^Hl  from  their  minpnundfi 
hy  pnieesscs  of  rcduelion  and  tlii?y  togetht-r  with 
the  elements  cnntaim>d  in  starch  are  KynthetiwHi 
intn  pmteids.  It  is  very  prnhahle  that  the  amino 
acidit  Hiicl  their  amidet:— e.  g..  a;«paragin  (amino* 
fuccinaniic  acid.  O.TI.N'-Oj) — represent  iiiterm«li- 
nte  stage;*  in  ihiti  synthesis;  hut  how  such  proceMCB 
take  place  we  do  not  yet  know.  Finally  from  the  pro- 
leid*  Ihu*  foriiHYl.  living  protoplasm  is  (•onstnicted. 
Ctrlain  plantn  art  ahh  io  nimorb  free  atmuapherir  nifrtti/en  and  l»  com- 
bine it   into  organic  rompoimds.     A  si)^'!^  nf  Imelerium,  Cfoxtridiiim   /*(i.*- 

tturianum.  which  Urea  in  the  soil,  is  an  example  (Wiuogradsky).     Kriiger 


Flo.  17. — TliiH  Iwif, 
wlti(O),  in  till-  liv- 
illlt  ruiiililiini,  Imii] 
Ix-rii  ]  uirtiiil  I  y  niv- 
CTvtl  willi  V  Hlrip 
af  Titi  fciil.  wiw  i<iil>- 
aiyjuciiily  tn«lvi] 
Willi  iiHiiup  for  tlici 
(dBrrh  traction. 
Tim  KttM  whirli 
tuul  bfrn  alinikil 
nmaiDs  colorl«HBi 
■•  h  o  w  I  n  K  tliKt 
aUuvh  cmnnot  be 
farmmt  witltnut 
the  rtipr*t  ikctioii 
ot  Muull^ht,  ftfler 
Noll. 


Pn.    ]S. — TTie    root    nt    Dm- 

thirltlr  Imvrt  w'ltti  Ijuru-na 
lilt>rrrln>.  nfU-r  Nnll, 
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and  Sehneidewind  isolated  a  N-combining  Bacillus  which  in  sixty-two  days 
transferred  -1.6-8.5  mg.  of  atmospheric  nitrogen  to  proteid  nitrogen.  Accord- 
ing to  Kuhn  one  hektar  of  his  experiment  field  in  one  year  would  experience 
through  the  agency  of  microbes  alone  an  increase  in  nitrogen  of  66  kg.  Other 
microorganisms  capable  of  fixing  nitrogen  are  the  Azobacteria  studied  by 
Beyerinck.  Still  others  which  form  on  roots  of  certain  species  of  LeguminosBP 
peculiar  excrescences,  called  root  tubercles,  have  the  power  of  transforming 
free  nitrogen  into  such  compounds  (amides?)  as  are  able  to  serve  not  only 
themselves  but  also  their  hosts  as  the  immediate  source  of  nitrogenous  food 
(Hellriegel)  (Fig.  18). 

Several  other  mineral  constituents  are  needed  in  the  development  of  plants, 
notably:  iron,  which  is  necessary  for  the  formation  of  chlorophyll;  potassium 
and  roaKnesium.  which  it  is  believed  play  an  important  role  in  assimilation  and 
the  syntheses  of  the  body:  calcium,  which  is  very  important  in  the  transporta- 
tion and  combination  of  the  harmful  products  of  metabolism  (oxalic  acid),  etc. 
On  the  other  hand,  the  plant  does  not  require  any  organic  foodstuffs.  If  the 
root  of  a  maize  plant  which  has  been  germinated  in  water  be  placed  in  a  vessel 
with  an  artificial  nutrient  solution  (one  per  cent  potassium  nitrate,  0.5  per 
cent  each  of  sodium  chloride,  calcium  sulphate,  magnesium  sulphate,  and  cal- 
cium phosphate,  and  0.005  per  cent  ferrous  sulphate)  while  the  foliar  part  is 
exposed  to  the  air,  the  plant  grows  quite  perfectly,  develops  into  a  targe  maize 
stalk,  puts  forth  leaves  and  brings  forth  seed. 

Only  the  phnis  vontaining  chromophyll^  have  the  power  of  feeding  ex- 
clusively on  purely  inorganic  substances.  The  parts  of  the  plant  devoid  of 
chlorophyll  receive  their  carbohydrates  from  the  parts  which  contain  chloro- 
phyll. Those  plants  which,  like  the  Fungi,  contain  no  chlorophyll  at  all  must 
obtain  substances  already  completely  organized  for  their  food;  and  this  is 
likewise  the  case  with  the  whole  animal  kingdom. 

The  beginning  of  the  organic  syntheses  going  on  in  nature  is  therefore 
the  formation  of  starch  in  the  green  parts  of  plants  under  the  influence  of 
sunlight.  The  energy  stored  up  by  this  means  is  used  in  all  the  further  proc- 
esses of  the  plant  body.  In  plants  and  plant  parts  lacking  chlorophyll  as 
well  as  in  animals  all  the  life  processes  take  place  at  the  expense  directly 
or  indirectly  of  the  substances  formed  in  the  green  parts  of  plants.  The 
green  plants  therefore  constitute  a  necessary  condition  for  the  life  of  all  other 
living  brings  on  the  earth.  But  since  carbon  dioxide,  the  nitrates  and  sul- 
phates ro<iuired  by  plants  are  present  on  the  earth  and  in  the  atmosphere 
entirely  independent  of  the  life  processes  of  animals,  plants  can  get  along 
without  the  aid  of  animals. 

We  are  not  to  suppose,  however,  that  synthetic  processc.''  do  not  fake  place 
in  animals.  It  is  true  that  animals  cannot  form  complex  compounds  out  of 
completely  oxidized  carbon  (CO,)  and  hydrogen  (H^O)  and  that  the  animal 
body  can  utilize  as  raw  material  only  compounds  of  relatively  complex  consti- 


'  This  term,  employed  by  Engelmann,  and  adopted  by  the  author,  includes  all  the 
coloring  nutttera  in  plunts  capable  of  exercising  an  assimilative  function.  Since,  however, 
by  far  the  must  abundant  coloring  matter  is  chlorophyll,  it  will  avoid  confusion  perhaps 
to  use  only  the  one  term  hereafter. — En. 
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Tminn,  rliiff  rtiii"ri;r  l!n*tii  livinm'  pmli-iila,  fnt*  ant!  farlioliyilrittcs,  lint  fn>in 
tlii^  raw  mattTinl  Mr  nnimaJ  body  Ihia  Ihp  pnwrr  of  fnrminff  mani/  new  sub- 
glances,  notably  firing  firtjloplaxm ,  by  a  true  xt/nthcitis. 

heiide*  the  suUtaiioM  just  iwntinned  the  animal  rcll,  likfi  tlio  plant  fell. 
requirai  certnin  mineral  compounds  in  orrtor  that  it  may  dovolop  fnlly  and 
sorompli^h  ils  fiinctiouH  in  a  norniul  iiiatnu'r.  'IMuih  itbHTViilioii  on  lliu  Muta-. 
wa  hiu  pmvf)  that  the  animal  hAy  is  c'mtiniuilly  jiiviris  "(T  "Urh  nubstAneet 
in  it«  excretions,  and  would  npcreaarily  become  impovLTislied  in  tins  respoct 
if  lliij  piipply  were  not  sufficii'nt,  Kven  in  grown  animals  very  profound 
di^tnrltanrTs  ensue  ns  a  mnscquenre  nf  «itrh  failure  of  mineral  sniistanres, 
wliich  ultimately  end  in  <li-a1h.  1'lii>  t^rowin^  t><"l>  huK  a.  relalivi-Iv  much 
(Trealer  nwd  of  inorjpinic  compounds,  for  such  sultetances  are  absolutely 
ncoeBsary  fur  the  conslriictian  of  ilg  organs. 

Among  IIk'  niinrral  piihwlances  contained  in  the  fluids  of  (he  animal  body, 
common  j^lt  { NaCi )  conios  tirsl  in  order  of  quantity.  A  solution  of  coititnonl 
colt  alone,  of  a  »trength  corresponding  to  its  mnwniration  in  these  fluids 
(0.1M).fl  per  cent),  is  in  fact  ^utlicient  to  maintain  a  frogV  iniiwle  or  a  frog** 
hatit  in  funellonal  pondition  for  a  long  time  nfler  its  removal  from  the  hmly, 
whcreai'  an  pxiwcted  heart  will  not  tKnt  in  a  solution  where  NaCl  is  wanting 
( Single  )■ 

In  a  iiolulion  eontnining  only  NaCI,  however,  the  i^ontrnctions  of  the  heart 
gradiuilly  cea^,  although  they  may  l>e  mused  again  by  the  addition  of  CaC'l, 
in  Dmall  quantity.  The  addition  of  KCI  i^  likewise  heneflrial :  Iml  whereas 
the  Oa  sj*lt  is  favoraltlc  to  the  rontracUim  of  tlie  heart,  the  K  salt  apjuear* 
to  bo  im]>ortanl  for  itn  rrlnrMinn.  The  heart  heatc  Iw-t.  therefore,  in  a  nulri- 
eot  fluid  in  irhieh  are  contained  <.*a  and  K  a^  well  as  Na  (Ringer,  Howell  and 
iSTeral  other  authors).' 

AnAlofcciioi  [thiiiompttn  appear  in  other  orffanB,  A  "keWal  niiiwle  of  the  frof^ 
fenii>ini»  nlive  ..utHidv  the  b4>d>'  loiiiier  if  CiiCl,  if  added  to  the  NnCI  suliirimi. 
Il  )■  B*»erted,  ui  U-hhI  for  smooth  muscles,  lliiil  the  L'a  Hall  favore  the-  ei-nlrac- 
liou  pMet-f^H.  and  KCI  ilic  relnxaliim.  just  as  in  the  henrt.  The  vKti  of  Ftindulvt 
ilrrrloiM  in  N'at'l  solulinn  only  when  (%iCI,  in  add^  (Ijovb). 

In  ihr  pri4i<iit  HtMie  nf  our  kiiowtediie  of  ihiH  HubjetTt  il  would  be  premature 
l»  etinelude  that  the  metuU  just  diBcuoned  have  the  itamo  swoepiufc  imiMirlMiiCA 
fur  all  animal  wlW  A^  a  mailer  of  faet  data  are  al  hand  whieh  show  that  nu'-h 
a  (Tcnrrnliailion  if  nor.  warranted.  Thun  thi'  vihralioti  of  llaKelln— c.  jr.,  in  the 
ap<Tmiiio7,ikn— and  cilia  of  both  verlohmtes  and  in  vertebra  le^.  is  entiwly  iride- 
(tendent  of  Nnf'l  in  the  )>urroun(litia  fluid.  The  aamt'  if  true  of  the  eontrnelile 
tttalk  of  Varlir«U$i  (Fijr.  2S1  niid  ri-liileil  Protozoa  (Ovorton).  In  v(-r.v  .younK 
larne  "f  Arftiirofn  rrittnta  sotutionH  er>iituiiiiiifl  C'aCl.  f«%-or  niuM-niar  movc- 
rornl-s  while  «>duti(in)>  eontninint;  I^IkCI,  favor  eiliary  movements.  Pure  Nat'l 
■Dlulioii<i  are  mueh  more  hartnfiit  for  the  latter  than  for  muscular  movemenlH; 
Na-frM*  •mlutionii  Ptop  muscular  mnvcmentti.  whcreait  rilin  n?matn  active  in 
ihese,  and  are  qaite  unaflleeted  by  pure  CaClj  or  M(rCl,  (Lingle).  In  thia  con- 
nwtion  Bhould  l>e  mentiimiil  aUo  the  facFR  brought  out  by  OoldbtTRer  that  cor* 


*  A  lolutiMi  cflpeeiolly  well  adapt^-d  for  fredinic  an  pxriw><j  mflinmulifm  lienrt  m  tha  fol- 
lAwms:  rtRht  ppr  «-«!iil  N«CI.  0,075  p.- r  rent  KCI.  0  1  [wrwnt  CaCl,,  0.1  per  rent  NHOOi, 
and  aalunUMl  wilh  oxygen.    (Compare  tbo  compwition  of  tba  blood  aafa,  Chapter  V.) 
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taiii  Cfl  snlts  which  have  so  fflmrnblr  an  influence  in  the  hiRlicr  aninaalA,  are 
poiiMiuouH  fur  IIh-  I^rotista,  while  dllitr  Ca  salts  art;  harmless  f^jr  theiii, 

Bn-sidfs  lUu  I'li-'iiiL-iitu  jupt  nn'iiliiincil  (\h,  C«,  K  imd  V\)  mh<1  l-hitse  ccju- 
taiiHi]  ill  llic  pnjteidM,  fatii  and  (•Hrbi>h,\drales  (C  II,  O.  N.  S.  P).  there  are 
Brill  It  if'-w  others  whieh  arc  just  as  neeesaary  fnr  ihe  animal  htidy.  First  amtHig 
these  are:  Mr.  contained  with  the  Ca  in  the  solid  framework  *if  th*-  bimw;  h'v, 
which  Ik  iufcssary  fur  (lie  Forniiitiuu  u!  the  coluriiin  iiiutu-r  In  ibe  red  cvr- 
piisrlcs;  Olid  I.  which  is  a  ncccsaarj'  constituent  of  tht  suenitiuu  of  the  tlij-ruitl 
(rlnnd. 

In  all  processes  of  fixximifaf ion  ia  nature,  whatever  their  kind,  fnfrgy  is 
.iltiri'H  tip.  Afi  n  measure  of  the  onerfr>'  ennlalnrtl  in  a  pnhrftaiirc  we  nse  the 
ntnounl  of  heal  iieveli>|)ed  hv  its  er>mbli-*tion.  f'arlinn  (lio.\iilc  and  water  are 
not  rmnlmstible  rtuhstancti-'.  lint  starch  prodnccd  frnni  thorn  generates  a  con- 
Hiderablf  (|iijintit_v  (if  lieat  when  it  is  hnriicd — ]fris(;i'is,ti's  IInTcffire  a  curtain 
i[UuMlil_v  of  polt'nlial  (.■uer;:^.  iimnuntin^  ui  fact  Iti  ahout  4.1  Cal.'  per  (;ram. 
This  potential  energy  is  derivtid  from  the  snnlieht.  wliojie  kinelie  encrjzy  hn« 
\m-n  irancftirmcd  under  the  influeucc  of  ehlorophyll  to  ilie  pott-nlial  energy 
of  utarch. 

When  a  Kvnlhesis  taken  plaw  in  a  living;  cell,  if  iln'  niHiwrtry  encrjry  is  not 
siippliud  fr'im  uitli'jut  as  in  utareh  fonnaliou.  the  "vnthcsis  eaii  only  he 
carried  otit  at  the  rapense  nf  potential  energy  j'torL'd  in  the  eell  tNelf.  In  f>lher 
wordtf;:  in  all  synthetie  prniv^^tei^  taking  place  In  plant  cr  aiiiuial  eelU  without 
the  fl^roncy  of  sunlight,  the  potential  ener^jy  at  the  dijipo-ial  of  the  eoU  ia 
trani^fitniic*!  in  one  way  or  another  into  the  potential  enei^y  of  the  newly 
fonni'd  «iil»slaiice. 


The  assimitaiive  funciions  of  eells  are  cloiwly  bound  up  with  diBsimilative 
fiinetloDH — i.e.,  if  the  mjII  has  not  the  power  to  develup  kiiit.-tic  eiiewy  within 
itself  no  new  formation  of  t^tihstanee  nppciira  to  take  placi' — and  convcrst-ly, 
the  more  ru]tid  the  di«similnnvc  prnccsfi.  the  mort  iR'ti\*e  is  the  AK«iniilnti\'e 
prtio»i«».  Nfilht-r  pitmt*  nor  the  epfrs  of  animii]»  oati  develop  continuously  without 
oxygen.  aj«  wiw  tletermiiied  suece^xiveiy  by  SpnllnnxMtii.  Dutriiebct,  [)■■  Saiiiwinre 
and  Sfhwnnn.  In  Ibe  ckw  "f  Cffnolahruf.  a  marine  hniiy  fich,  the  cleavage  «'Us 
underBo  partial  soKitioii  and  fuse  lofreiber  when  oxyifen  is  withdrawn,  but  an- 
reformed  when  oxyifcn  i»  again  8uppli<-d  (Lf.>eb).  Possibly  m  this  coniir<'tioM 
bi'liiiifc  also  the  facts:  that  (crowlli  in  always  aceompanied  hy  dissimilation,  and 
that  skeletal  muscles  inercuse  in  size  only  under  the  iiiHuenc-e  of  work  (involving 
ditwimilalton.  ef.  pnuo  *^'i}. 

B.  The  flisMniihlivp  firocrsses  conntitute  the  nouree  of  the  kinetic  energy 
developed  in  the  eells.  Thew  processes  in  plant  as  welt  as  in  niiinial  cells  are 
ewrywliere  u»M->ulinl)y  similar,  and  i«nsist  in  a  ilfxirutli'm  of  cmnphx  mote- 
(■uhit.  Whether  this  destruction  involves  the  living  siih<tanee  of  Hie  cell,  nr 
ouly  the  nonliving  eell  ctHitents  cannot  yet  1m?  definitely  decided,  ruder  tliv 
general  subject  of  inetabolit^m  we  shall  find  np]>ortunily  to  discuss  Wni'  que-ition 
somuwtuit  more  cxliaustivcly.    Here  we  luit^t  limit  ourwlvcs  to  the  following: 
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I,  The  alwm'-nu'ii tinned  rlcwIriK'tion  in  a  niajnrily'of  caucs  ii-  an  oxidniion, 
that  if,  A  rnmbuslion  of  iho  sulistrtnce*  c-allod  orgniiin  fooilstiitfs — jiititoiil,  fal 
aitii  cjirliohydralo — nt  tlio  diiipof^al  nt  i\w  cell  ( Ijavoitiier,  KV?).  This  is 
pruvud  1)^  thu  fai:t  tliat  all  auiiualK  produce  carbon  UioAicIv.  and  Ihat  Ihcy 
tuocumb  iu  a  ciliort  time  in  the  absence  of  oxygen.  Siuc-e  a  plant  under  the 
inHuonc«  nf  sunlight  lias  the  (wwer  to  rtnluce  carbon  dioxide  and  jiot  oxygen 
free,  it  follovs  that  under  suitahle  ci  ream  .stances  plants  and  aniriinlii  can  live 
if  they  be  kept  together  in  a  closed  rnoni ;  for  the  cjirbon  dioxide  formwl  by 
the  aninnaU  is  reduced  by  the  plant"  with  the  liberation  of  oxygen ;  and  tfius 
eaeli  receives  the  gas  inoist  useful  in  its  life  proecftses. 

Anil  yet  ve  arc  nn|  tn  Knp[Mw>c  that  Ihe  plant  dnet^  nnt  form  any  enrlKin 
dioxide.  On  the  contrary  the  plant  protoplasm  in  it.s  production  of  kinetic 
rtiergy  bchatei*  0\aptlv  like  the  animnl  prntoplnfttn  and  produn^  cjirlwin  dioxide 
in  Ihe  iMune  way.  The  pnKhiction  of  eiirlH>ti  dioxide  in  gn-en  plants  in  the 
light  is  mai^ked  by  the  much  more  ahnndnnt  reduction  of  carbon  ilin.\ide  going 
00  af  the  name  time;  in  Ihe  dark,  however,  where  the  reduction  prncesses  arc 
checked,  it  in  plainly  perceptible. 

In  the  deeoiiipoftition  brought  almut  hy  the  ntal  activity  the  eornhu«til)le 
sabstanees  are  not  broken  down  inmiediatelv  inio  their  end  products;  hut  the 
complex  organic  molerules  are  split  up  gradnnliy  into  le(^»  nnd  less  complex 
once,  oxidation  nnd  re<]uption  proeejifses  probnbly  taking  place  in  rapid  uuc- 
cesBion  (DreehBcl).  FinalJv,  theM?  intprmediate  dtx-oni position  products  are 
trani^fonned  into  substances  which  leave  the  body  as  the  end  products  of 
metahnliimi. 

If.  The  fiVin^  tvU  tUftf  rpf/uhteg  {he  nmourtt  of  ortifi^n  roMumftt,  romhna- 
tion  in  the  t«>dy  In-ing,  within  wide  limit*,  entirely  indepemlent  of  the  partial 
preBBtire  of  the  nneonihined  oxygen  (Pfliigor). 


In  addition  prot(>|>tji»m  has  Ihe  power  to  s'orc  up  oxygen  in  compounds  in 
which  it  i«  liKwi'lj-  held,  and  fnmi  which  it  niuy  Ur  wilbiirawn  atenin  in  caw-  c»f 
no«l.  This  IB  wilnwtwd  by  Iht?  fnet  ihnt  eclU  ran  (Icvokip  kinetic  etifTgy, 
thouKfa  in  seneral  only  for  a  relatively  short  time,  withnut  a  supply  of  free 
OJtym'n  from  niittJde.  In  certain  cases  this  happt^ns  even  at  the  exiwnse  of 
nnnpound?  which  rontoin  oxytcvn  fimdy  bnuiid  up  (.■hf-inirnlly  anti  wbi<'h  cannot 
b*  deoxldli^l  with  i>ur  Htnmmi*!  rwlut-iiiK  am'Uts.  Wu  have  exami>lc«  of  Mirh 
phenomena  in  the  Myxomycctes  wliirh  eoniirnic  tlieir  movements  for  thrpc  htiura 
in  an  uxymni-fn-e  rnolJum;  in  ciliated  c<-Ils  which  cun  live  atill  b>nger  without 
oiygrn;  in  the  Bki-Ictal  musrlcs  which  contract  and  Hire  off  carhon  dinxidc  even 
in  a  vnetium.  The  mawwomi.  AscarU,  can  live  five  da^'s  without  a  supply  of 
oxygi-n  ( Bunpc).  In  Ihiji  caw  there  occurt)  in  the  iMxIy  <>f  the  animal  a  pnx-eai 
flf  frrmf-nlatiim  by  vrhicb  CO,  and  a  mixture  uf  viilerianic  acid,  capntic  acid. 
etc.,  are  fomuil  fn^rn  the  fflycuBcn  stonn!  in  thi>  nnimal'a  tissues  (Weinlnnd). 
Hrn*  Fihould  U'  mmiiunwl  alsvi  the  lilHTiilion  itf  oxytfun  by  hen's  egga  during  the 
fiml  tivn  hour*  of  their  ineubniion  lIInssdbHVIi), 

A  vrry  pretty  ex|jerinn'nt  mi  the  life  of  hifihrr  animals  in  Iht  ahtrncf  of 
oTVfffn  it*  ihe  followintr  which  we  <nve  to  i'tliigcr.  At  2.44  <jVI«H'k  two  frofta 
wtvp  plarcd  in  an  atmoxphcro  cooled  to  about  0^  C.  from  which  ever>'  trace  of 
ojtyjjen  had  lir«n  carefully  remnvcd.  At  three  o'clock  they  i»h<»wed  the  most 
pn}T>ounced  dy*pna?a  but  no  convulgionB.  Tbey  soon  became  motionlem.  as  if 
K     they  wishiiTby  suppresaion  of  their  rauvumentJi  to  obviate  the  ueed  for  ozyicen. 
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From  time  to  time  they  wandered  about  the  cage,  raised  their  heada  and  occa- 
fiioiiaily  gasped.  At  eight  o'clock  they  had  become  still  more  quiet  and  were 
visibly  very  much  exhausted,  but  on  pricking  them  with  a  wire  they  still  showed 
indubitable  signs  of  physiological  integrity.  On  the  following  morning  at  nine 
the  frogs  lay  quite  motionless.  Even  the  most  vigorous  stimulus  failed  to  pro- 
duce any  trace  of  reaction  and  there  were  no  signs  of  respiratory  movements. 
At  ten  after  a  duration  of  seventeen  hours  the  confinement  was  terminated  and 
oxygen  was  admitted.  When  after  two  hours'  exposure  to  the  atmospheric  air, 
and  after  repeated  inflation  of  the  lungs  there  was  no  sign  of  returning  life, 
Pfliiger  opened  the  body  cavity  of  one  frog  and  found  the  heart  still  beating 
with  great  energy  and  the  arteries  full  of  remarkably  bright  red  blood.  In  spite 
of  this  there  were  no  muscular  movements  for  five  or  six  hours.  Refiex  irrita- 
bility gradually  returned,  and  spontaneous  respiratory  movements;  but  coordi- 
nated movements  such  as  are  mediated  only  by  the  higher  nerve  centers  did  not 
reappear  at  all. 

3.  Finally,  certain  organisms  of  the  lowest  order,  especially  some  of  the 
Bacteria,  can  maintain  life  permanently  only  in  the  absence  of  oxygen  (ansero- 
bic  Bacteria.  Pasteur).  The  yeast  cell  furnishes  us  some  information  concern- 
ing the  way  in  which  the  energy  necessary  for  the  functions  of  these  organisms 
is  liberated.  This  organism  can  maintain  life  for  a  long  time  without  air 
and  can  develop  considerable  activity  which  displays  itself  notably  in  the 
alcoholic  fermentation  of  sugar — i.e.,  by  splitting  grape  sugar  into  2(C02) 
and  :iJ(CjH,0).  Since  now  the  calorific  energy  of  the  alcohol  formed  is  less 
than  that  of  the  sugar  destroyed,  a  certain  quantity  of  energy  is  developed 
and  is  placed  at  the  disposal  of  the  yeast  plant  (Hermann,  Kiihne). 

In  the  dissimilatory  processes  of  the  cell  the  nutrient  substances  at  its 
disposal  are  gradually  consumed,  and  if  no  supply  from  outside  is  kept  up 
the  cell  must  of  course  die  of  hunger. 

The  changes  appearing  in  the  cell  body  when  it  is  deprived  of  nourishment 
have  been  closely  followed  by  Wallengren  on  the  ciliate  infusor  Paranuecium, 
During  the  first  days  of  starvation  all  the  food  vacuoles  and  food  masses  dis- 
appear. Thereupon  the  small  granules  present  in  the  protoplasm  are  consumed, 
and  the  endoplasm  consequently  decreases  in  quantity.  At  the  end  of  this 
period  the  living  substance  of  the  endoplasm  is  itself  probably  consumed  in 
part.  In  spite  of  the  more  or  less  profound  changes  in  the  form  of  the  body 
thereby  produced,  the  ectoplasm,  the  contractile  vacuoles  and  the  cilia  are  still 
not  influenced  in  any  noticeable  way.  During  this  period  the  activity  of  the 
last-nametl  ."tructures  is  maintained  by  material  supplied  by  the  endoplasm.  With 
further  inanition  the  endoplasm  becomos  much  vacuolated,  the  ectoplasm,  as 
well  as  a  large  number  of  the  cilia  become  more  and  more  absorbed,  and  the 
mac  roil  ud  ('US  is  finally  attacked,  while  the  micronucleus  remains  comparatively 
untouched.  At  last  the  point  is  reached  where  everything  which  the  cell  body 
can  furnish  as  nutrient  material  is  consumed,  the  living  substance  remaining 
is  itself  exhausted,  and  the  cell,  fallen  into  granular  disintegration,  perishes. 

C.  Temperature. — Since  temperature  exercises  a  very  profound  influence 
on  the  various  artivifies  of  cells,  it  will  be  appropriate  to  consider  it  in  this 
preliminary  survey.  We  may  safely  assert  that  for  every  cell  there  is  a  definite 
temporalnro  which  is  most  favorable  to  its  life  processes.  The  cell  perishe.s 
if  the  temperature  passes  beyond  certain  limits,  although  these  limits  differ 
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vilh  difTerent  vellt;  au<]  may  be  gradually  cliangt?*}  more  or  lew  for  each 
jMirTit'ular  (*U  by  tminiDg. 

For  most  animal  am]  plant  cells  Iho  upper  limit  of  tfrnpfrntttre  compiitilile 
with  life  IS  from  40°  to  iV  C.  Tliey  t\ie  it  they  lie  Rubjected  even  for  a  short 
time  In  a  temperatnrp  a  little  higher  than  this,  owinjf  partly  at  least  to  the 
onagulation  whicli  lakfs  plan*  at  ihis  teinjKTalurt.',  Ami  yet  there  atv  cflla 
which  an?  ablt*  to  endure  a  conMtlerably  higher  temperature.  In  the  hot 
springs  of  l.tchia.  Algie  liro  at  a  If^mpcratiirc  of  53°  C.,  and  it  is  said  that 
lietM'tvn  the  fllanienl^  of  OnriiUiria.  rilint«>  Infu^^oria  and  Kotaiorin  tiiir^ive  a 
temperature  nf  81°  to  85°  C.  (Khrenherg),  Many  Bacteria  thrive  at  a  teni- 
peraliiru  of  50' -55"  C.  or  even  as  high  as  72"  C;  and  still  more  residti^nt 
afrnirul  heat  are  their  spores,  a  dry  heat  of  MO"  C.  niainlaiticd  fur  at  leasl 
thrre  hour:;  boinf?  nccesnar}-  to  dwttmy  life  in  them  with  ahwiliite  certainty. 

Witii  re;nir»l  to  the  Unver  limit  of  irmpfitUnri'  (MtnpHtit)le  with  life,  if  has 
bei'n  found  that  Amu-ba;  plated  upuii  ic-e  will  cease  all  moverucntri  aiul  remain 
quiraecnt  until  the  lemperuturc  i«  rHisi?(l.  If  l]()wevcr  they  be  frozen  up  in 
ups  of  wnlor.  warminR  foiU  to  revive  them. 

A  temperature  U'low  0°  C.  is  not  Herfuxarili/  faial  for  the  cell.     Pictet 

rnml  with  «'rlainty  Ihnt  fish  ttliich  had  bw^n  cfxilwl  In  a  hliK-lc  nf  ii-c  to 
—  15'  ('.  survived  after  carefully  rai(iin>;  llie  teuiiwratuR-.  although  their 
eompanion«  while  frozen  eould  W'  reduceil  to  powder  like  ice.  Fish  which 
were  nmlnl  to  —30'*  V.  conid  not  he  revivetl.  Vn^^  survived  a  teuiperalure 
of  —  'iW  C,  and  uiyriopods  —  51)"  C.     Seeds  of  cereals  do  not  \o*^  their  [mwer 

■  of  f^niination  if  lliey  lie  subjected  for  a  Ion;:  time  to  a  lemperntun'  of 
—  AV  ('.  (C.  de  Candulli*).  Clintera  tipirilla  ami  autlirax  .■'(Hin^  itia  Ih-  kept 
alivft  for  from  twenty  hours  to  seven  days  at  the  temperature  of  liquid  air 
(  -  1R3'  to  —  192°  ('.).  Ind(*cd  one  species  of  fiartrrium  {li.  phoHphorfucetu) 
wirvived  a  period  of  ten  hourw  at  —353"  ('.  (McKadayen). 

^Onf  would  suppow  a  priori  thfit  nt  a  t£-mpepflture  so  low  that  the  protoplasm 
beeoiTH'*  rifrid,  life  niunt  hv  Ifni|i"rarilj-  nu-tx-iiJi-d.  AworflinK  t"  the  experi- 
Buiit  with  thi.'  fipth  f^tntcd  almvi?  thiK  dues  tint  appear  to  be  enrrvct,  for  in  thia 
MMc  it  u-ituld  be  a  miuter  uf  iiiditfereiiet*,  so  far  as  external  siiriis  ru,  whether 
B>  !«n[jerature  of  n  frozen  lisli  were  -  15"  or  -  20°  t'.,  and  yet  after  coolinff 
to  —  20°  it  die«.  If  life  were  aclunlly  HUspetided  at  -  15°  it  wnuld  he  difficult 
I  to  uoderetand  why  a  further  loweriug  of  thf  u-m|H-rature  bun  aii.v  <rff(*t.  In 
Buy  caw  w«  may  »»y  that  at  tlie^e  I'^vi*  lriii|ieni lures  life  pnH'Ci'we-s  ore  n-duc^ed 
to  the  minimum. 

If  tlK'  chemical  conetitution  or  (he  temperature  of  the  surrounding  medium 

bn  allerrd  and  ihc  cell-i  continue  to  live,  various  chan;^>a  in  their  properties 

ly  lie  indnceil.  which.  ui{>eeially  iii  the  pallioge^ie  micmorpuiisms.  are  of 

It  importance,  liecfluse  the  ilegrrf  uf  their  virulfne»>  may  Ik-  Ihi-reliy  in- 
rreaiicd  nr  diminished  (Pa^ti'ur).  The  protective  inoculation  intrtMluced  by 
I'o^irur  w  InijmnI  upon  these  faetti. 

After  tKi»  ^n-neral  discuission  we  shall  now  proceed  to  the  different  mani- 
fextnlionn  uf  life,  taking  up  in  order  the  intre^lion  of  food,  digtftion,  the 
oxidative  proeesM^.  the  elimination  of  decorapocilion  pHxlucts.  the  seeretiona, 
and  Gnally  the  phenomena  of  motility,  production  of  light,  formation  of  he«(, 
•mi  thi'  generation  of  electricity. 
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B.   THE  OTGESTIOIT  OF  FOOD 

It  IB  jwlf-iH'itlcnl  lliiH  Ilie  iiuiliiini  in  wliicli  I'li'imntarv  orfnnr 
must  CODliiin  all  tin.'  nntriwit  siilihlanms.  incliitiiiifi  ".yvgeu  aiu3  wat<*r,  ihh^-b- 
sarr  for  thoir  jiiilisijileiice.  Itf^^ides.  different  lvIIs  hnvo  very  difftTcnt  nt|iiipp- 
roenls  with  rrsnect  In  ihp  rhfmical  oonsliHition  of  the  mt.>dJtim,  and  these 
peculiarities  are  conditiunttJ.  in  jmrt  ul  least,  upon  the  herediUr}'  trait*  o( 
llio  specie*. 

CVrtain  unic*'lluUr  nrpanisniK  nre  ad!i|>tcil  fc.r  lifo  in  fresh  ivntrr.  others 
fur  life  in  salt  water.  M<it*t  of  ihcni  die  if  th^-y  be  placwJ  in  ilii^rillc-il  wiit<?r. 
Likewise  if  tht-  uht-'niieal  cuIllput^itiuu  of  the  medium  in  whii-li  the  ceUn  live  be 
chunked  »udiIeiiLy,  they  die:  but  if  llie  rhuriKi^  tnku  |ilui:o  KriHlitall,v  uiid  i^luwly, 
the.v  oaii  adapt  Ihemwlvtw  to  the  Dllered  nature  of  the  miijium  and  (■oiitiniie 
to  live,  ITow  Kii^iit  A  chfinKc  nuiy  It*'  mmlf  brforo  fli>*lurl)iiiiccs  in  llie  vital 
uftivitit*)*  of  the  t'fll  ajJinjur.  depend!^  piirlly  nt>"iii  lln-  iiiilure  i>f  tliw  <^cll  and 
portly  up+ni  the  suhstnner  mklid  t-j  llif  nii-dinm, 

Thut  even  in  tht-  hiulnT  uiiiiiiuls  mid  ninn  the  properties  of  the  eellt*  are 
altrred  by  n  ehuni;r-d  eom|i(k-titi*)ii  of  ihi:  lymph  follows  directly  from  observa- 
tion* on  disenses  chnrncteriEed  by  ehronir  iiitoxiealinii  (,e.  g.,  aleoholi.im, 
morphiniAiii). 

In  innllirellular  aiiitiiali*  the  cells  are  IjHthed  hy  a  fluiii.  tlie  lymph,  which 
represi-nls  ttie.  mfriium  in  which  ifify  live.  If  the  lymph  is  to  he  ailtiptod 
to  itn  purpose,  il  niuril  ccinlnin  in  the  tlrjft  plaee  all  llu*  >:iibstflnces  neeL'tisary 
for  the  noiirishineiil  of  the  celU,  and  mu»t  possests  aluo  the  oilier  n«ce»«ary 
cht'Miieal  and  pliy-iieal  prufucrtie!?. 

Lymph  Ik  diidinjfuitilHfl  fnmi  IhoHt!  miMlia  in  whieh  unicelltilar  organisms 
IIto,  by  iH-in^  inttnsed  wilfiin  the  body  and  by  beiti^r  fnrriied  essentially  throuifh 
the  aetivily  of  the  celiri  themselves.  The  ipiantily  uf  lymph  if'  not  unlim- 
ited, for  the  (-upply  of  uulrieut  rjintLTialf;  and  o\ypen  whieh  it  eontains  at  any 
given  time  ).•*  sonn  use<l  up,  and  their  place  is  taken  hy  decomposition  prod- 
ucts which  arc  harmful  to  the  body.  Btit  in  order  to  tnaiutjiin  life  in  the 
Meta7/ja  il  h  neri>ssary  in  the  first  place  tliat  the  lymph  ^liall  I«e  always  of 
nurniid  eoiii^lihitiofi.  To  ihis  end  many  organ?;  of  the  body  ^operate,  each 
hfing  adnpt*Hl  for  a  special  purpose. 

Kxpi-rii'iicv  Iwic'be^  us  that  in  jrenerul  n  wpecial  fuiietlun  eiiniiot  be  carried 
oul  \>y  a  Kindle  orKnii,  but  n-iiiiircs  the  coopcratioii  of  scvernl.  All  iho^'  onraiis 
whieh  tojicther  accomplish  a  definite  purpo.'w  are  de^inuiited  ns  nti  nr^n  system 
or  uppiirutn^t. 

In  ordi-r  that  the  lymph  may  servi^  u*  lli4-  jnmJium  fur  tlte  vital  activitie* 
of  the  wits,  il  Miiiitt  iiiiiUiiii  bcsidw  water  ccrtaiu  eumbustihle  substances  and 
certain  niim-ral  cnslituvnls  (all  of  wliieh  iiiv  coiiipn-hcnded  wilder  the  name 
fiHnUtutTs)  luid  oxyircn.  Xcilhcr  iho  fcnidsluffs  nor  ihe  oiiygen  eomp  dJrcvtly 
into  the  lymph;  lo  brinj:  ihcm  (here  not  less  than  three  or^iiti  sj-stcms  must 
cuJijierate:  namely.  (1)  the  circulatory  »y%Wm,  (2)  the  digestive  system,  and 
(3)  the  rc»]iiratuo'  system. 

The  object  of  the  circulatvry  auMem  is  to  supply  the  lymph  with  nutrient 
Bubslanees  and  with  ox.^vn.  The  objtvi  of  the  tligesi'w'f  Hi/nffm  is  to  lake  up 
the  fDotlstnffs  necessoD"  to  the  maintctiancc  of  the  body  and   lo  ciianK*^  them 
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M)  tliflt  itiey  inii.v  Im-  tniiittfern*tl  to  ibc  blond.  The  rfHpirntitrfi  snatem  supplios 
tbf  iiliMxl  wilh  ihp  nxyp-n  m-fM-ssar^-  for  rombusliun  in  ihr  h<ni>'. 

Thr  tlccomixwition  pTxjilucts  arising:  fmm  onmbufttion  idiiai  ii<)t  romiiiti  in 
ihf  l>'iii|»h.  iKJt.'ait**',  if  (Key  did,  they  would  finally  jioisnii  the  eelli*.  They  iniiat 
thrrvfon!  bo  rpmored  liy  lunt^iiicc  tin>t  into  Ihv.  blund  untl  llirnuo  out  of  the  body 
tbruu^li  tlip  fTcrftorn  organs. 

Ill  onk-r  tliHi  rtu'rtf  iircN'iviinry  fiiiietioni*  <)hfil1  W  direct^  to  the  proper  ?nd 
of  niuinlainiiiK  life,  tht-y  nrc  nil  siibordinatiij  tv  the  influ<?ncp  of  tht?  tifrvntit 
•V«f'm  wliowi'  iiit]t(tr1iiii1  nbjt'fl  il  h  t<i  ccutnil  the  itkiihh  niid  to  rt-tnila't-  their 
fuiu-l imiH.  In  iiddilion  to  thit^.  in  the  wiirm-bltuHkHi  aiiiniBli^  a  ronttnnt  hoiffi 
itmprralure — i.e..  a  ooutituiit  tt^miirrAturc  of  ihc  lymiih  is  iDHiiilniiu'd  Ihrtmi^h 
ihr  intlii4>n<v  of  the  nrrvoiis  system. 

1.  (Vlls  cmiiiilvlply  f^iirrouiidwl  N_v  nioiidnniKs  ran  (akc  up  only  gn»eoua\ 
and  iiia»olved  (*iilw.tiiiKTn.  The  i>nx't"*i*cc  conceriutl  in  llio  al)Aor|ilion  of  K&f>cA 
hv  the  flemcnlary  organisms  arv  hut  tittle  Icnown,  and  Ifie  phennmcna  atvom- 
panyint:  tlu'sc  prmi.'SM's  in  Ihc  hifiht-r  animals  nn*  Fully  liisciissi'd  in  I'hapler 
IX.  Our  knowlodjii-  hnw  projrre>»*-d  Mimcwhal  further  conc-cniin;;  itie  absorp- 
tion of  t1llid^  and  i-(iin)i<uin<U  iti  snlntictn.  and  i^inre  tliP  |ili(>Tioiiirnn  nf  nt^inoi'LS 
irr  pmniinpntly  in  this  c«inuectiou,  it  (^ecMns  best  t«  diwui*  them  here 
vhiii  in  detail. 

rtniji. — \Vlicn  R  laypF  "f  i>iirp  wnirr  is  cnrcftilly  slrntitit-d  u(«>n  a  suhi- 
>.  S;  siiRiir  ill  wuti-i--'  ihi-  lu.vcn^  do  not  n-nuiin  tti'piiratc.  Thi>  suRnr  beRins 
■t  oiMV  lo  riw  in  spitp  of  tbf  iarw  nf  frravity  and  to  diffiiiir  iniii  ihe  water;  and 
ihe  moTi-nH-nt  wnaes  only  when  tht-  oufrar  is  distribuKxl  unifonnly  thronghoiit 
Xhv  wh'de  VDlume  of  water.  The  samf  thiiiir  oei-un*  if  the  water  and  the  »u|iar 
B»luli<'ii  an  NeiMnitcd  by  a  partition  which  \h  nitiaJly  t>crnieable  for  both.  The 
tUKHtlvcd  NuiMtutiiH?  pa.H.'^es  from  the  place  nf  hijrher  eoiicentralion  to  the  place 
of  lower  o^ineTOlrNtiun  jui*t  aa  if  no  wpamtiiifr  mcTTibrnnc  won-  priwnt. 

l^uile  a  different  order  of  ihinK*  jireviiils  if  liiiween  the  water  and  the 
Intion  a  partition  \%  interpnoed  whieh  hIIowx  the  w:iter  but  nol  the  d!»uwdvedi 
ihnlnnee  to  pHM  thmuRh.  Such  "  aemipernicable"  wfilU  are  obtained  by  soak- 
inic  «  |>urui]9  clay  ci-ll  in  a  Milution  nf  (■opiH>r  Knlphute.  carefully  iKiurinR  thiw 
out  and  tiJlinii  the  <vl1  with  a  solution  nf  pntn.'^.Hium  ferrocyanid'C^.  There  is  then 
fortnnl  within  and  upon  the  rlay  wall  a  coherent  layer  of  copper  ferrocyanide 
ihmuKb  whieh  water  ran  \w  fillereil;  hnt  if  one  nitetnpt  to  filter  through  it  a. 
suKiir  Mohitioii,  »  mueb  higher  pressure  ia  rv<iuin'd,  and  what  fiuully  cum«sj 
tlimuKh  18  nut  the  supir  solution  at  all  but  pure  water. 

If  a  vkW  prt!pan-d  in  this  way  be  filled  wilh  a  !<Ufirar  aulution  mud  be  closed' 

nwans  of  a  stopper  through  whieh  ronnertion  ii^  inade  with  a  mammieter, 
•JBd  tbr  cell  then  i>e  plaecd  in  pure  water,  an  incrcuKe  in  preasun:  inside  the 
eell  U  notieeil,  whieh  finally  rinea  to  a  definite  maximum  vahie.  Thia  value 
rrprfwents  ikt  o»molir  prntturr  of  Ihr  fliiiti  inniJr  Ihr  celt,  and  i»  equal  to  the 
IT*"  preKsure  which  would  be  exerted  by  ihc  aamo  quantity  of  fURar  in  the  form 
»(  a  TMifur  inelcwit'd  within  the  »ame  spatH?  at  the  sauio  leinperaturc.  For  a  ono-, 
prr-c«nit  Eolntion  of  eiine  tiuirar  nt  13.7°  ('.  the  osmotir  presflurc  amounts  to' 
OMtl  atiDosphci^^.  A  four-pcr-eent  sugar  solution  raises  the  pressure  to  2.74 
atttwjM|ibtfres. 

Since  there  iH  no  membrane  which  h  Kiuipenueablv  for  all  8ub»tane<«,  it  ia 
txetafary  to  rt?anrt  to  indin^'t  meihcMls  nf  dett^nninine  the  nnniolic  pri'SMire  of 
aome  aolutiona.  One  mch  method  whieh  box  found  witle  applieation  botJi  in 
IiAqrnolnKy  and  tnvdicinc  h  ba«ed  upon  ibe  fact  that  in  a  watery  solutioo  ib»^ 
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ilittHolvitl  HiibMtfliicc,  p.  g.,  Bait,  exerci»ea  a  restraining  influence  on  the  freezing 
(if  till'  water  and  consequently  lowers  the  freezing  point.  The  cause  of  this 
n'ktraininK  influence  in  that  the  particles  of  salt  by  means  of  the  attraction 
ihey  I'xereinc  on  the  i>articles  of  water  tend  to  prevent  the  latter  from  cohering 
with  one  another,  i.e.,  from  passing  into  the  solid  state.  The  greater  this 
attruction,  (he  more  difficult  is  it  for  the  water  to  be  solidified,  and  the  lower 
must  ho  tho  temi>praturc  before  this  change  of  state  can  be  brought  about. 

The  lowering  of  the  freezing  point,  which  is  designated  with  "  A,"  is  there- 
fore a  nn'iisure  of  the  osmotic  pressure  (P)  of  the  salt,  calculated  in  atmospheres 
aet'onling  to  the  formula  P^  12.03  A.  A  one-per-<^nt  solution  of  NaCl  freezes 
at  —■ (l.tMHI"  C:  the  lowering  of  the  freezing  point  is  therefore  0.606.  If  one 
flnds  for  an  unknown  fluid  A  =0,606,  its  osmotic  pressure  corresponds  to 
that  of  tho  one-iK-p^eut  NaCl  solution,  and  amounts  to  32.03  X  0.606  =  7.29 
atmoKphen's. 

Whrn  ftiuimolfcular  quantities  of  different  substanees  (i.  e.,  quantities  pro- 
portioniil  to  their  molwular  weights)  are  brought  into  solution  in  the  same 
solvent,  mid  solutions  whieh  have  the  some  number  of  molecules  of  the  dissolved 
sultstuuees  in  (H]u»1  volumes  arc  thus  obtained,  these  solutions  have  at  any  given 
teuiiM'nitun'  the  winie  osmotic  pressure. 

We  luive  ill  the  cltH'tmlytes  an  apparent  exception  to  this  law.  The  os- 
motio  prt-ssun-  is  higher  (ban  it  onght  to  be  according  to  this  general  state- 
ment. This  is  due  to  the  fact  that  the  substances  in  question  are  partially 
dissiH'iatetl  in  water  into  electrically  charged  atoms  or  ions — e.g.,  HCl  into 
-I-  II  and  -  ri  K(^l  into  +  K  and  -  CI.  X«OH  into  -f  Xa  and  -  OH,  etc. 
Ill  ihi-*  way  the  nuniltc'r  of  effei'ti^"e  molecules  in  a  solution  is  increased  and 
in  coiistHnience  the  t^smotic  pressure  is  raised — in  perfect  agreement  with  the 
general  law. 

The  ih*grw  of  disstH'iation  depends  primarily  upon  the  concentration  and 
U{Hkn  the  tiutun>  of  the  disst^lred  subt:taiice.  The  more  dilute  the  solution  the 
nion-  i-oniplete  is  (he  disisiH'iation  with  one  and  the  ^amo  electrolyte — i.  e..  the 
gxx'Btfr  is  the  n>lative  l,n"t  the  abwilute')  number  of  free  ions.  In  different 
elivt ml.vtt.'s  disMH-iation  presents  certain  variations  into  which  we  cannot  enter 
at  this  time.  It  will  suftit'c  here  to  say  that  the  most  important  salts  in  the 
1hh1,v.  tht^i  fonmtl  by  the  alkalies  with  monobasic  acids,  are  dissociated  in 
dilute  siilutioiis  of  iHinivalent  ctmcentration  to  a  very  considerable  extent,  and 
ar»'  dissociateii  ixiually. 

The  (<oml)iii(<ti  <»smotii-  pressure  of  several  substances  in  the  same  solution 
is  tHiuat  to  the  sum  of  the  pressun>s  of  the  separate  suWtances, 

When  two  solutions  of  ditTerent  osmotic  pressure  are  separated  from  each 
other  by  a  s^miijvnneable  membrane,  water  passes  from  the  one  of  less  pressure 
to  llh>  one  of  higher  pn-ssure  until  the  two  are  of  equal  prossurv — i.  e„  are  isoionir. 
Wiih  T\-tVr\>niv  lo  ea^-h  other  these  solutions  aie  said  to  be  hypofonif  and  hgper- 
/.>«iV  T\'siy vt ivelj". 

IVad  aiiiniAl  and  plain  monibraiu-^  are  as  a  rule  permeable  to  water  and. 
though  ill  K'^^  ih'irr*'*'.  tt>  subs:ain>.>s  siiluMo  theiv'in.  When  such  a  membrane 
s^-ivarati-s  waier  trvni  an  aqiuvus  salt  soluiion,  the  form<-r  passes  into  the  solu- 
tion and  the  s.i!i  ]\isses  o-.:t  until  the  t>smo:ic  pressuTv  on  K'Th  sides  of  the 
ineiubrane  is  the  same.  This  is  tho  t-ase  als.>  when  two  iiknonic  s<.tlutions  of 
differ^-nt  s.ilts — e.  p..  NaCl  a:ul  XaXO,  an?  separat^xl  by  the  nn'mhrane.  The 
ivnimon  sjilt  [vass^-Ti  T'r»'m  o::o  to  the  other  and  vitv  versa,  so  that  the  two  solo- 
tion*  T\-niain  is^-tonio.  1:  Tru'v  .irv  o:  unequal  i>smo:ie  prvssun^ — i.  e.-  tinwo(t>«ir — 
l*«  K>rin  with,  an  exehan«-  of  water  and  sal:  molecuW  tdk«  place  tmtil  a  coq- 
dilion  of  tHtuilibrium  is  cstabiislKxI. 
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From  these  diacovfiries  on  the  phenomona  of  nRmosip  it  follows  that  evorv 
change  in  tlie  coiiKtilulion  of  ttie  modiiiin  Mirrounrtin^'  the-  cell  or  of  the  fluid 
contained  within  it  will  have  power  (a  ofFwl  a  ctiaiip-  in  ilic  owmotic  pMvsure 
prevailing  in  the  ct:!!.  Thii*  would  innm  also  a  ehiinjiie  lit  the  (juuntity  of  fluid 
(Jcjrnv  of  turgescence)  as  well  us  in  the  chemical  constitution  of  Iho  fluid 
contained  in  the  cell,  or  indeed  in  the  eonMitution  of  the  protoplasm  it.*elf, 
ftcconiing  a:*  the  liniiling  Itiver  of  the  protoplaj^m  U  pemicahle  or  not  to  tho 
fiubetances  prcsrait. 

plant  eelU  afford  us  the  Aimpletit  example*  of  the  influfince  of  nsmo«is. 
The  cell  membrane  Is  permeable  to  gns,  water  and  .solutions.  In  the  living 
wU  the  membrane  is  impregnated  with  water:  hence  all  liubstancen  which  are 
diaai^ved  in  the  water  can  pcnelrate  the  membrane  and  thus  come  into  contact 
with  the  outer  laver  of  the  protoplasm  ([>rimonlial  Hhuath)  just  insido  the 
BMnhmiie  (cf.  Fig.  10). 

Within  \h*.'.  plant  cell  and  surrounded  by  the  primordial  sheath  we  find 
Uiit  ceil  sap.  which  \a  a  watery  solution  of  various  salt**,  carbohydrates,  etc. 
The  primordial  sheath  i«  permeable  to  water,  but  prevenl-*  entirely  the  cn- 
Imnce  of  certain  compounds,  behaves  toward  them  in  other  words  exactly  like 
a  *vmi[M.'niifjible  membrane. 

If  therefore  the  t-cll  is  bathed  by  a  solution  of  a  compound  whoKC  osmotic 
piTHsure  is  greater  than  that  of  the  cell  ruip.  water  jiasKCfi  out  of  the  cell,  the 
primortlial  nheath  is  l».io»iene<l  and  shrinks  away  froiTi  the  cell  membrane  (/Wws- 
mniifsui).  Riit  if  the  cell  is  hothed  hr  pure  water,  the  water  can  pa-is  through 
lh«  primordial  shfmih  in  the  reverse  direction  and  raise  the  internal  pressure 
a)K>vc  its  usual  level,  whence  we  have  the  conditiou  of  vfll  turyt/r. 

TIu*  primordial  shcalh  permit*  the  entrance  of  certain  other  flutwtanww 
more  or  lew  easily,  and  in  tlie  i-omnierce  hrtwwn  the  cells,  where  trnusporta- 
lion  and  exchange  occur  freely,  it  has  the  power  to  change  its  permetthilit^ 
occonling  to  circHmt-laneus.  From  this  it  follows  that  neither  absorption  nor 
excretion  on  the  part  of  plant  cells  is  to  he  dcscrilafd  as  a  simple  ouniotic 
proccM. 

In  the  fflU  of  thr  animal  body,  both  the  cell  body  and  the  nucleus  |>ermit 
rertain  snb»»tflnce(i  diBwolved  in  water  to  pass  through,  but  exclude  others;  they 
behave  towanl  these  substances  like  semipermeable  membranes  (rianiburger, 
Ilvdin).  T«  om*  and  the  same  siilistance  the  permeability  of  different  kinds 
of  cells  may  be  t-onsiderably  difrereut.  and  it  appears  to  vary  with  the  same 
kind  of  cella  under  different  physiological  conditions  (Hamburger). 

Frtmi  Ihe  inrestiffationa  of  Hambnr^r,  Hcdin,  Ivneppp  and  Oryna  on  the 
raltility  of  red  iilaod  rorpunrlea  to  differeTil  substances,  one  may  ^ihcr 
tJut  the  K,  Nn.  Ca.  Sr.  Ba,  Mg  ions,  the  diffen'nt  kind*  ot  aimar.  arabitc  and 
mannite  do  not  [tonetrate  tbftn  at  all;  itiid  tbnt  thv,v  ufl-  but  sIlKhtl;  pemiesblc  to 
amino  nridk  (gI.vciH*nII,  uBparajrin.  etc.).  In  fact  they  appear  t«  offt-r  n  ptjwer- 
ful  n-MJKtnncF  to  the  ninidn  ^nmp  In  the  amino  acids,  but  toward  the  amid"» 
irniup  tn  ih^  neid  iiniidvn  (m-^'tninidr.  cXf.)  th<-  n'sinliiiKV  w  nnl  «o  great.  The 
n^  hliMxi  ■•<ir|)U!'i'lci  are  ponneuble  to  Nl{,  ions,  tu  fr«v  acidx  mid  altcalipa. 
and  ti>  alcdlM'l*  In  iiivcnM*  |in>pi>rtiun  to  Ibt*  number  of  liyilroxyl  ion*  in  the  rao[t~ 
«ml«;  hImi  tn  aldehydi-fl.  ketones,  elhtT!!,  e^rerM,  uutip.vrui,  amide,  urea,  urethau, 
bile  acids  and  bite  salts.    The  leucorytes  t>f  ibe  bluud  and  uf  the  lymph  glands. 
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BO  far  as  ttis  property  has  .vet  been  studied,  are  shown  to  be  pprmeablr  to 
chlorine,  sulphurk'  aciil.  carbun  dioxidv,  iodiiii.-,  broiuiru'.  uxaliir  acid,  iiliufipborie 
acid.  MiliiwUc  acid,  bi-uzcic  acid,  and  arsenic  acid  (Hamburger  and  v.  dcr 
Sc'hnipff). 

Overton  hfi*?  Hluiiici-d  tlie  p<.'rim-ubiiity  of  cross'glrialeit  tmiscle  lo  a  large 
number  uf  nr^nic  cfinipnuiitjs.  niid  hna  <?ome  to  the  conclusion  that  toward  the 
flame  «libstfinc<:^  thoy  behave  just  n^  do  plant  oell*.  All  roinpininds  which  are 
plainly  aoluhle  in  wat<?r  and  are  also  sohible  in  ethyl-ether,  in  the  hipher  alco- 
hol*, in  olive  oil  and  similar  itrdanie  sdlveiita.  or  which  at  kaflt  arv  nut  much 
more  difficultly  soluble  in  ihpse  ihuii  in  water,  penetrate  livin^r  inusele  filters  and 
other  animal  and  plnrit  cells  very  easily.  But  the  mr>re  rhe  solubility  of  a  com- 
potind  in  water  exceeds  ilj*  solubility  In  one  of  the  nrgnnie  solvents,  ihi"  more 
idowty  does  it  ix-netriite  these  struetures.  For  explanation  of  this  ]«fuliHr 
iM'hdvior.  Orerlon  hat*  I'Ut  forward  lliu  liypolhcHiH  lliut  ihe  limiliiLK  layers  of 
the  protoplasm  arc  iiuprLyuated  with  a  fatty  substanee,  a  mtxiure  of  lueithin 
and  choh-stiTin,  and  thnf  the  eleetive  solvent  power  of  this  mixture  for  defiiiile 
Kiibtttances  gox'eriis  the  pure  owmutie  [wrmenbility  of  the  rells. 

Out  of  itome  T.'S.fMH)  nrKMnie  eompuumis  known  at  present  more  Iliari  00,000, 
to  aet-ept  Overton's  rou^b  estimate,  can  iienetrnte  the  cell.  AmonR  these  how- 
ever are  fouiul  neither  ihe  earbohydrntea  nor  a  niimbrr  of  other  substances  par- 
lieipatintjT  aeiively  in  ibe  metaboli'tm  of  plnniA  ami  animala.  0*Trton  remarks 
llmt  (Ml  far  8»  ibe  conetitutiim  of  ihi-so  eompouiuk  iit  kivown.  derivativci  of  them 
can  always  be  found  which  do  r*f"f't''»t*  'hp  •'^'b'  ^f?'  easily.  Uow  far  hla 
explanaliitn  applies  lo  the  Hvinfir  body  we  do  nut  know. 

It  luis  been  found  that  different  Infusoria  are  lo  a  Rreat  extent  independent 
of  the  osmotic  pnt*!ture  of  the  solution,  since  they  eiui  exist  fnr  days  at  a  time  in 
diHtilled  water,  without  sufferinn  iioticenbly  «iid  without  exbibilinf;  any  vcr7 
Btrikin^^  changes  in  fonii  CtJoldberfcer).  The  eRK"  of  F%tiidHhis  «l!*o  do  not 
swell  if  they  are  suddenly  brouvhl  fntm  st'a  water  into  distilled  water;  and  Ihejr 
do  not  shrink  if  thi"  reverse  cbanire  is  made  (Lot-bl.  MeCatluni  found  in  the 
ease  of  the  medusa.  AMrtlia,  that  the  salt  content  of  the  .'^urroundiuK  medium 
can  vftr>-  within  wide  limits  without  materially  affecting  the  btHly  fluid.  The 
fluid  pressed  out  tif  llic  body  containN  lew  SO,.  MjiO,  and  Na.O.  and  more  CI, 
Fe,  and  especially  K  than  the  aea  water;  the  depression  of  the  frt-i-Kin^f  pr>int 
also  was  lw9  for  llie  lalter  than  for  ibe  body  fluid.  While  the  salt  content  of 
the  blood  of  llip  irreen  crnb  increa«<*  an<l  deerenwes  with  that  of  the  sea  water, 
the  relation  in  the  (•niy6sh  is  JumI  the  rererse:  here  the  depPts.sion  of  the  freejiing 
point,  of  the  Mood  !«  O.S"  C.,  while  tii  the  sumiiiodinK  water  it  is  only  O.ttS  - 
0.03"  C.  (Fn-deric(|).  I'rojfs  kept  for  wei-k»  in  distilled  water  trive  up  only  a 
part  of  their  .salt  to  the  water,  notwitlislandint;  that  between  them  and  the  water 
there  is  a  difference  of  nsmntic  preflBure  amounting  to  about  two  atmosphetes 
(DuriK). 

In  the  different  liMUtt  of  any  Riven  animal  al«o  there  are  noteworthy  differ- 
ences with  resi»cct  to  osmosis,  llembranen  eonsistinK  of  only  a  single  layer  of 
connective  li.tHue  coated  with  a  siiitfle  layer  of  smooth  muscle  cell*.  like  Ibe 
peritoneum  and  the  mesentery,  offer  very  Htile  resislanee  to  the  passvajte  of  dif- 
fen-nr  ions;  and  their  jx-nneid.ility  i*  not  noticeably  chnnRed  after  the  death  of 
the  rell^  by  chli>r«if<irni.  But  liviriR  membranes  cnn«trnelcd  of  specifically  dif- 
ferentiated epittielial  cells  behave  diffen-ntly:  their  ability  to  oppose  or  to  facili- 
tate the  passBfTc  "'  '  physio lojjtieal  fuiielions  devolving 
upon  them.  ••<  the  cell,  at  wbiuh  time  also  the 
penueab* 


I 
I 


THE  VITAL  PHK.N'DMKNA  Of   VVA.IS 


35 


I 


Tin-  fjK'l  (ItMii">iifitr«lrti  bv  Sn-hiickiiig  in  the  caae  of  llic  snail,  Aphfxw.  that 
lonjt-conliniKil  >iinnitHlu>ri  of  thp  dermal  mu.iciilHtiire  can  niort'  than  compcn- 
Nite  llif  cffwls  t>r  (wiimtic  pres^iirp.  and  the  iliscnvcriiw  tm  ub^iorpJion  from  the 
■Itmcatarv  canal  (cf.  ChApler  VI 11),  In^eiher  with  the  fni-ts  rtuininarizod  abnvo. 
go  to  show  that  Ike  osmotic  procf^M»  cannot  be  the  nnli/  fnrlors  at  wnrt  in 
ihr  ahaorptiiirt  of  jnilixltinrct  by  anitrinl  trlh.  T\w  miU'r  liiniiinp  int'iiihranQi 
of  the  wll  lx<liavos  in  many  respects  as  a  eeiflipermuahle  nieiribrane.  hut.  so 
far  Bs  ire  cnn  jrnif>p  the  matter  at  pretient,  it  appearit  to  ililTar  in  many 
resjiects  from  such  «  niuinliranu.  .luKt  an  tho  («ll  itwilf  rcpiilatcs  tlip  oxlcnt 
of  thp  oxidalinn  proc«'«'«  litkinf;  phuv  within  it  or  inmijuirntixl  hy  it.  so 
:Vithiti  n*rtain  limit.s.  and  independently  nf  Iho  (|uantitiv('  coirip(*-;ition  iind 
oatuolic  prvjwun-  uf  the  surrounding  niediuui,  it  regulates  its  absorp- 


Vui  t9, — timmit  on'/'Winx,  after  Mim  Srbii11«>.  Rome 
iif  the  r>«^il»rnilin  lmv«  caufctii  &  (li«toiii.  wbinh  by 
gnoliml  ■InirliMiinK  "f  Iti**  mnlntrlilt^  IlimiU  will 
bv  l*lirn  iiiUr  Itte  tnt«rit>ror  the  nrguitun.     20/l> 


FlH.  20. — A  main  prJjfpn- 
di<t,  Hft«r  Utkx  8rliull*& 
A  uruall  tiTKMtMn  hMI 
bein  tticulfed.    330/1. 


tioD  and  oliinination  of  Huhstanre.  It  ia  poi'i'ihln  that  this  w  diir  to  the 
cpecilic  aflinitie*  of  the  living  iMxliett  which  constitute  the  protoplasm.  Ju«t 
tut  gelatin  plates  and  agar  plates  lake  np  rtiihutance*  from  twilntion.  whether 
the  solution  is  l»ntf>nir,  hypotnriic.  or  hypertonic,  until  their  adinity  f'lr  the 
sutrtliuice  ii"  sfttiftfirtl,  so  thi-  living  Hiihstanc**  might  lako  up  or  give  off  suh- 
fitaoccA  arcording  tfi  it**  aiTinitiw,  inde[H'ndrntly  of  the  nsmntie  preftr^Hro-  .lust 
what  weight  thi«!  hy|H>tliC)ii».  ilr-velniied  bv  Friedlttnder  and  Durig,  may  have 
cannot  «iy  dotinilelv  at  pro^nt. 

In  connei'iinri  with  the  inve«tigntions  hen?  diKeni^^  opportunity  hni^  often 

iVffordud  to  detcTinine  tho  osmotic  tenition  in«ido  animal  cctU.    It  i*  found 

spond  to  a  KaCt  *oIu(ion  of  0  7  to  0.9  per  rent,  and  amounts  to  about 

6.5  atmosplieres,     In  order  that  the  aqueous  content  of  animal  cells  may 

^roMr»ed.  il  is  necessary  therefore  that  the  aurrounding  medium  have  a 

ponding  oamotir  pressure. 


THE  CELL 

Since  NaCl  playa  the  most  inipnttimt  role  iti  maintaininp  this  proebure.  one 
mitflit  Aiip[Hiii:c  that  lliis  IK  ttiL-  only  !<t)tH>iiil  pb>'^i(>li>Kiciil  siK'iilii-iiiK-c  of  (•itciiiiioii 
«alt.  Tliftt  is  not  the  case  hnwpver.  as  ai'pi-nrn  fniin  the  fact  ilint  a  fpi'tf's  niua- 
cle  whiili  Kiiiniiis  excitable  for  a  long  limL'  in  a  0,lj-|)<'r-ct-iit  Nat'I  Mihirioii  very 
soon  l<J6e»  iVt  excitability  iu  nn  iftotonic  (Mjlution  of  t-aue  Kufcur  (Ovvrtcm)- 

S.  Xaked  elemputarv  organiiima  Iiflve  llie  power  also  of  in^rKlittf}  toliil  fnir- 
ticles.     In  aiacy  cases  this  Ukv^  plac-u  in  a  vary  i^iinplc  mnnnLT.    Tho  t-le- 
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FlO.  21. — A~U,  Sevcrul  »utvn™!vr  pluwcs  in  tlie  lifif  liixttiry  of  iiri  .inufba,  Itppl  uoiler  coiutant 
ulMCTMitioii  fur  (lirer  days;    /,  wiothvr  iiiiliviihinl  cncyHlccl. 

A,  ItH'omotrtr  phK<c:  ihr  rctoplowii  i*  won  oxtcntline  in  fnnn  n  p«-iii1npiKliiini,  inin  wliiHi  \\w 
ti»li)pla«iii  [iHJBVii;  H,  H  stnjfP  ill  thti  JnKTwtivi-  pluiw;  //>,  ii  vi-Ri-tiiblc  urKU.liii«Ti  briiiii  iih- 
Ipwtrd:  f,  D  iK>rlion  of  tlii-  Anuiba  r(^])riMfnttsl  m  ft,  nflcr  rimiiili-ii--  intp-Minn  iif  tlir  fuutl- 
pnrticle;  /»,  K,  miwh-mivb  tirngfa  in  Itif  iuvii(iiiUlivi>  mid  (.•xcrplorv  |irwM»»a«;  F.  (i,  II, 
tnecfearo  ^iitttfs  in  Ihi-  rrproiluclivi-  |in>cm  uf  tlit*  iiaiiii.'  iuJiviilua].  It  wiU  (m-  iiDlii-ni 
(K)  tlint  ihp  iiiidnui  dlviilifi  fiiw;  vc.  oonlriictil<>  vacuole;  n*,  nudPUB;  p«,  pscudopodtum; 
dl,  ituil»iii;   fp,  fimiL  pn.r1lelp. 


menlary  organism  putfs  out  piDCPswF.  pseudoprMlia.  wliich  npph"  tVmsolvps 
the  particles  of  food,  then  gmdually  flow  around  it  until  it  coincs  to  I 
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wttKin  the  protoplasm.  Hxamplcs  of  llii*  are  found  in  tlie  Anupbfp  ninl  niluT 
iiiiuojjudii  (Figs.  I!i  to  23).  and  in  tht-  Ifufoi'vius  nf  all  t-Ja.'ve.-t  of  miinialx, 
wbidi  ven,'  clowlv  rusemtilu  Auia>bn>  with  re»i)ecl  to  Ibeir  slrucmre. 

This  ahjliiy  of  tho  It-ucocyle*  is  of  jjfMt  impurtftnoc  to  the  hodv  a.'*  n  whole, 
for  ntiurvYvr  u  dwlructioa  of  tifitiuc^  Lakes  place  eiihcr  from  nonual  or  paiho- 


-f^ 


■^v^ 


y-  '-yCr 


.  lrhtli>  Mood  rnrpiiwlr  of  tlio  frnfC,  mntniiviiiK  nn  iinihrnx  tiiirillw.      Ttip  Iwn  fittiirM 
mvre  tlrawri  fiuni  eIil-  MiTiir  rrll  at  ililTcri-iit  timra,  iiflcT  Mi'tM-linikrifl. 

lofpiiil  i-nuMTit,  the  dfhrU  is  ink^'n  up  l>_v  ih»*  Iciifofvli's  and  is  reniowd.  The 
luunx'ytCK  play  an  itiifiortant  n'de  alMi  in  (liit|H>riin};  of  tlu>  pullio^^-nic  Kaclcria 
which  lind  their  way  into  the  Ixidy,  tiincL'  thi-y  arc  abl«  tn  cul  and  ti>  digest 
sach  orj^nktns  <  Ki^.  2i).  and  thiToby  to  afford  the  body  siuhstaiilittl  pro- 
Itirliiiti  against  infiirtion  (MotsciinikniT). 

Tho  more  highly  organizeil  oleiiw^ntary  organismii  provided  with  cilia  and 
&  evil  muuih,  :«u<'h  a^  the  cUiate  Infusoria  ( Kig:'.  2J  aud  ::iK).  ingust  nolid 


Flo.  2i.—  Vanpjir»ila  tpi'mffj/nr,  »  rhiirtpntltnta  nnlrvlluUr  orgimiwa,  iiigvatUig  tlur  mntenl*  af 

MO  aigt  cdl,  mtter  (Vnkowski. 

partirU'si  by  MY-alinji  with  theJr  cilia  a  vortex  so  diroctwl  thai  the  partiehs 
'  »  driven  into  the  month.  In  thi^  and  otlier  i=imilor  ways  of  lakinf  tip  w>)id 
irlirln'  the  or;.'Knliim  can  exercif'e  an  actnal  choirc  of  nourishment;  certain 
Itbizopoda  for  example  eat  only  certaiti  alga  cclla  (cf.  Fig,  33). 
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The  solids  taken  up  in  this  way  by  the  cells  must  undergo  various  changes 
in  order  that  they  may  be  of  use  to  the  cell.  Often  this  is  true  also  with 
the  dissolved  foods.  AH  such  processes  by  which  the  foods  are  changed  so 
that  they  may  l)e  assimilated  or  further  elaboratwl  by  the  cell  are  included 
under  the  term  digestion. 

Tlie  digestion  accomplished  by  the  cell  is  either  extra-  or  intracellular. 
In  the  former  case  digestion  takes  place  under  the  influence  of  special  sub- 
stances, the  enzymes,  formed  by  the  cell.  These  substances,  like  catalytic 
agents,  have  the  property  when  present  in  very  small  quantity  of  producing 
chemical  changes  in  great  quantities  of  complex  molecules,  thereby  splitting 
them  into  simpler  compounds,  which  in  their  turn  reduce  the  activity  of  the 
enzymes.  By  the  action  of  enzymes  proteid  is  split  into  albumoses  and  pep- 
tones, starch  into  sugar,  and  fat  into  glycerin  and  free  fatty  acids  (cf.  Chapter 
VII).  It  should  be  noted  further  that  every  special  enzyme  acts  only  upon 
a  definite  compound  or  group  of  compounds.  The  proteid-splitting  en- 
zyme therefore  does  not  act  upon  starch,  nor  the  starch-splitting  enzyme 
on  fats,  etc. 

It  is  quite  possible  that  the  enzymes  can  produce  their  effects  inside  the 
cell  just  Es  well  as  in  the  surrounding  medium,  and  it  is  very  doubtful  whether 
an  izitracel hilar  digestion  takes  place  anywhere  without  the  help  of  enzymes, 
though  such  participation  cannot  be  definitely  asserted. 

Enzymes  which  have  the  property  of  dissolving  proteids  just  like  the 
corresponding  enzymes  in  the  digestive  fluids  have  been  obtained  from  finely 
minced  organs — spleen,  lymph  glands,  kidneys,  liver,  heart,  etc.  It  is  assumed 
that  they  are  present  in  the  living  cells,  though  this  has  not  been  finally 
proved.  Nothing  definite  can  be  said  at  this  time  with  regard  to  the  impor- 
tance of  such  enzymes  in  the  normal  processes  of  the  body.  It  is  possible  that 
in  starvation  they  may  effect  the  solution  of  the  tissue  proteids,  also  that  the 
autolytic  processes  which  take  place  after  death  are  initiated  and  carried  on 
by  such  enzymes.  ' 

The  cmi/mes  are  products  of  cell  activiiy,  but  once  they  are  formed  they 
act  entirely  without  the  help  of  the  cell  and  are  nonliving  substances.  In 
general  it  is  supposed  that  they  are  proteid  in  nature,  and  in  fact  Pekelharing 
has  prepared  from  the  stomach  of  the  dog  a  very  pure  enzyme  (pepsin)  which 
was  free  of  phosphorus  and  liad  the  constitution  of  prolcid.  But  it  would 
be  premature  to  draw  any  general  conclusions  from  a  single  observation. 

Enzymes  occur  in  (he  ct^lls  for  the  most  part  in  the  form  of  precursors, 
known  as  zymogrnft.  Often  the  zymogen  is  changed  into  the  active  enzyme 
in  the  act  of  secretion ;  or  its  activation  may  be  brought  about  under  the 
influence  of  jinother  enzyme. 

P^nzymes  are  only  slightly  dilFiisible.  hut  they  pass  through  a  porcelain 
filter  and  can  be  sc]>ara(e(l  in  this  way  from  the  cell  fragments  of  an  extract 
or  juice.  In  the  dissolved  stafo  they  withstand  heating  up  to  70°  C. ;  in  the 
dry  state  many  enzymes  arc  noi  do-itroyed  l)y  a  leinperature  of  over  100°  C. 
In  general  they  arc  most  powerfully  active  at  35°  to  45°  C. ;  at  a  lower  tern- 
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perature  they  act  more  feebly,  but  if  warmed  again  will  regain  their  activity 
even  after  having  been  reduced  to  a  temperature  as  low  as  —  198°  C.  They 
are  destroyed  by  mineral  acids  and  alkalies  of  sufficient  strength.  With  some 
enzymes  also  the  decomposition  products  formed  by  them  exert  an  inhibiting 
influence  on  their  further  activity.  On  the  other  hand  their  activity  is  but 
slightly  affected  by  the  protoplasmic  poisons. 

Various  facta  favor  the  view  that  enzymes  exercise  their  specific  effects 
only  after  uniting  with  the  substance  acted  upon.  Thus  pepsin  for  example 
unites  with  the  proteid  fibrin  so  firmly  that  it  cannot  be  removed  by  washing 
with  water.  The  fact  also  that  when  mixed  with  the  appropriate  substances 
enzymes  endure  a  higher  temperature  than  otherwise  gives  a  certain  support 
to  this  conception. 

Recently  Croft  Hill  has  shown  that  the  enzyme  formed  in  the  yeast  cell 
by  which  maltose  is  changed  into  dextrose,  has  the  power  in  concentrated  solu- 
tions of  sugar  (over  four  per  cent)  of  changing  dextrose  back  into  maltose; 
that  what  takes  place  is  therefore  a  reversible  process.  Similar  phenomena 
have  since  been  observed  with  other  enzymes.  Pancreas  extract  effects  a  par- 
tial synthesis  of  ethyl  butyrate  from  ethyl  alcohol  and  butyric  acid  (Kastle 
and  Loevenhart) .  By  means  of  a  lactose-splitting  enzyme  E.  Fischer  and 
Armstrong  prepared  isolaetose  from  galactose  and  glucose  in  equal  quanti- 
ties, etc. 

It  is  very  probable  that  this  reversibility  of  enzyme  action  is  of  very 
great  importance  in  the  transformations  taking  place  in  the  body,  although 
we  are  not  yet  able  to  foresee  its  entire  range. 

D.    THE  OXIDATIVE  PROCESSES 

Attempts  have  been  made  to  give  an  exhaustive  theoretical  explanation 
of  the  oxidative  processes  going  on  in  the  tissues,  and  several  hypotheses  have 
been  put  forward.  Some  of  these  suppose  that  the  influence  of  the  animal 
tissues  on  the  physiological  oxidations  consists  of  an  increase  in  the  oxidizing 
activity  of  oxygen ;  some  assume  that  the  tissues  in  mediating  oxidations  do 
not  influence  the  oxygen  itself,  but  act  on  the  oxidizable  substances  making 
them  more  accessible  to  the  oxygen. 

We  cannot  here  enter  into  the  development  of  these  theories  since,  as  they 
stand  to-day,  they  are  not  by  any  means  able  to  explain  the  facts.  We  may 
say  only  that  from  both  fresh  and  dead  organs  hardened  in  alcohol,  it  is 
possible  to  extract  with  water  a  substance  which  oxidizes  certain  substances 
like  benzyl  alcohol,  salicyl  aldehyde  and  glucose  (Jacquot).  According  to 
Spitzer  this  substance  is  an  iron-containing  nucleo-proteid  derived  from  the 
nucleus.  Whether  it  has  any  special  significance  in  the  phy.-'iologieal  proc- 
esses of  the  cell  cannot  be  said  definitely  as  yet,  because  of  the  possibility 
that  it  is  set  free  only  by  the  destruction  of  tissue  elements.  That  in  any 
case  its  physiological  importance  is  only  secondary,  would  appear  to  be  suffi- 
ciently shown  by  the  fact  that  its  quantity,  or  more  correctly,  its  oxidizing 
function  as  determined  in  the  manner  above  mentioned  is  considerably  greater 
in  the  glandular  organs  (spleen,  liver,  thyroid,  kidneys,  etc.)  than  in  the 
muscles,  where  combustion  takes  place  most  extensively. 
5 
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The  following  discoveries  appear  to  afford  a  wider  outlook.  In  the  aJco- 
koHc  fermentation  effected  by  the  yeast  plant,  maltose  dissolved  in  water  is 
changed  under  the  influence  of  an  enzyme  formed  by  the  yeast  cells  into  grape 
sugar,  and  this  is  split  into  carbon  dioxide  and  alcohol.  Until  recently  it 
was  supposed  that  the  latter  cleavage  could  only  be  accomplished  by  the  vital 
activity  of  the  yeast  cells  themselves,  which  appeared  in  fact  to  follow  from 
a  number  of  experiments.  By  trituration  of  the  yeast  cells  and  subsequent 
compression  with  a  pressure  of  400-600  atmospheres,  however,  E.  Buchner 
(1897)  succeeded  in  obtaining  a  sap,  which  after  being  filtered  through  steril- 
ized "  infusorial  earth "  and  thus  being  freed  entirely  of  yeast  cells,  was 
still  able  to  split  sugar  into  alcohol  and  carbon  dioxide.  The  active  substance 
contained  in  the  sap  Buchner  named  zymaze. 

This  discovery  opens  up  new  prospects  for  our  whole  conception  of  the  mode 
of  decomjiosition  in  the  animal  body.  It  makes  possible  the  assumption  that 
not  only  the  yeast  cell  but  all  other  cells  carry  out  the  chemical  work  charac- 
teristic of  their  vital  activities  by  means  of  substances  analogous  to  the  enzymes 
and  capable  of  being  isolated  which  are  fonned  within  the  cells  and  are  given  off 
by  them.  It  would  be  premature  however  from  the  present  standpoint  of  science 
to  make  such  a  generalization  even  hypotbetically.  For  the  substances  formed 
in  the  processes  under  consideration  are  so  manifold,  and  the  essence  of  the 
processes  is  still  so  obscure  that  immediate  dissimilation  effected  by  the  vital 
activity  of  the  cells  cannot  without  further  information  on  the  subject  be  com- 
pletely excluded.  Moreover,  the  oxidation  processes  of  the  body  are  so  well  regu- 
lated in  relation  to  the  amount  of  work  to  be  done  and  the  time  of  doing  it, 
that  it  is  difficult  to  imagine  how  they  could  be  brought  about  exclusively  by 
ferment  action. 

Any  dissimilation  accomplished  by  the  direct  action  of  the  cell,  in  contra- 
distinction to  the  effect  of  the  enzymes  and  zymaze,  is  designated  as  ferment 
action,  and  the  cells  participating  are  known  as  organized  ferments.  Sub- 
stances resulting  from  such  action  represent  decomposition  products  formed 
directly  by  the  vital  activity  of  the  cell.  Carbon  dioxide  which  is  produced 
in  every  living  being  belongs  (at  least  in  part)  in  this  category,  as  do  other 
substances  which  especially  characterize  the  different  organisms,  e.  g.,  the 
peculiar  metabolic  products  of  different  Bacteria  (toxins). 

It  w  generally  true  for  all  cells  that  the  substances  produced  tn  their 
metabolism  are  harmful  to  the  organisms  themselves,  and  if  retained  in  large 
quantities  they  are  fatal.  Hence  neither  yeast  cells  nor  Bacteria  can  live 
continiioiisly  in  the  same  solution,  even  though  there  is  no  lack  of  nourish- 
ment, unless  provision  is  made  for  the  removal  of  the  products  of  decomposi- 
tion from  the  solution. 


E.    THE  ELIMINATION  OP  DECOHPOSITION  PRODUCTS 

The  cells  of  course  cannot  remove  the  waste  products  from  the  medium 
in  which  they  live.  They  can  do  no  more  than  remove  the  products  from 
their  own  bodies.  The  indigestible  residues  of  the  solid  food  snch  as  walla 
of  Algffi,  cases  of  diatoms,  the  chitin  of  rotifers,  etc..  are  egested  from  the 
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cell  IkxIv  in  a  maniMr  exactly  thv  revt-rse 
ri'iiiiiiiril  h  liniiifihl   lo  llif  KVirfarc  of  tbo  tell,  llio  pnitojilasm  give^  wav  in 
Uiis   iwrliculur    |>liici'.    tliv   limly    to    \k 
diniumtni    is    uJilrudtHl.    and    tlic    ct'll 
witbdrawti  from  it 

The  g8«-i)u»  trxiTi'tioii.«.  rarlxiri  <liiw- 
iiift  AimI  rnygt-n.  are  pn>l>aM_v  t'liminatwl 
aiTonling  lo  the  law>)  nf  diffunion  (cf. 

\Vc  have  a»  yet  bul  little  relialile  in-  ^amtmaiK^mfl/J ftLV  fL 

fnruiatinn  an  \n  hint  di-'<.^ii!rrti  stibfitancfs 
I  fa  If.  th  f  cell.  'V'f  tvaxou  hy  itiiulogy 
witli  the  nunncr  of  their  nbivirplinn  wv 
oof^t  to  lUnl  at  work  k-t'idiw  the  tisinntir 
procww*.  an  acliw  inHiicuvi.'  on  tliu  part 
of  the  wll  itwif.  If  ihf  products  can- 
not lie  n>inov(il  iniinodjniely  they  are 
•oiDrliDK^  roodi-nHl  hartnUri^^i  Ity  a  cotn- 

hioalinn  of  ."nine  «it1.     I'nr  example,  ttx-     C"'      [S^.^1  \ ' '.Jfti^LiJiBi^^^ff r ^■'- ft 

alic  arid,  whii'li  \s  jKiiMuiniis,  is  |>i)tiiid 
ap  with  cnlciam  in  the  imtoluUc  and 
tliervfnru  harmless  roiiipound  cnlriiim 
ninlalc.  In  Chaplor  Mil  wt-  ^hall  di** 
CUM  a  numlMT  itf  a[ial<i^nn»  prorrH^'^  in 
tin*  hi^hiT  animals,  A  highly  itpix-ial- 
hpr<d  inmlf  nf  remnvjrij:  tlnld  wattle  Iwm 
ihr  bndv  of  an  Infu-sortan  U  shovn  in 
Kig.  t\\ 


V-'-\ 


'^--i 


If-X^ 


-N 


p.    SECRETION 


f'iG.    24. — Fmnbtna    tmrat,   ttflrr   Hclwwil 
kuS.      .^  ,    uiUTOBiiclrus:     n,    mioi 
rlnii'i    r,  <ini>  iif  nrwrnl  rvrrrtory  fmi* 
InullnR  irilo   ihr  osrrrforv   vncuokr; 
by  ciiiilratt<rinii  iif  nliirL  tli»  iliiiil  riKitrntM] 
mrr  (■}«!(»!.    iicviTiU  inicuitoi  iJjklatttf  MWJ 
to  he  *r*rn. 


In  unici'JIiilar  a»  well  as  in  niulticvl- 
tnlar  nrfranUiuH,  Iltnii^'li  in  ihe  luiier 
prnhahiy  lo  a  tniich  jircater  extent,  the 
orlli  by  their  own  activity  form  varionss  snlwtanc*^  which  citlior  wrvp  the 
purposes  of  the  rell  iltictf.  nr,  in  the  rnullicellular  fnrnis.  aw  ei^>Hontittl  lo 
the  purpose*  nf  ttwj  entire  body.  We  iucludu  all  eucli  subsloiioM  under  the 
h«id  of  ^>^^p/wB«. 

To  the  Aeerclidns  helntifr  the  enxymes  and  aimloffous  compounds.  8Uoh  asi  ihe 
Itn^KimM-i  of  iIm-  wf-ewllt-d  tiiU-nuil  wTwHiout'  (cf.  Clinpler  XI).  also  uiuM  "f 
the  akelt-tal  subatanees,  »»  tlie  ebilinoun  coses  of  Intieets.  the  calcurexuM  tthelU 
nf  Ffimminifpra.  the  itll  membraneK.  etc.:  and.  fiiiallT,  the  iiitereellular  sub- 
etanrtH  «iieh  a»  occur  in  the  fibrillar  connective  titwiip.  rartilnjic  and  lioiie.  Itow 
far  iheae  Mibtianoe*  arise  by  tran*.forinn(ion  of  the  liviiifc  priitnplasm,  or  aru 
only  pHTdacvd  by  ild  activiLv  cannot  be  regarded  as  wtlliMj.  liul  it  i»  pmbalilo 
ifaul  thr  latler  altcmBtivi'  hnlHs  in  the  eaw  nf  ihowe  struetures  which  fire  formed 
of  (iilifir  nrid  or  enlciuni  carbonate  or  ]>hns|ihHte:  for  it  can  eaircely  bo  sup- 
posed thul  stnicturce  of  this  kind  arise  directly  from  protoplasm. 
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G.    MOTILITY 

It  lias  already  been  iKTejutarv  lo  rdcr  brivlly  to  Ihc  movement*  of  tbe  ele- 
metiliirv  nrfranismn,  \ml  ^iiice  nmlilily  is  out'  nf  tho  tnortt  iiiiporlant  runctinn» 
of  Uvinf;  subslaiifc,  we  imist  ftiiiiy  it  here  in  its  dilTeiviit  iiiHiiifrs'laliynM. 

1.  The  priflopUi^m  uf  a  pinnt  ceil  inclosed  wit/nn  the  mfinhrnne  exhibitv 
diffrrt'Dl  forms  of  molility.  Some  of  these,  a.s  for  oxftiiiplc  tlic  miration  of 
ehloropliyll  bodic*,  take  place  very  ciowly  {V'xy:,.  25).     In  ilitTuse  liaylighl  the 

ctilarofiliijU  hodirx  are  !*o  |itaoe<l  that  they  pre- 
sent (heir  grt^tesl  ^urfiiL'e  lo  llie  light  (7'); 
in  (lireet  sunlight  they  are  m  placed  that  Ihuii* 
iiiinow  (■<lg(!  i«  inrniMl  totvartl  the  ititideni  rny* 
{S)  ;  while  in  winiliuvs  a  tliirii  ]msilion  (iV) 
inay  Iw  taken.  The  ijuqimcr  of  thK*o  iiiove- 
nicnt8  U  doubtless  tti  proleel  the  plant  in 
strong  ilUiniinatifm  rrt)iii  a  (w  intense;  etteci 
of  lilt*  light.  :iJi4i  ill  )i)'HlvrHl4>  illtiiiiinaliiiii  to 
seeiirf  ihi-  pEaiil  a*  gri'jil  lUi  etTiHl  m.<  [wi-^siiile, 
Wi-  ulwt-TVf  in  plant  ivlU  hIm)  streawxntfg  of 
protuplit.Hui  which  can  he  followed  by  (he  mi- 
gration nf  the  grnniile>.  In  thet^e  innvcments 
tlir  pn)liiplrt.-iiiiie  partiflei?  either  tlow  iri  flif- 
ferfMLl  direclionK,  iifCen  in  great  conriiriinri 
(ein-iitalicni),  or  the  protojflaKiii  colleirtetl 
ailing  the  wall  is  caught  in  a  rotatory  move- 
ment all  In  the  tmitiie  direelion.  in  vrhicfi  the 
nudeiis  and  often  the  ehlorophyll  Ixxiiv.'*  are 
dragg'-d  along  (rotation)    (Fig.  16). 

\i.  The  t*iniplest  kind  of  prolopIaHmie  move- 
ment in  Ihe  tuikrd  irits  procmls  in  «  manner 
»UniUir  to  fhfit  Jii.it  tui'nti'inrit,  as  rnny  be  ob- 
served in  the  Anni'bie  (Figs.  21),  'i\.  'Hi),  and 
in  tlie  leitecx^yte^  of  mullicenular  nninial* 
(Figs.  '2i.  'i7).  During  reiJt  the  Arrifeba  is 
t^pherie-nl.  When  it  begins  to  move  ont-  or 
nmn-  proasses  protrude  from  the  periphery  of 
it*i  biHly.  By  a  kind  nf  ulrramini/  moreme.nl 
the  protoplasm  of  the  eell  liody  then  flo«s  into 
this  proeiss  or  pnx-essen  and  the  |>o*ition  of  the 
entire  mtuf^  of  the  animaleule  ic  thereby  ehangetl.  The  p^)trll^ion«  are  not 
pn-formed  strnctures,  f»r  the  cell  has  the  power  to  put  out  sueh  a  proeesw 
from  any  point  of  its  surfa<f  and  to  withdraw  it  again.  It  is  on  aerount 
of  their  transitory  character  thai  they  are  ealkil  purudopodia.  or  faUe  feet. 

The  apjteamncc  of  the  pspudopodia  in  different  species  of  elementiiry  organ- 
iflins  IB  very  different.  In  unicelhilfir  nnimnl!*  iin>vid«l  with  an  external  Kkelelon 
Ihey  are  inn<1itie<l  nccortliiift  !*»  the  clmrartfr  r-f  iUf  npeiiinRR  in  the  skeleton 
ibrouiiti  which  they  vrotnide  (cf,  c.  u..  J-'is.  U).  We  meet  with  short  and  thick, 
ur  luuii  and  slender,  threadlike  er  tfaurn-iihai>cd  peeudupodia;  or  again  with  thost* 


.V 


Kio.  25.— Vur>-in|i;  piBitionnof  llw 
eti1nr»pli>'ll  b»«li>*i  in    ili*^  c«41a 

of  Itrmiul  trimcuta.  lUTiinliliK  lu 
\\w  diroeliun  nf  tlii:  inriilciit 
light  nkva.  nflcr  Hulil. 
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d»'i>eiidnilly  of  each  ullit 


rliicli 


I 


pn»j#el  <)Uil 
uniu-  ill  llu'  niMt  iH>m[ik^z  »urt  of  a  uclwork  (Fiiiti.  1!^,  '2i\ 

31.  i»). 


i)B 


Fro.     20.  —  Mmte     of 

IIHIS-l-llll-.tlt         uf        Ml 

Aittabii,  Tbr  oituVib 
indii'BU'  lh(><lir«><-liua 
and  ■iTPiiftlli  or  I  ho 
prui(i|jliiBinir  f  u  r- 
n-nia ;  iln-rro"«Bi,  Uib 
n^liDg  plarni.  Ftw 
ihf  inMaiit  till-  prin- 
n|iul  tinr  r>f  tiiutf- 
II1M11  i*  frym  //  !•>- 
wttttl  r.  till!  nl  niiy 
ollx-r  inuiufiil  il  uib,v 
tiim  t<Tir»nl  t,  txt  If. 


B*)rli    plia-ii'ri    *'f    the    riiovt-mcrit    of    psi-iiilopntliil    in 

Amtpba,  namt'l>'  ^xjtattsujn  aiiJ  coiitravtirm,  art'  t'>  U'  rc- 

gnnl«d  OS  ac'ti\'(!  pnH.-Ct<»&>.  aad  Ihe  two  are  of  equal  im- 

portancT  in  irif^tiag  food  or  in  Inr-oniotion.     In  other 

kindii  of  ninvfmc-nl  ihn  iinwl  imporljiiil  [iIiiih-  j-iinsit^lti  in 

a  n^liK-linii  of  the  surface  of  tliu  w\\ — 1.  e..  in  uonlrai-tioii. 

To  iliiK  cak-gon*  belong  cspci-ially  tin?  niovcmt'nU  of  the 

smiHilll  and  cnniis-i^triHU-il  itiUKi-lt:^.  to  whiell  we  ^hall  dc- 

H     voti-  profNT  all»?ntion  in  Cliapler  XV. 

^^         '^.  Thf  (vtl  iKidy  of  ferlnin  uiiit'ullnlar  organinnis  iirt"- 

^HjHDt»  !>iHX-tally  difTi-ri'iitiAtitl  conlractik-  flvmenlK.    tfti-n- 

^fnr,  for  ommpltr.  hnn  in  itii  onu-r  stti-iuh  of  prolopliLtm 

H    smiHith  nini^i'lr  tiliriU  running  alittoi^t  pHnilUH  ;  Vorltrrlh 

H     t  Fl^.  'i^i   c-onlaiui'  <inlv  a  sin^^fe^.  stiitHiifi    huisuIl-   tilfcr 

H    conipoeifd  of  rifvi-ral  (iliril^.     'V\nn  Iciu^-s  llu-  Uatly  iis  a 

H    thirk  i-ord,  and  ia  tturronudml  liy  an  flaalic  nienihniiif 

io  tliH  inniT  side  nf  whifh  il  ailtuTPs  alonjr  a  s])inil  (-iiur>4> 

fnmi  "ni"  end  lo  tlit*  othtT.     1 1  K-rvt-iJ  ut-  a  >ialk  fur  llu- 

Blta^'hnii'Ut  iif  (hf  or^anirtrn.     If  lhi;'M>  i-ontrartik-  [ilKTu 

■PC  niiL*i'»l  Io  activity,  tlicy  liccnnu"  shorltT  and  tliicker 

liVo  tniL-  niitx'liw.  and  thi.Tcliy  lOinn^i!  llie  form  of  the  cell  in  a  corro- 
in^  wny. 
u  uuinerouB  uniculUilar  orgatmins  and  in  niimeTouii  rp|U  of  multi- 
cellular orgnni-inis,  wr  find  alia 
or  fliigpita  a^*  spetrial  dilTvH'n- 
tiatioiiM  (if  tin*  (I'll  IhhIv.  Tlicrte 
nnl  tfrnji'iniry  like  pM-n- 
dn])odin.  Iml  iH-rrnani-ni  •itriir- 
ture-s  (if  ),'ivator  or  li?»w  Imjcth 
attached  to  the  outer  Kurfatv 
nf  IIr-  cell.  They  are  in  con- 
stant motion  and  (Ktiir  on 
every  wll  or  on  a  ppont  nia- 
jority  of  the  chiIU  rinnin^  a 
ciliated  i^urfaef.  If  the  cell 
lawrs  only  a  few  {1  to  I  [  such 
^l^lIcl^l^•J^,  they  arc  calhtl  da- 
hlia; if  a  lar^r  nnnilier,  Wtvy 
are  callal  cilia.  In  ^vrtain  or- 
gani«uiK  lliey  can  Ixt  eounlud 
by  Ihc  huadnilM  and  (hon- 
sundH. 

Flai^oUa  arp  affixed  eilhcr  to 
the  «iircrior  ur  the  |Mwitfrior  e«d 


And  Ftiikfii. 
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the  «'!l  IkmI.v.    The  former  arraugpinom  U  found  in  the  Flacrellata.  id 

iiiiild/itid^  (if  plunt.x.  many  I!nrl*>riH,  niid  in  the  ^wann  spon-s  of  many  Alftie 

thf  flafft-Iln   |in>ofdc  iiiid   |nill  )hi>  bwiy   afU'T  thi-m. 

Tint  lutler  »rriii]g<.-im-nt  is  found  in  lh<t  i^|R*nnulozua 

of  most  aniuiuls  where  ihc  flutri-lluni  (Itivcs  the  cell 

body  forward  after  the  manner  of  a  protwUer. 

If  the  cilia  should  beat  back  and  forth  in  hoth 
(lircK-ttonii  with  equal  foree.  only  a  to-and-fm 
movement  would  n^sult.  and  no  loenniotion  would 
1)1'  pKvs^ihlu.  (!)in;fnl  Iiivi'i'ti^alinti  of  Ik>|Ii  tla^-Ha 
and  (-ili)i  hiui  nhowu  thnt  tliL-v  ulu'ny^  strike  mon; 
fnrcihly  in  one  tiireetinti  ihaii  in  th4>  oilier,  u  fact 
which  at  onoe  iimke.?  clear  the  niecliauic-al  re- 
Hulln  of  their  movementrt. 


In  tuconiotiuu 
■*', 

Kt 


//ff 


In    the   frwly   nmlile  eelU    ihe  object    aecom- 

|jli''hed  by  ihe  eiliHrj'  iiiuveuienl  is  locomotion.    In 
additirin  to  (lii».  if  the  et-lt  i*  8winiiniiiK  in  a  Duid 
r-<^  specitionlly  liyhler  ihnn  itHelf.  motion  nf  the  rilia 

|iri-vr-nt-i  it  fmiu  ittiikinfi;  ti>  thu-  boitnni.  .^goin  in 
certain  tiniceHnlnr  aiiimnlit  they  |iarli<-i]ia1e  in  the 
inK^-fltiun  of  food,  lx>inK  arraiined  in  a  circle  amund 
tlic  niioiirh,  tind  win  n  in  minion  erealiuB  a  vortex 
in  iKr  wiil.T  whicli  sucks  HUH])en<I>i'd  (niniele*  into 
tIk-  mouth  {FiK,  US). 

Tlu'  eiliated  eeUn  covering  tlie  Burfue?  of  the 
uiu4*<^>UH  nifinbranes  in  Metaiou  drive  sueh  partiele* 
Hf'  may  liaiipeii  lo  be  iin  the  nurftiee  in  a  given 
direction,  and  thutt  play  a  rdlo  in  many  ways  veiy 
iui[>ur1aiit  lo  the  nniiiitiL 

Cilia  lire  Hlwnyc<  faatened  In  a  pmtoplafimic 
xuhftraliim  and  ari*  u^er  oulj^rowthtf  of  a  firm 
cell  incnihrnnp.  Wry  often,  however,  they  are 
not  iinmeiliule  extetiHinns  nf  the  pnitif[>ln;*m.  hut 
re«t  directly  upon  a  thin  layer  of  tmnspnn^nt 
RuhHtnnet;  which,  though  very  closely  r*vifTribliii)r 
the  tiuhtitanre  of  the  cilin.  appeiirH  not  to  Ik?  cnn- 
Iraelile  hut  to  lie  an  a  kiml  of  coat  on  the  naked 
Nurfaee  of  Ihe  cell  protopiii-^m.  The  coals  of  the 
adjawjit  oejlf  are  no  elosely  oonnecleii  tliat  in 
many  eaRec  a  considcrahle  patch  of  lhii»  layer  can 
In-  lifted  up  BR  one  piece. 

Certain  cilia  conlinuc  to  move  even  if  they 
he  Koparated  entirely  from  the  protoplasm  or  the 
bsuyil  iMirt  of  the  cnll.  Sinoe  Mh  cilia  and  fla(rpl!a  can  of  thcmw-lvei  pnrform 
many  cniuplieated  iiiovemenis  we  must  as,«iime  that  they  connisf  of  a  nmlrartite 
Kuhntftnrf.  [f  in  a'lditioii  we  asMime  that  they  contain  also  a  non«y>nlrac(iIe 
siipi»ortin)f  Mihstanee.  wv  should  have  a  somowhal  salisfactorr  explanation  of 
iiferi'nt  forniB  of  niovcnieut  of  thtwe  titruclurci^  (Piitlcr). 


I 


B 
Fk>.  38.— Vorfimr/a. 

A,  M  (Ttmp  ot  indivi<)iinls  na 
•m-ii  iiiiilrr  llm-  liiw  jhwit; 
U,    «    aiiifilc    vurtiMU    wilh 

nlalk      rXUIidixl     and      Imiilc 

it  unottirr  willi  ataJk  i>.)n- 
Irwlnl;  (/,  (If-niitiii  tlW;  p, 
|irnii1ntii<-  ;  n*,  citiilnu'Uli^ 
vnriiiili'  ;  m,  vntlllnili-  ;  *■/, 
contnu^Lile  Ktxtc;   tit,  ntirli-u*; 
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In  tnrtst  cases  ciliary  morcmciit  U  iiot  influpiiifd  in  niiy  manner  by  the 
atjjtiivnt  <>r  by  the  cJiittHiil  i.-i-11h,  :iml  in  ihf^  intiivmH  iin'iiilirHru-s  uf  tlic-  VfrU't)rHt<!» 
it  Biijteare  lo  be  entirely  indeprndmi  of  ntrves:  fi>r  tnliati?*!  wlls  cuutiiiiK.'  tf* 
intivc  miter  ihey  are  rut  out  of  the  b»tly.  Hiid  in  the  huiimii  budy  fnr  uh  mut-h 
ms  three  days  after  dtiith  (Valentin),  llcncc  it  irt  the  more  remarknble  lliiit  in 
m  r*jw  o(  cells  tht  cilia  always  iiio%i'  iu  cumiOete  harmony  even  if  tlie  I'ilia  are 
not  in  conUu;t  with  each  other.  Thi)«  and  the  further  fact  that  a  Hiimulus. 
app1tr<I  to  a  jMrtion  of  the  cjiithelium  where  ciliary  motion  hm  cpneie<l.  can  lie 
transmittc<l  in  a  |mrtlnn  where  it  is  still  niMive.  go  to  show  thut  the  bnsal  part 
of  the  eell  rouxt  hiive  Homethiiifr  to  do  witli  the  rt^uliitioii  of  ciliar>'  mnvctnents. 
Xwertbeleos  much  here  remains  to  be  exjilained. 

5.  Still  other  forms  of  tnovcment  than  tha-w  Blrenily  diwusswl  f>rpiir  in 
tlie  animnlc  world.  The  following  may  lie  hricily  inontionwi.  VariouH  uni- 
tvlluliir  anirnnU  (liadiolaria.  llhiznpotla)  cnn  rai*o  c,r  lower  tlw^mwlvf^  in  llie 
waliT  where  they  live  btf  changes  in  Iheir  .tpaific  graritt/.  Arcelln'  and  DitWu- 
giiB  ris*.'  by  deveiopiny  ti  bubble  of  cfirbon  dinxide  in  their  rt-ll  Intdy.  Thnfaspt- 
eola  (Fig.  lo)  (swimi*  at  the  nurfat-e  of  tlie  wa  1kxji\1''o  i1«  vacunlcs  contain  a 
fluid  specifically  lighter  tliaii  sea  water,  tender  ("ortnin  windilirtnH  it  I'lin  tiiiik 
itii'lf  by  nipturin;!  Ilic  !*hwillis  of  ihe  va(•u^l^•^  which  tlwn  fiiM-  toj;i(^thcr.  When 
the  Tftciioltw  Hre  reforrncit  ibc  nniimilcule  niici-  ninrc  nioiiril;*  upward.  Finally, 
ill  plaiitfi  a  gwat  riiaiiy  niovenientii  of*'iir  lliroiiuli  xwltitirj  "f  thr  rrJl  waH,\ 
and  throuj^h  chanffcs  of  turgor,  which  wc  cannot  di«cui«(  in  this  Iwok. 

H.   PRODUCTION  OF  LIGHT 

Certain  putrnfacliro  Hacteria  wliich  live  on  dreayinp  flesh  of  mariQe 
flfht*  ami  on  meat,  n*  vcW  a^  ccrlain  Funjri  and  n  few  inserts  have  the  [Miwer 
of  prndncitij;  lijrht.  In  certain  places  where  the  neo  water  jilowx  it  is  fnumi 
on  nitration  that  the  glowing  sulit<tancc  rctiioiDs  on  the  filter  and  i^:  Dot  found 
in  the  Oltrate;  the  cause  of  the  light  is  thei-ofore  an  insoluble  itiilu'tance. 
llicmecopical  examination  of  the  re^irtiie  on  the  filter  reveals  tnilliniu  of 
phiMpbon^T'iit  nrtrunixniK  In-longing  to  all  classes  of  the  invertehral«w. 

Thai  thr  |ibeMtibr>n'MH'nee  of  thew  animaln  is  not  due  to  previous  exposure 
Iw  the  -lun's  ra.i^*  follows  fn-m  iIh-  f«ct  ihnt  i-veii  when  ihcy  an-  kept  for  a  \fiug 
time  in  i*i>mplrle  dHrknewH,  ihry  (flow  jum  as  »)lTi>ri|rly  an  their  i-ompanifins  which 
haw  Idfu  ill  the  Hunli)fht.  The  pbonphon'(»ccnce  ceases  howei-cr  when  the  ani- 
mals arc  bmiiKht  into  »  medium  utisuilablo  for  respiration;  it  therefore  repre* 
•cuL*  m  tnie  oxidalluii  pruceas. 

t'lnwr  invtvtigrttion  of  thic  phonomennn  prnves  that  it  is  initialwl  by  the 
artiril^  of  Iff  livhi'/  firoUipUisin ,  for  the  orgnni.*iiif  prixhiec  light  only  so  long 
a*  they  am  alive.  In  the  pan'  of  1'hiila.t  (a  iiiu;<<el).  ttio  phnf-pliorescent  stilt- 
ftanrp  ran  hi*  thmwn  ont  of  Ihi-  biwly.  hut  it  is  fnrnuHl  only  by  the  activity 
of  the  livinc  protoplasm.  The  phoKphnn^i»cencc  arises  through  tho  aclion 
of  a  *p<rial  cniyrne  on  Ihis  wuhstanee  (11.  Onbois).  In  the  '•  lightning  hug." 
Lamptpv.  ner\-c  liben*  have  Iwi-n  dci  nonet  rated  running  lo  the  light-producing 
H  organ.  T\\o  animal  ^upp^es*es  its  light  when  there  is  a  noiw;  the  darken- 
H    tng  then  begins  at  the  pruxiiiial  end  and  spreads  to  the  distal  end  of  the 
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organ.  It  is  worthy  of  note  also  iluU  tin;  liglit  [»^f^Ll^lct^(l  by  Ihc  'Mi^htninf; 
bng"  is  dflii'ii'iit  «t  IkiIIi  i-inlt;  of  llu'  spw-lnini.  W'v  havi-  hero  in  otli(;r  words 
n  courcL"  of  li;iKl  v/Wwh  ip.  di^void  or  alniO)>t  tievoid  of  the  ultra-reti  and  ultra- 
violet rays  tl^fiS'"^)'  ""'^'  ^'<^''y)' 


I.    FORMATIOW  OF  HEAT 

Heat  if  formed  in  all  diss-irnilativf  iiroecsws.  nitil  sinct'  prowsR^  of  ihU 
kind  occur  everywhere  in  aniiiinLe  natiir*-.  wf  may  fay  thrtt  the  yriicMfion  of 
h«nt  i*  nniremal.  This  cimnnl  nlwtiys  Iw  domonstratcfl :  for  in  the  iwlaUnl 
elrmciitary  ornaniHniw  the  ijuautily  formed  is  «)  small  that  it  catin^it  he  niea-t- 
urod  with  our  iiiclruriionts.  tti  plants  as  a  nilc  licit  is  fornunl  so  slowly 
thai  ns  fas)  iL*  it  is  <;eneniCecI,  iL  is  radiateil  to  tin;  siirrmiiidin};  iiuiHiim; 
coTisetjuently  the  teniiHTUture  of  the  plant  cannot  Ik'  eti.-vatetl  percfpuhly  ahove 
tho  mnliuTn.  It  nhoiild  be  fiflid  also  that  (ho  abundant  IranspiniliMci  nci-nr- 
ring  in  phuilj^  Ims  much  l^i  do  with  keeping  down  their  temperature.  The 
BBnie  is.  true  and  for  llu-  same  reason  in  uiost  of  the  so-cflllwl  ruld-hloodfti  or 
pni}:iUi>hprmt»s  nnimals.  Ihnt  is,  nninials  in  which  the  l»ndy  IxTTipnrature  rifica 
and  falU  with  Ihu  temperntiire  of  the  (iurrnunding  medium.  In  dry  air.  on 
arcoiint  of  evaporation  from  the  surface  of  the  body,  the  temperalure  of  a 
cold-bloixkfl  animal  'w,  nsvially  lowrr  llinn  Ihal  nf  lis  meiJtnrn.  In  a  moist 
or  wator-snliiratt-d  almrwplu'ix'  the  Ufdy  ternperalure  may  rise  some  lenlhs  of 
a  degree.  This  is  Irue  likewise  nf  eold-hlnoderl  animals  whtrli  live  in  walflr. 
Only  in  the  so-calIe<l  wnrrn-lilfiodcii  or,  more  eorreidly,  honioiotlifrmox  aniniaU 
(birds  and  mamniali*) — i.e..  animaU  whose  ImxIv  tempiTature  remains  con- 
elant  in  Kpite  of  the  variiitinn?;  nf  the  snrroundinp  (einf)erfllnre — can  ihe 
prmlnrtion  of  heal  Ik*  demons  I  rati^d  dinvtly  and  without  (1iHieu!ty.  In  these 
animals  ihe  temperature  of  the  body  is  almost  alwaya  hijfher  than  that  of 
the  medium  in  which  they  live. 

I'nder  certain  eireumst-Bnecs  it  can  be  shown  very  cli-nrl.v  ihnt.  in  plants  aa 
well  us  ill  euIddiloridf«l  niitmak  heat  is  aetna)l.v  formed.  With  pea«  which  hnve 
be«i  allowed  lo  m-rmtnate  in  h  fuTniel  iiiidt-r  h  Im'II  jiir  n  risi-  \n  the  temperature 
of  1.5"  C.  has  ln^eii  obneirr-d.  In  tbe  "padix  of  llu-  Arai-i-w  (p.(r.,  "  i«kuiik- 
cahhfme ")  a  teniperature  of  1.')*  C.  hitfher  dian  that  of  its  surroundings  has 
often  been  witnesM'd.  T.ikewit%>  in  the  fennentalifin  of  >JU)rar  solntions  by  the 
yefliit  plant  elcralionH  nf  lemperature  of  »ibo.ut  the  same  extent  mny  occur. 

With  reffflrd  tn  ihc  bofly  tf-mperalurc  of  the  cold-bloodrd  aiiimuU.  (he  fol- 
knrinfr  data  on  the  excess  of  the  anin)»r»  temiierntiire  over  thnt  nf  il«  »ur- 
ronndin^M  havw  l>eeii  iintbeniJ;  viirinun  in  vertebrates  in  watt-r  0.21°-^).fl0  C; 
earthwtinnis  in  a  g^lass  vessel  1.4°  C;  bees  in  a  beehive  21"  C. ;  nioTintf  butter- 
flies 14"  <'. 

The  animal  beat  nf  wann-blonchtl  animals  will  be  more  fully  discuascfl  in 
Chapter  XIV. 

J.   GElfERATIOn   OF   ELECTRICITY 

The  enormotw  nunilier  of  investi (ration:^  on  animal  clectrieity  li^ina — 
if  we  exeepi  the  cleetriral  fishes — with  the  ppegnani  observation  of  Galrani 
that  n  frog's  thigh  rontrai:t»  when  it  is  lauehed  in  two  plaees  with  the  end.^  of 
A  metallic  arc  (Seplomber  SO,  I78t)).    From  thl»  observation  Galvani  tlnught 
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limwif  juiiliRod  m  (.■otiL-lintlnj;  Itml  aiiiinaU  have  u  jieculiar  kind  of  elw- 
trieiiv  and  that  it  is  nf  vt-rv  groit  lii)|inrt»iuv  Iti  ihv  ruiuilntiis  nf  t]w  animal 
body;  iu  fact.  phpiolopH-ts  of  that  time  liiouglit  their  dream  nf  a  vital  fnrce 
wag  al  Ini^t  tn  lie  rufllixetl. 

It  wasi  rcsrrvod  for  the  disrriminHtin^  insight  of  V'olla  to  show  that  these 
[■(tntruclioii^  arc  coticlitiniitHl  iifHin  ihi-  iliK-iiiiilnriiy  of  ifii'  t»'<i  cinU  nf  thi! 
nwlal  touching  the  nioi'il  toiKluctor.  «nil  ii|K»n  Ihi'  imxhirliim  lln-rehy  of  a 
galvanic  arc.  Further  investigation  firovLnl,  however,  that  electricM  differ- 
enres  of  pttientwl  i!o  ixrur  in  llw  imiiiml  Wriy,  Tlie  evx'iit**  hi(itorioal)y  itinst 
imjiorlant  fntni  Ihi*  point  nf  view  are:  llie  Hifitoverv  of  the  -lo-cftHod  frng 
currvnt — i.e.,  of  a  current  nitiniii;:  from  tin-  feel  l^i  llie  Iieaii  of  the  frog 
(Xohili,  I8S7):  the  <Jeni(mM ration  (hat  the  iMilated  iiiiisi;Ie  under  deniiile 
rirrattihtanre^  given  a  regular  current  {Matteuri  and  Ihi  BoiB-Reymond, 
16iO-ltJ4:>) ;  the  dijieover}'  of  the  elt^trical  variations  ia  muMiular  activity 
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I'tE.  3D. — SelNtna  n>|>mmtin|t  llir  riirrmt  «if  injury,  ryr  <li?tntiiTal1no  oarrent.  In  a  mUMrIf,  aftfr 

Kiwier. 

(Mattcuci  and  Da  Bois-Rcymond.  114-1:3):  and  the  dijteovery  of  the  nervo 
current  and  il.-:  vnriatinns  (Oi:  RniA-Itevnmnd.  IK43). 

The  ohjtvt  iiir»st  usiil  in  tht^w  iiivefiligafious  is  erotw-strioled  mURC'le.  If 
iwo  point*  of  an  cxseeto<I  miiJ^'U-  he  eoniieetwl  with  a  galvanometer  an  e\eur- 
ftion  of  the  nrwllc  nearly  alwayo  oecur:*;  hetwoen  the  two  points  of  the  iiiuwic 
there  i»,  therefore,  a  difference  in  tentiion.  More  detalleil  ^in%\\  hiw  f^hown  that 
the«e  I'-iminii  differetic*-!'  iire  |)erft.t'tly  n-jiular.  ami  in  imiwles  with  pnmllel 
filwrx  thi'V  have  hi-cn  found  to  take  (he  following  form  ( Dn  Boi*-ReyiTiond) 
(rf.  the  rrherna  in  Fig.  3!0.  If  ft  longitudinal  (^iirfaee  and  a  traniiversely  cut 
stirfaee  of  such  a  miiwlo  lie  eonneetecl  with  a  galvanometer,  a  current  ia 
olilaintn),  whirh  in  itie  mnsrie  is  direeteil  from  the  Iransvcrw  to  the  jongi- 
tuilina)  s'lirface.  an<l  whieh  n-aeluv  its  greati-jil  intensity  (H.Ofi  to  (I.OP  volt) 
if  ilw  h-a^hng-off  elef-tro<h'!)  are  placed  in  the  niiddle  of  the  two  surfaeei*. 
If  two  asrninieirirat  pnintu  of  the  longiludinal  Mirfaei'  In?  led  off  weaker  cur- 
rent* are  "Iitained.  whieh  in  the  muscle  are  ilinvliil  from  the  periphery 
towan)  the  middle.  With  two  asymmetriefil  point.-*  of  the  cross  section  a 
cnrrent  i«  ohlaim^l  which  pa.'!4i^4  from  the  middle  toward  the  periphery. 
Finally,  if  jtyrauii'trical  points  of  the  cnwa  section  or  of  the  longitudinal  sur- 
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face  be  connected,  no  difiEcrences  of  tension  are  shown  (Fig.  29,  dotted  lines). 
From  these  facts  it  follows  that  the  entire  longitudinal  surface  of  the  mus- 
cle possesses  a  positive  tension,  every  cross  section  a  negative  tension. 

It  has  been  showu  by  Hermann  (1867)  that  in  an  entirely  uninjured,  rest- 
ing muscle  there  are  no  such  differences  of  tension.  If  the  skin  be  removed 
very  carefully  from  the  gastrocnemiuB  of  a  frog  and  great  pains  be  taken  that 
it  does  not  come  in  contact  with  the  secretion  of  the  skin,  no  current  at  all,  or 
only  the  very  weakest  one,  is  obtained  when  the  muscle  is  connected  with  the 
galvanometer.  If  on  the  other  hand  the  muscle  be  injured  in  any  way  in  the 
neighborhood  of  one  electrode,  a  strong  current  appears.  The  iminjured,  resting 
heart  also  gives  no  current  (Engelmann). 

These  and  other  discoveries — among  which  should  be  mentioned  the  fact 
that  the  current  of  injury  does  not  appear  in  its  full  strength  immediately  but 
develops  gradually — induced  Hermann  to  propound  the  following  theory  in 
explanation  of  the  current  of  rest,  which  at  this  time  is  the  one  most  acceptable 
to  physiologists.  The  cause  of  the  difference  of  electrical  tension  in  the  resting 
muscle  lies  in  the  injury  which  it  receives.  In  a  partially  injured  muscle  every 
point  of  the  injured  portion  is  negative  to  every  point  of  the  uninjured  part. 
The  facts  may  be  expressed  in  the  following  general  proposition:  in  every 
injured  muscle  fiber  the  demarcation  surface  between  the  living  and  Ike  dead 
contents  of  the  fiber  is  the  seat  of  an  electromotive  force  directed  toward  the 
living  part.  On  this  account  Hermann  designated  the  current  of  rest  as  the 
demarcation  current. 

Exactly  the  same  electrical  phenomena  as  in  the  resting  muscle  appear  in 
resting  nerve. 

Electrical  currents  appear  also  when  a  muscle  or  a  nerve  is  active,  and 
these  currents  are  intimately  connected  with  the  functional  condition  of  the 
tissue.  The  general  law  of  these  currents  {action  currents)  may  be  com- 
prehended in  the  following  statement:  Every  active  portion  of  muscle  or  of 
nerve  maintains  a  negative  relation  toward  the  resting  part  (Bernstein, 
18(iT).  We  can  therefore  condense  the  law  for  the  rest  current  and  the 
action  current  into  the  following  siniplo  formulation:  In  mtiscle  and  in  nerve 
every  active  or  injured  part  maintains  a  negative  electrical  relation  toward 
every  other  part  which  at  that  time  is  at  rest  or  is  uninjured. 

Further  study  of  the  action  current  will  Iw  postponed  to  the  discu^ion 
of  the  general  physiology  of  muscles  and  nerves  (Chapter  XV). 

We  meet  with  analogous  electrical  phenomena  in  many  other  tissues.  The 
currents  prcweiif  in  glaiidK  are  <if  s|H><'ial  interest.  Du  Bois-Reymond  proved  that 
the  skin  of  the  Amphibia  is  the  seat  of  a  current  directed  from  without  inward 
which  he  ascribed  to  the  secretion  of  the  skin  peculiar  to  these  animals.  Later 
invefitigationa  have  made  us  acquainted  with  similar  currents  in  many  other 
objects  (mucous  membrane  of  the  frog's  tongue,  of  the  pharynx  and  cloaca  of 
the  frog,  skin  of  the  Amphibia  and  fishes,  and  of  the  leech,  etc.),  and  have 
shown  that  they  are  generated  by  the  mueus-forming  ci>ithclia  eomitosed  of 
single-celled  glands,  as  well  as  by  other  epithelia  not  glaiididar  (Keid).  Both 
the  strength  and  the  direction  of  the  current  of  action  may  be  modified  by  such 
agencies  as  pilocarpine,  which  stimulates  secretion,  by  excitation  of  the  mucosa 
or  of  the  glandular  nerves,  by  changes  of  temperature,  of  the  blood  supply  and 
d  the  water  content. 
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\\c  fiml  similar  »kin  nirrcnls  in  itM  MnniinAliii  ineludintr  niftn.  If  iha 
two  lianilfl  or  llu:  two  fitct  ul  a  man  U;  li^d  nlT  sYiniitc-lriciUly  to  ihi-  gnl- 
vanoiiH^er  and  one  arm  or  ooe  foot  U*  lucircU  voluntarily  ihe  ucetlte  niakeR 
an  oxLurnion,  which  U  not  eauBL-J  by  the  rauscular  eontrai'iion  in  iiwlf  but 
by  the  proci-ss  of  H?crinion  gning  on  at  th<^  santf  time  in  llic  swi-at  glaiKla  of 
tlic  i.»)ntracteit  ejitiviiitty.  TUi.s  inirn-ni  |ia(^>4«  from  tlii!  (iiiti«iclc  tit  \]in  iiL<fide 
of  llie  Klein.  A  vt-ry  similar  itkin  currunl  haa  bivn  olixcrved  in  the  sweating 
of  ilitTeront  mammals 

Biedennnnn  obtwrrtii  thai  one  cannot  draw  a  aharp  lino  of  floparatinn  lirtwppii 
rurrvut  of  n-^t  aii<|  (.-urri'iit  of  acti<^n  in  i>|iithelial  anii  iflandutar  oi'll^  fur  tb« 
rra«i>ii  thai  the  difforrm-*'*  iif  leiiHion  mel  with 
an*  fllway^  ihe  exprp8i»ion  of  (liffLn*m*tit  in  tho 
f  bpmical  rt-lationa  of  the  neif;hlM>rii)K  |mrt».  T'rom 
thijt  |M>int  of  vii'w  it  uppearB  qullo  iirbilrury.  or 
incorrrct  indeed,  to  t>peak  of  the  vnrrent  nf  ri«t 
In  coutradlstinction  tu  the  eum-nl  of  ui-tion  <if  a 
glandnlar  olnirtnre,  »inw  in  both  vai>f*  one  iloals 
with  ibt-  offiLvts  u{  ti'rtain  imtabdlie  pnj<-«-sseti 
gDtnit  on  ill  )lflittil<>  pnrtH  df  the  i-i-ll  \n<iX\\  whii-h 
bj  dim.>t  ur  iu<lin-<'t  stiumlaliuii  art'  only  rUuiiifi-iI 
in  ctti«-  dlnt'tion  tir  aimllK-r.  It  i>*  Ih'IUT,  thvn- 
fon\  lo  nay  ihal  the  Dniinary  skin  cnrn-ni  i^i  pm-  »Vl-VV> 

dtim]  by  ihe  m-gativily  of  tb»t  jHirtioii  of  tti*-  ecll 
whii'b  i»  beinfr  tranHfnrriiMl  inlo  iiiui-uk.  Inward 
ihf  prutoplaiinuc  portion  (llemiunn). 

As  above  rpmarketl,  thiH  inwardly  (lirecte<l 
cDrrrnl  mu,v.  iindt-r  eertain  cireiininlani'cK.  un- 
ilerp*  a  <"«niiplrit'  rpvi-rsn!.  To  explniii  tlii^  we 
i-ao  iiiAk*^'  oiil^-  one  aMKUinption,  namely,  lluit  the 
•uma.-  t^pitlii'linl  •■ell  bn"  th<*  jwwcr  to  aei  elwlri- 
cnllj-  M>mi'time»  in  mie  «mm',  Kcimeiiriii>H  in  the 
oilier.  Thin  is  Uirne  <nit  by  ihi'  fad  ihal  each 
evil  t»  the  M'al  of  two  different  rhemiiral  proctiMes 
(amitnilation  and  dtftairoilatioii),  which,  Koin^  nn 
at  lh<'  luimp  timt;,  irivp  riite  lo  nppOKilc  lemtionH. 
The  'kviution  occaiiionally  obtHrrvod  would,  ae- 
rardiuic  i«  ihis,  always  be  the  rcHtiltant  of  the 
two  aninf*(inii<tii'  fonvs   (Ilerinfc.  Hii-dcrmaiml. 

It  U  piHsihIe  ihut  a  rflatinnnhiii  ttimilur  lu  t\i\n  vx'tnU  betwn-n  iho  chomtenl 
Itntctf^M.-^  undi'rl.vtiiK  tlie  itei-rettoii  of  witler  no  the  hum  band  nod  Ibi-  Hn-relion 
uf  orvanieMll.v  »|it'cilic  con"lilui'nl«  on  the  other  ( Hiedi-miamit.  lVrb«p>^  frvini 
ibia  |Hiiut  uf  view  are  to  \»  explaintK]  ei>rluin  resultii  obtaintHl  with  the  diKeslive 
iclandn.  of  which  nion>  in  Chapter  VII. 

Clwtriciil  curn-nts  have  been  domonxtratod  even  in  plants,  where,  jurt  aa 
in  the  animal  tisiiuei,  an  injun^l  place  is  found  to  Ih>  eto<>tro-n4>t;ntive  to  an 
uninjun.'<i  phnv.  Electrical  effects  appear  ali^o  under  appropriate  circnm- 
i>ratH-«-!>  in  ei-rtain  parts  of  plants  which  are  entirely  nninjiinil.  Tlui'*.  «iiffer- 
rm-n>  of  tension  are  ohiaineil  l»etwiHm  cells  or  cell  lerritorioji  of  an  organ  or 
of  a  whole  plant  which  maintain  different  chemical  relatione  to  eaeh  other. 

For  exAinple,  according  to  Waller,  the  pruee^^e!?  taking  plnce  tn  the  forma- 
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Via.  30, — Tht  cnun  ft  6*h.  Tirrpfito, 
ilinwlM  (o  kIkiw  fln'lrii'  a]^ 
iwriilitn.  kftrr  llioclcy.  U,  Rill*; 
e,  timiii;  f,  vtrvtrir  i>rgan ;  y, 
rrnniitm'.  mr,  t^piiwl  mnl;  »p, 
bmnebcM  of  |>iirunioB>i*tnc 
m^rvalurlcctrtcorKMiii;  tf.cyr. 
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tion  of  starch  niv  IiouimI  up  witli  clct'trniinjliw  (iIurnntTii'iia.  If  a  sliadi-d  him] 
Hii  i'xposotl  (idit  of  II  fin-ou  IftiT  (Fig.  It)  be  t.-otiin.'cU'ii  with  a  ;;iilvaiiomrlor. 
w!ieii  till'  !i;:lil  full-^  (Hi  tin:  fxpnscii  jnirt,  an  electric  eiirri-nl  i»  oliscnw]  which 
runs  in  Ihu  lent  it!*<>lf  frmii  the  iiwilattfl  \o  the  shadwl  part.  Tlie  <lo(i«- 
liiin  W^'ins  after  i^ioiii*'  throe  to  ten  st-conds  and  l»i.-ts  as  long  as  Ihe  illunifna- 
tinn  **niiliiiues,  if  thnt  tiint'  docs  Tint  iiiinninL  to  HKirc  lliiin  almnt  five  min- 
iitei'.  The  effect  h  least  in  dHfti-se  da>lip:ht,  sreatt^t  in  dirwl  sunlight  and 
is  aholished  hy  boiliTifj  the  leaves.  All  such  effect*  arc  abacnt  in  flower  pni^ 
devoid  of  chlnniphvll. 

Whether  Ihese  olectricnl  variationti  have  any  general  significance  for  the 
cells  exhiliitin^  iheni.  or  for  the  individindu  cuiitaininiJ  ihe  cell.-*  we  cannot 
say  definitely.  But  the  matter  i.*  ck'arer  in  the  v&sv  of  the  wull-kriuwn  elec- 
tric fishes,  of  which  there  arc  many  different  spccifct.  In  most  nf  these 
fishes  the  electrical  organs  are  luelainnrphDj-ed  inuHcIiw.  hut  in  Afuhphrnrutt 
it  repivseiilrt  a  traUt^foruiation  of  the  glands  of  the  nkin.  In  rest  the  organ 
rthows  ni>  current:  hut  luuler  the  influence  of  the  ripecific  nerves,  an  well  as 
hy  direct  «tiniulali'm  it  develops  very  strong  eieclnir  currentn.  the  forc-e  of 
which  in  llie  i-raiiip  fish  ( Kig.  .ID)  ftmonnts  to  ihirty-one  volts.  That  such 
ciirrentw  must  1h*  of  ^^reat  wrvice  for  these  animals  in  their  Blniggle  for  esist- 
eiice  i»  at  once  perfectly  ohvioiis. 


§3.    THE  EFFECT   OF   EXTERNAL   INFLUENCES   OH   CELLS 
A.    on   STIMULI  m   GENERAL 

The  fundamental  property  tn  which  we  trace  the  total  activity  of  the  liv- 
ing Kubiitance  in  itt<  irrlhihility — i.e..  Iti^  ahiliiy  nrider  tlie  influence  of  all 
kind*  of  BfP'titu  to  chan;:e  it*  nietaUdi!*nj.  ami  tlier*'fore  to  change  it«  Irans- 
forriuition  of  cnerjn\  in  one  direction  or  another.  All  those  agents  which 
huve  the  power  Lo  evoke  a  change  of  this  kitul  are  called  stimvli.  Among 
them  are  to  be  includt^d  difTcn-nf  chundcal  n-agentit,  niotdinnical  agents  of  all 
kinds,  lieat.  light  and  ehilrieity. 

The  eliiinge  in  nietalMiIium  produced  hy  a  sliniutn*  i*  either  dissimilft- 
tiTC  or  niijiiniilative  (ef.  mpra  ])agc  Hi),  In  the  former  there  is  n  produc- 
iion  of  I'int'tic  enrr^if  and  the  proei's^s  taking  ])lace  in  the  cell  is  descrihed  as 
jin  ej-ritntum.  In  ihcr  hitler  we  have  a  ct^ring  of  |iolential  energv.  and  the 
change  is  often  descrihed  a;*  a  tro/iiiir  clTect.  The  sliTiinliis  inay  Imwi'ver 
chi*ck  iiiclaholisrn  for  a  longer  or  shorter  time,  may  bring  it  to  a  utand-ilill 
momentarily,  or  stop  it  allogether.  We  speak  then  of  a  pfiralifsit  of  the  crfl. 
I'aralvHi*  n^presenth  a  negative  condition  with  respect  either  lo  the  assimilative 
or  the  ilitwitnilativo  rcj;pon>os. 

By  itiiiiiulatioii  of  certain  nervett  the  dissiniilative  action  of  the  innervated 

org^n  may  In-  idiitliKlKil.  Of  BUch  phenumeiiu,  described  as  inhihiiion,  the  influ- 
emn?  of  the  va^iin  cm  the  heart  bus  ln't-n  must  closel.v  studied.  When  the  vagus 
is  stimulated  nrlitieidlly  the  henrT  lioats  more  slowly,  and  with  a  Htimulus  iitrong 
cjioiiph  it  5tfip3  ill  dinsli.le  {the  iimthei-^  Wt-ber,  I84tl).  Thi»  inhibition  is  not 
n  kind  nf  imral.vitiM.  fi)r  phenomena  U>  be  described  later  (Chapter  VI)  show  that 
while  tlie  heart  in  vairus  standstill  is  inexeituble,  il  is  nut  |>u raI.vrj(Nl. 
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The  BMiRiilativf  and  tlijwiiiiiliiUve  pitHi?*)ie}*  ofU-n  yn  on  vUle  by  nidt*  in 
the  Mine  1*01 1.  Since  iht-  lnltt*r  nrc  lit-^t  known  il  will  Im-  well  lo  diRCiiHS  thcra 
first.  Wo  i^hiill  make  livu  gont-ral  obt>ervatious,  wliicU  apply  tu  all  di;ij)iniila- 
lifc  proce^Mv^. 

1.  The  prmiuctimi  of  cnerjiy  in  many  times  at)  j^at  an  the  energy  of  tlio 
fitimaliH  cniploywl,  whii-li  will  apiwar  for  ftxaniple  in  the  folUmin^  cvpori- 
m<?nt :  A  frojr'n  jta^^trocnemiii!*  is  fajttemvl  in  a  clnnip  by  tho  femur  Htid  a 
Wright  nf  18.3  pm.  w  suspended  from  it^  lower  cnil.  The  nerve  nllaehed  to 
the  raui«Ic  i^  laid  upon  a  )«olid  bitx'k.  If  nnw  a  weight  of  0.485  gm.  \)v  allowed 
to  foil  upon  the  nerv<'  from  fl  hcijfht  of  ifl.t  mm.  llie  mujtele  eontrflH.s  and 
lifts  the  weight  .'I.S  turn,  hijrh.  The  work  done  by  the  muscle  is  4H.Tt  x  3.H 
r=  Irtl.;{  ;;ni.  mm. ;  while  Ilie  artivo  foreo  nf  the  stimulus  is  cqtiivalent  tn  only 
0.4rt,'i  X  in.I  =  (.!»  j^i.  mm.  nf  wrtrk.  The  niwhaniwil  wnrk  nf  the  niu»cle 
called  forth  in  therefiire  about  Ihirty-^'iplit  lime.i  the  active  force  oT  the  sliiiiu- 
hu.  tnkin^  no  account  of  the  hwil  dcvi'lopcd  by  the  muwlc  at  the  ^amc  time. 

All  other  ci'lU  conduct  thcniselveii  jn>t  like  the  mu'iele  ccIIb  in  this  ex- 
periment, when  tbcy  dciclop  energy  tbrougb  diHximilalive  proeei*^e*.  We 
meH  with  nntuert)Ui<  analof^ies  al<«o  in  inanimate  nature.  Knr  example,  a 
weight  of  in  kg.  susiM-ndcd  by  a  i-'ml  U*  ni.  above  the  floor,  rqirtiw-'nls  a 
|».i|i*ntirtl  euerj^v  of  UHl  kjj.  ui.  In  order  to  clmnjje  this  |ioteiitial  energy  to 
kinetic  <kv  hare  only  lo  cut  the  conl,  whii-h  nf  cournc  does  not  call  for  an 
olTort  of  UHI  kg.  in.    The  wiiuc  is  true  when  |Miwder  is  exploded  by  a  match.  I'tc. 

In  all  such  ea«e.s  we  i^pcak  of  energy  having  Ix'cu  librrtiled,  a  t^rm  which 
amveys.  to  4mr  minds  the  i<lca  of  an  impelii.-*  by  which  a  transformation  from 
potential  In  kinetic  energy  is  prtKhierHl.  when*  in  the  nature  uf  llie  ease  Ihe 
hizp  of  the  impeluH  mn-d  lu'  only  very  insigriificiint. 

2.  (ienerally  i^peaking,  in  order  to  call  forth  a  deniom-t ruble  elTrtTl  in  living 
*uli-tanre.  Ihe  otimulufi  is  etfective  only  from  a  certain  minimum  onward.    If 

-itimulni'  irt  inrri.'aM'd  above  this  l>y  unifurrn  increments,  the  resijonsu 
ally  iucrea-«.*f.  but  the  iucrcasc  t»ei't>uiv!i  Icj't  the  stronger  the  total  sliinu- 
Injt.  until  finally  the  ma\imum  reji]K»ui«o  ii*  reoehi.'d,  bcyoud  which  it  cannot 
riae  however  much  (he  stimulus  ip  jitrenglhencd. 

3.  v\lioth«?r  property  charactcri.stie  of  the  lichnvior  of  living  protoplasm, 
which  is  de»fbi|ieil  to  dilTiTcni  degrw>»  in  diffi'irnt  cells,  is  its  power  to 
mmtaatf  the  rffrcts  of  ulimuti.  If  a  loiuied  muscle  be  airtvte<l  by  a  maxi- 
mal stimaluK,  it  contracta  lo  a  certain  exlonl ;  hut  if  it  he  afTocted  by  another 

imulux  bt'forc  (hi«  eontrnelinn  ecaM-s,  it  eonlraebs  ^till  further.  With  a 
fliriently  rapid  **urceiision  of  stimuli  contraction.'s  may  be  obtained  which 
■m  very  niuch  stronger  than  that  obtained  hv  a  single  HlimuluR  with  the  ^mc 
lowl. 

i.  AH  excitation  proeeii-*cs  are  accompanied  l>y  the  development  of  heat 
fend  electricity.  The  other  forme  in  which  the  di!*similBtive  proce«.i«»?"  manifest 
thenuelvcbi  differ  with  diffe^'nt  kin)!.*  of  ii?IU;  lowai-d  every  effective  ^liniu- 
lufi,  n  rell  'itwat/A  rrartn  in  n  wntf  winrh  is  rhiirnrtfriHtie  fur  its  kind.  Thus 
whateriT  thi:  Ktimulus  eniployeii.  a  mumde  cell  always  resfwuda  with  a  om- 
traction:  a  salivar)*  gland  coll,  when  stimulated,  always  secrt^le?  saliva,  ete. 
In  the  following  diseu^-titm  nf  the  ditTerenI  i^tiniuli  it  will  not  1*  necessary 
to  enter  Fpecifically  into  the  various  formti  of  activity  of  the  diilcrcnt  cellt^. 
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5.  Those  agents  which  evoke  a  response  as  a  rule  also  alter  the  excitahility 
of  the  living  substance — i.  e.,  under  their  influence  a  given  stimuliw  pro- 
duces a  stronger  or  weaker  response  than  if  it  were  acting  alone.  We  must 
therefore  make  a  distinction  between  excitation  and  the  alterations  of  excita- 
bility "(positive  or  negative).  An  excitation  may  be  said  to  have  taken  place 
if  a  given  stimulus  can  be  shown  to  have  started  a  dissimilative  process.  If, 
however,  the  stimulus  produces  no  effect  of  this  kind,  but  a  second  stimulus 
under  the  influence  of  the  first  produces  a  response  stronger  or  weaker  than 
it  otherwise  would,  then  the  first  stimulus  has  increased  or  diminished  the 
excitability  of  the  cells  stimulated.  If  the  stimulus  becomes  too  strong,  the 
functional  powers  of  the  living  substance  may  be  either  reduced  or  destroyed. 

B.  AUTOMATIC  EXCITATIOH 

When  protoplasm  is  protected  from  all  possible  external  influences,  it 
still  exhibits  the  functions  which  we  have  learned  to  regard  as  essential: 
absorption  of  food,  motility,  digestion,  heat  formation,  etc.  There  must  be 
therefore  inside  the  cell  something  which  calls  forth  its  activities,  and  from 
all  that  is  known  to  us  on  this  subject,  we  may  assume  with  a  high  degree 
of  probability,  that  the  excitation  is  caused  by  the  products  of  metaboliatn 
formed  in  the  activity  of  the  cell. 

The  siffnificance  of  stimuli  arisinff  in  the  body  itself  appears  from  dis- 
coveries which  have  been  made  concerning  the  activity  of  the  central  nervous 
system  in  the  higher  animals.  If  for  example  a  rabbit  be  choked  by  compression 
of  the  trachea,  within  a  short  time  there  appear  powerful  respiratory  move- 
ments, convulsions  of  the  whole  body  musculature,  contractions  of  the  vascular 
walls,  etc.  In  this  case  the  decomposition  products  normally  eliminated  in  the 
expired  air  are  retained  in  the  body  and  bring  about  the  powerful  stimulation 
of  the  central  nervous  system  in  the  manner  observed  (cf.  Chapter  XXII). 
Similar  phenomena  appear  when  by  extirpation  of  the  kidneys  the  fluid  decom- 
position products  otherwise  removed  from  the  body  by  them,  are  allowed  to 
collect  in  the  lK)dy  in  lai^e  quantity. 

The  direct  excitation  produced  by  metabolic  products  is  called  automatic 
excitation,  because  the  exciting  substances  are  formed  by  the  activity  of  the 
protoplasm  itself.  That  is  to  say,  in  this  case  the  cells  develop  within  them- 
selves the  stimuli  which  rouse  them  to  continued  activity. 

C.  CHEMICAL  STIMULATION 

Automatic  excitation,  as  it  is  here  defined,  is  a  kind  of  chemical  stimu- 
lation, and  fundamentally  is.  so  far  as  we  can  judge,  of  exactly  the  same 
nature  as  the  excitation  which  we  can  produce  artificially  by  various  kinds  of 
chemical  substances. 

Unicellular  organisms.  Amceba?  and  other  Rhizopoda,  are  made  to  con- 
tract l)y  contact  with  a  one-  to  two-per-cent  sodium  chloride  solution.  0.1-per- 
cent hydrochloric  acid,  one-por-ccnt  potassium  hydrate  or  weak  solutions  of 
other  acids,  alkalies  and  salts;  tlicv  draw  in  their  pscndopodia  and  assume 
a  spherical  form.    The  same  substancct!  cjuieken  the  movements  of  the  flagel- 
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Tllinl  am!  riliatctl  iv\U  i^itietiiiic!!  in  a  vitv  lii;,'ll  depreo.  Xcrv<^  mid  niUM?lcit 
»>[  che  Mi'lazua  as  wv\l  us  lliv  eoiitiuelile  (ih*.'r»  of  llu-  liiiiglt'-celicil  •irj<anii'm9 
bchnve  in  a  «iniilar  nioiuicr.  A*  regards  muscle  fleriiig  has  ^hnwn  tliat  vari- 
ous MilMtancPii  whieli  for  a  lonjr  tiinr  were  «up|«)iioil  to  ^tinmlale  diemirally. 
in  fact  nliiiiutate  hy  el(ihin>;  the  (K'niarciLlHUi  inirn-nt  uf  tlu'  niiifclc.  Mere 
lK.'1'jiig  llif  »o-vallwl  [iliysioIo^iicHl  full  dilution  ^0.(>  per  cent),  solutions  of 
flxiil  alkalies  up  (o  0.1  per  rcnl,  and  ilifFerent  salt  snlulJons.  Solutionis  al.to, 
wliich  »(imulato  clicniicalty,  may  cause  niii^-ular  corilnietionn  in  tJiifi  way.  if 
llwy  an.'  jjood  it>mliiclnr^.  A  jnirety  ebeniical  stimulalinn  of  tlie  riuiFiele  lake* 
place  therefore  only  liy  nn-ans  of  tliii<l>i  wliieli  do  not  ronduet  eleetrieity  or 
i]o  ho  vnrj-  poorly,  or  by  means  of  fnibslancos  applied  only  to  the  nuinjured 
longiliiilitinl  surface  of  the  miitfcle. 

A*  Binlermatin  has  Bhnwn,  tlie  ero«i-strifll€!iI  irniselee  of  the  froR  fall  into 
Hi.vthmi«*«l  rtintTAflions.  if  ilicy  arc  phir-ot)  in  wmk  actlutiuuo  of  XuJirO,, 
Na.rO^  NiijSO.,  XrtOIf.  ^A'C^U  hiiH  Btndii^)  ihcsr  onritnwlion-t  furlh<T  in  the 
liffht  iif  the  <liM>iai«inli')ii  iIkih^*,  iiiu)  lino  ^'omc  l<i  t\n-  i-onclusinn  (hat  llii-.v  arc 
pnuhi<t-i)  only  by  ctTtaiii  ions  (p. r.,  Xa.  CI,  1^1.  K.  Ilr.  I),  but  an-  imi»e<lrij  or 
mMhrril  im|io»sibh'  by  oihi-rs  t*'.  c..  Cii.  K.  M(r.  He.  iSr.  Cn.  Mn) — tliK  pxciu- 
biliiy  <if  ihf  mtiwle  not  brinjr  ohnnRcd  in  either  rntw.  Ilydnixyl  ami  hydri't'en 
iotk*  hmi>trn  the  appearance  of  tlie  i>un1  rat-tiunH  without  beinR  nblr  directly  lo 
ciJI  tlwni  forth.  Solulions  which  do  not  contain  pli'ctnilytc«  produce  no  such 
cnntnirtitiiis. 

The-  ihrarctieal  HisniOcanee  of  thew;  and  related  facts  cannut  he  discuHscd 
here  bniiiuM'  we  cnnnot  yt^t  ailitiUHi^'l.v  survc-y  thi-  fi<'ld  nvciiily  iiiwned  up  by 
thriw  invi-<itiKalinn'<.  Wp  muy,  hfiwi-vrr.  i-xix-i-t  fnim  this  <)uartrr  v«>r>'  valuable 
rr«ulls  mi  the  r>henii^-al  rflatit^ms  vi  llic  liviiiR  b<'ioK  in  thf  nvnr  futuri-. 

Chcniii'iil  '•tittuili  wbirh  biivr  ii  htKbcr  oHmoiio  tt-itf^iou  ihiiu  tlinl  uf  tho  t>1ruc- 
tnm  1(1  Uv  i^timulnted,  may  exprciw  an  cxoitinR  inlliw'inn'  or  may  idlor  the 
ntciuibility  by  the  exlrartion  of  water,  as  probably  oecura  in  many  oum-a  nith 
thi-  nerve*. 

Th*(  this  is  not  the  only  detonniniii|:r  factor  however,  and  that  tho  pc<nilinr 
pr>>iwrtii*e  of  the  clipniieid  subslnnt'e  exorcist'  an  t^^tenlial  influent^-,  apiK-am  from 
IImt  fact  ikal  "juimoUrtilar  gotuiiuna  in  ijeriTtil  xlimiilutr:  more  poirfrfuUy  Hit 
higher  the  moUrtitrir  u-eiitht  ttiriilMicr).  Tbui*  t>odiuni  iitdidi-  for  cxaiupte 
atiniulnt>-5  morr  [wiwt>rfnlly  than  the  bromide  uikI  ehloride.  whereas  the  oamolic 
trniM'rnt  of  nil  Iht-w  \»  (Hiual. 

BtwidfiA  the^  direet  re^ponsci:  to  atiniuli  and  Ihe  atterationtt  of  eveitahility, 
which  w<*  nnixl  |his>:  over,  certain  subp^loiu'tv  PxereirH-  a  vur>'  ivinarkahh*  inllu- 
i>ni-*>  *  on  Ihi*  movcinpntf  of  free-living  ivIU  4jr  nitrmtinij  vr  rrpfthn;/  thftn. 
"Vhf**}  phenomena  are  designated  by  the  lonn  chfrnoiajriit  and  are  described  in 
the  one  e»M*  a>>  pnsiiivt',  in  ihc  other  ae  negative.  Different  i^uhfllancea  exor- 
ciw  dilTtTfot  inflnenc<^  on  various  c«*!ls.  and  Ihe  same  suhstaniv  in  different 
cfilKi-niraliotm  may  pntdnee  difTer»'nt  effects  on  the  name  organism. 

Some  exaaiph«  of  rhcmntaxiH  may  be  cited  here.  Certain  forms  of  Bac- 
ti>ria  arr  nilrnetnd  hy  njtyircn.  ond  in  a  rnirroiwopicnl  preparation  whioh  ci-ntaiiis 
iht^c  Bactrria  lojjrther  with  some  alfta  cells  one  may  observe  how  ibry  R«ihL-r 
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Qr<^)uiid  Ihe  alirn  ilrnwii  by  tht-  uxytlCL-ji  wliicb  U  act  fret?  by  the  cblorophj'll  (Fig. 
31.  EiiKclmniiri). 

If  H  <m|iillnr.v  tiilic,  fused  nt  ono  end,  Sp  filled  with  a  f>.l>,'V-jM'r-cent  solution 
of  malio  aeiil  iimt  tlip  opL-ii  cml  itf  it  bt-  [rluoMi  in  ii  lirup  "f  wuU-r  I'oiilfliniii^ 
the  Hpeniiut<ixoi<]>«  ■•('  u  ft-rii,  »u  llmi  ibit  acid  can  tlifluM!  tcniduulb'  itilo  tlu-  water. 


■  -  .  ■  1  V  .__A  /.-■.-  ■  -'  ■■  -  -  ■    -i'-'  • ', 
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no.  31. — IlluHimlinK  i'h<'nintnKi«.  Tho  rhtnmplivll  IwhIIm  in  Ihp  ivlla  nt  Mrtamrptu  tetdaris 
under  lEic  infliLi-iiri*  rt(  1i|thl  llhcrnlo  oxyKi'n  :  'Kc  liat'ifrin  urr  nirul  nhiiniliuit  wl><>n>  llu'  I'liln- 
nipliyll  Uiilir^  lii-  iii'imTi  itiP  flur(iii'<- — -t.  t:,  whrrc  tlip  lil»-rutii>ii  (it  iixy^'ii  m  nitiM  native, 
ufii-r  I-'iijii-ltiiMim, 

Ih^  si|ii-nriiil>w<!tU  Inviii  a1  once  In  movt*  lowani  tlio  D|H"iiiii|r  of  tlie  tulx?  nml  to 
warnK-r  iiitn  il.  Tlif  •iamc  phciiuiiteiioD  uiuy  be-  ubetTicd  i]idi?ed  wilti  a  much 
weak*'r  sclulicii  (<Mi(i]  jicr  ■■iiil.  rt'cfferj. 

It  bus  biHMi  <ilwirvftl  iJiiit  fbc  uUtiw  und  FHllopinn  tubes  of  rabbitB  and  rats 
pxpffi^e  n  positivi'  ohr-Tui'iliiotir'  infliiriin^  tin  tbe  sppniiati»wa  of  the  corre-spfTid- 
ititt  fcpeL'ics.  but  that  lhi.>  oviiry  itwU  in  entirely  imlifFerent  in  this  respect.  Chcmo- 
laxiM  is  L)f  the  ulmimi  im|iitrluiii-(.>  iu  \\u.'.  luUtiwinu  t'omicetiiiu  uU(i.  Wu  havL-  ^eon 
Iiuw  ihe  leueiicytes  have  tlic  [juwer  U>  seize  und  eomiinic  Hacteria  which  find 
their  wfo*  into  the  body.  Thc^f  are  altraeted  to  the  Ractt-na  by  AubtitunA^  (riven 
off  by  tb<ii*<'  orK-fliii-irti*.  \t  »  ciipillHi^-  Mil"-,  coiitiiiiitii);  a  Ktrrilitfd  culture  of, 
wiy  ,S'/iiphijliirt>rrnit  iii/niirnm  nfliiis.  be  iiitinduewl  iiiitler  ihe  skin  of  ii  rabbit, 
after  n  few  hour*  it  iw  lilk-d  with  IfiRiioyle*.  The  same  <!ulture  fluid  by  itself 
cxen'iws  III)  such  iiiHuetice  on  ihi'  Iriuvxryles. 

I.ikfwiM'  wlii'Ti  ihf  l('iT('(iryl4'S  nsnt-iiible  in  a  eerinin  ]ilni?e  fi'r  llie  purposo 
i>f  cnrryiinf  a\va.v  the  prudnelii  ni  normal  or  pnlhulof^ieal  tissue  dcstnieticn.  their 
niinrnlinn  is  enused  by  eheinntAxift  (ef.  pflBP  HT).  In  short,  as  far  an  our  present 
iiiForiiialioii  mn.-*,  we  iimy  »ay  tliut  (Af  miffnilions  of  the  triicvcufn  arr  con- 
trvlifil.  yidVe  inthi'endfnity  of  tiif  ntrvout  stjshm,  tHKtntiaUy  bu  rhemoiaxu. 

Frnrn  these  exaiiiples  it  oiifihl  In  he  fl[>parfnt  that  chemotasin  play*  a  vm- 
great  roll!  in  the  proei's«s^s  nf  the  livliij;  world,  sinee  by  it  the  mi^rallnns  of 
fn>t*-Iivinp  cell"  are  '>rien  einitrollwl  ati-onliiiji  to  their  ninineiitarv  nwde.  It 
in  flien-rnri'  iiiiinK'eiwark'  to  invoke  nny  psychical  properties  in  explanation  of 
£Uch  |)UetioniL'Ua. 

In  the  higher  animatfi  the  ^nnite  of  sin^ll  ha^  been  developed  ai>  a  «p«ciAl 
chemicftl  nuuiie.  U  if?  tnic  thnl  many  nf  the  inovenipnl.i  hiking;  plaee  under 
it»  intliieiKx*  are  to  be  reffanltHl  >\>t  enn.-rinnn ;  hut  in  many  ()tliirr  fii-^e-.-  they 
run  the  cour«>  nf  pure  refloxeji.  and  if  we  may  extend  the  notion  of  cJieinn- 
taxis  tn  all  movements  which  either  dit\>clly  nr  indirectly  iirc  inau^irated 
and  wnirolled  by  ehoinical  jiliuiuli  without  the  participation  of  consciousnes-i. 
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lliwe  may  Ih^  rL-jfiiriUil  a»  lo  «  eorluin  extent  clienintaclio.  Thus  nccontinp  In 
the  l)ii>ri)U);h  analyviii  nf  Kethe.  a  whnk'  onlfr  of  (-otnplirntiKl  hal)it'^  nf  \he 
HiiU  iiiiyhl  bt'  uxitlaiiR-"!  a^;  clicriiotafl ic  rt'aclions,  tmd  iu  llie  bues  MJveral  habits 
are  undoubtedly  of  thiii  ori^n. 


hi^ 


JmninKft  b«x  shown  that  there  W  nothiiiff  specifically  directiTe  about  the 
lotacliu  effeeU  v{  cheiuical  sub«uiiicc«  on  lufusuriu  uiid  Dautcria.  If,  for 
'%gnitii|ilt>,  Hacillum  volutans  be  plnrod  in  h  prepaniLiun  with  a  Kn>(.'ii  nlffii.  iht'y 
are  unirdrmlr  distributed  at  first  tbniugboiit  the  pn'pnralion,  Wht-ii  the  al^n  be- 
ffirw  to  (five  off  oxygen  and  thp  bftcillj  come  by  ohnncf  into  this  zone  rirh  in  0„ 
ihpy  stvtiia  ihroUKh  it  lo  the  o))|)4i>«ilc  nid**,  luni  ami  i*wiin  tiKfitn  U>  tlw  Umler. 
and  BO  on  incenttunlly.  but  they  do  not  adhere  to  any  definite  orientation  with 
n-s|N.>i't  lo  iht-  middle  point  of  the  oxmi^'U  zone. 

(The  Itc-havior  of  on  tiifiiHnrian  under  cheuiit'fll  (^timiilalion  may  In-  ithiH- 
trated,  Acoordinf!  to  Jenning;>.  m  follow-^:  the  ui'Uat  mot4)r  rt-riponitc  of  a  Paramre- 
eium  lo  any  kind  of  an  obAiruolion  itt  to  reTer^n  ibi  cilia  and  Hwim  baekwanl, 
llwii  luni  toward  the  KJdv  (.-uiitainiriK  the  |M^ri«toinL>  and  Mwim  forward  afiaix 
<Fiir.  32).  Wbon  in  its  wande^ill(^«  the  I'uraintrrium  (■liters  a  ilntp  of  dilute  iieiil. 
thi-  (dwmifttl  chnnicc  nf  ihf  nif<liuin  ildi-^^  not  ciiiise  the-  ri'iiction.  but  whciievi-r 
th**  "ivanii^ni  atlemptH  to  leave  ihr  (Imp  the  rheniirnl  ehaUK"-  experienred  ronstl- 
ttitPA  a  Atimnlux  which  rvi>k«^it  the  usual  motor  ri-Apcin«e.  and  the  or);anism  remains 
MifrapIM-d,  ('(imirix  in  cniitaet  with  au  alkali  |iro«lures  the  *nij\f  n-nimiuii-  and 
Ihi*  urKHitiMU  tunif  tto  iiH  to  avoid  llio  MubHtaiitt-.  The  n.i!iuh  i*  that  the  orKun- 
iems  eollwt  in  dilute  aeida.  inehidiiiK  earbon  dioxide  (positive  chemotaxia).  and 
ivfuflo  to  do  Ml  in  alkalies  (neitative  chemotnxif).    But  the  acid  cau  scarcely  be 


/ 
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iQ.  33.— Mulor  fcspuruw  ia  i'aram^aiuin,  alKt  Jraninp.     a-f,  aacMMivc  poMlHiiw  illo  »w«t> 

ioa  an  obRtnictioo,  A. 

lid  to  ntlraci  the  tirpiiiiii'm'*  in  any  prt'it-r  wnse  of  the  term,  nor  the  alkali  to 
^Ttprl  thfui.     Thi'y  noiniin  in  tlie  ucid^  doubtless  beeau.-k-  iIii^m?  itubsiunnen  are 
fsTiimhU''  to   lla-tr  life  prooe«i«s  and  avoid  the  idkalien  bt-caui*  the   latter  are 

irmful. — E*».] 


.leiirviiifT?  rreorit't*^  thia  Bcleotion  by  random  movMuentf  of  roiKlilioii::  not  iiitirfrriiig 
ilii  the  fihy^iolotfiriil  pnNwffiM  Ae  a  fi^ed  pnnriple  of  iiehavior.  nut  only  in  the  ItoicUTiu 
Infuflocia  but  in  hifther  antnuUs  oa  well. — Ed. 
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D.    UECBANICAL  STIMULATION 

In  ii  grvai  many  tiiffi'n-iit  kimis  ot  vv\U  llie  pmihirtion  of  energy  may  Imj 
nrf)ii*M?el  !)y  --^liocks  of  a  |nirfly  mochanicfll  nature.  A;;om-ios  of  tliis  kind  may 
excrrisi'  also  an  iiii]»orlant  inlluciieif  ii|M)n  llic  Idcciiiiiiliiin  of  many  orffuniiini.-;. 

In  Hj  far  an  they  are  due  to  gravitfltioii  those  agemiit*  are  dL*.-§igiialt?d 
a«  gpotaciic. 

The  LvillLftion  nf  Iiifuvorin  at  the  oenlrnl  end  of  a  centrifupe  (JcnRrn);  tlie 
iiiuri-ini-lit  of  Farama-cium  dtivviiwurd  iti  Uk  mcilium  in  coiidilii'ii  uf  huii(ivr  niid 
of  low  lunipierBtTiri?,  bin  niiwjirfl  iiiulrr  ojipdRiI^p  circtiniHlniinw;  ihr  vertical 
climbing  tif  Cticnmaria.  Afltnia,  Astertna,  I'fripieneta.  etf.;  the  orien1n(ii)ii  of 
fishes;  nml  the  liehiivior  uf  u  Heeerebraled  frrj^  iire  jnslaiuvs  of  geotaxiA. 
('hiin||;e»  of  |H>KLliiiii,  eh^riK*^  of  attilutle,  etc..  Uikin^  phic-e  umcuifc  thi-  Mi-lii7:<>a 
(ire  ((»  l>e  rpRanled  as  reflexes  of  n  e(«nip]eji  order,  aimlo^rous  to  those  iiiitinletl 
hy  elifiuicul  »iliiiiuhLlUiii  (cf.  \m\iv  !>4).  Jt  ja  prulialle  that  they  ure  bmuKlil 
nlmiit  nec'orditiK  lo  rhe  nililiide  nf  the  fmimal  hy  the  Htimulnlion  of  ihe  eml 
urgiiiiH  of  ditforeiit  nerves  (i>f  the  skin,  joiiil^.  etc.)  throuf>:h  tlie  presitun!  uf  lliC 
body  ur  ihriiutth  the  [HiU  whi<-h  in  exerted  by  u(isii|fpijrteil  pnrtn.  I^^'inally.  we 
should  uietitiun  Ibe  otolith  ui)|»)nituK  tu  u  seat  <jf  periphenil  Kfiiiiululion  (uf.; 
Chapter  XVIIl). 

A  second  form  of  movom^-nt  pro<3urM  hy  niephiinieal  infliicnrp  is  rheoiaxis!^ 
■ — i.  e.,  rhunge^  of  posilion  indiio'tl  hy  Ihmin^  water  or  eurreiitj^  of  air. 

Ill  int(;n;«copictil  i^reparatiotis  it  may  be  t^hown  that  Kpemiatoxoa  niovo 
again^il  the  current  (UolJi).  i)iid  ii  hu^  LntiitC  been  ktiowti  that  ontn?  the^^e  ele- 
incntary  orpinismft  enter  ihe  f.vidiict  lhc.%'  Nirive  to  reach  the  vein,'  end  of  the 
tulx-,  fiireiiiff  their  wiiy  iifniinst  the  ciirn-nl  prodneii]  by  ibe  eitiiilt'il  epilheliiiiii. 
Wheeh-r  lias  directed  «(teiitioii  to  the  fact  that  air  in  motion  iutiueuces  the 
uiuvemeiiix  of  inftectg  in  a  similar  way. 

Anoilicr  urou|)  of  phcinpim-na  cuiidiiioued  hy  mechaTiical  stimulation  is  th« 
fotluwinir.  Kriijr's  Kpennatuzofi  when  mounted  on  a  wliile  bon-  iulo  idl  the  linle 
acrnti-hes  and  enrviees  of  the  phiss  siirfaee.  These  cells  have  therefore  a  decided 
iriclitnitioii  li>  hi-  in  contiii-t.  with  sidid  bndie:^  (fSm}miytitj:ix).  En  line  with  lliii^ 
Jeuniiiii!>  ha*  found  thai  ffirajnarlum  ttureUa  will  atlivch  itwlf  to  solid  pHrlicles 
in  the  pre;>arutiou.  and  Piitter  haij^  demoni^t ruled  thut  thitcrnetuxiK  reprutieuts 
{irohnhly  n  cpiite  general  plienomenuii  widely  diatrihuleil  anTong  all  elaasies  of 
the  Protista. 

Thiicniotaxit^  in  exhibited  alno  by  many  hiKher  animaln.  There  hn  aiiimaU 
such  as  the  unt*.  wllicli  always  seek  out  the  eniien*-«  corners  and  edges  of  caritiw, 
while  ether  animals  an  eonstantly  i-!>tahlibh  iheniselvea  on  the  eonvex  edjres  and 
enniera  of  biKlic«. 


I 


E.    STIMULATION  BY  MEANS  OF  LIGHT 

Light,  if  we  inoliKk'  only  the  sf>-ealled  illuniinotinfr  rays,  stimulate  directly 
only  a  few  kiads  of  «'IIs,  In  higher  nniinalB  it  acU  nnly  upon  the  virinal  evils 
of  tlie  retina,  on  the  mu»iculalure  of  the  iris,  and,  if  it  Ih?  eimcetilrated 
enough,  upon  the  end  organs  nf  the  heat  nerves.  Likewise  Ihe  -kin  (of 
cortain  invertehrates  h1  len^l)  in.  sensitive  to  liglil  rayn.  In  snrne  iinirellular 
organising  movements  hare  Wn  obus^rved  which  are  undonhtedly  induced  by 


k: 


oxPtfist'  tiiP  iii'isi  prttt'priuJ  intlucnco  on 
Amrvbo*  ( Harrin>;toii  and  ]>>jitiiiiiK).  In  trng  niMl  triton  eiiibry'>^  both  id 
the  egg  and  in  the  vouiig  hinal  stHg^-,  light  i-nlls  forth  pmn(>iinf«l  inove- 
mentii,  tmd  io  this  cftso  the  blue  nnd  violet  riivs  are  iiiosi  [iow<>rfiil  (Fiiisi-h). 
The  Ilhiznpod  Prlumpxa  cantracti<  on  Kiulduu  illunnnution.  A  ispeciert  ol 
tftclrriuin  {photomeirkum)  ii>  stimulated  lo  uctiv*?  mov^-nieuti*  by  light,  while 
ill  tht' ditrk  it  lie-*  jMrfivlly  still.  In  lh«^  nilcros|icctnim  (Fig.  3^)  tho  mnjor- 
ily  uf  tht-H-  HuL-tLTJa  H'Hiiilcr  into  ihit  ultra  n<il,  while  another  colloctioa  18 
furmwl  in  the  orange  and  yi'llovr  (Kiigi.-lrnanii). 

The  effects  on  the  direction   of  niuvements  produced  by  the  light  are 
doignatcd  hy  tlie  term  photutaxis. 

Free-livinfT  unirellular  orKniiiiinis  incIowH  in  a  drop  ol  wour.  collect  on 

the  side  at  the  drop  turnod  lowurd  llio  light  (i)(iisiti%'e  iihoiotnxis),  if  thi^  illumi* 

alioii  i*  mixliTHto.     The.v  fli'c  from  tln«  side  nud  cntllcct  on  tho  o|)iHieitc  edge 

(m-pativf  iih(.>tiilu:tib)  if  ihf  illutiutiuCiuu  i»  sitting.     Thus  wt^  have  iu  different 
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j^i^^j^- 
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Fta.  33. — ^Tbr  *l«lribulion  of   BwetwSm  (Baetrrium  ph')l<nnitricvm}  tn  the  nicrovpfctruni  of 

diKcl  BUiilight.  ikftcT  Eugirlniunn. 

dcvrees  of  itiumination  the  ftame  difference  wiih  which  wc  have  hnoome  ac- 
quainted iindfi"  chemotaxi*.  In  gcniTal  thi>  short-waved  ray»  of  the  Kpectruoi, 
thf  Idur  and  violfl,  arc  the  mo«t  in)|K)rlnuI  in  thii^  din-iliv*'  infliicnce,' 

Loeh.  FitiH?n.  Adami^,  Yorker,  and  others  have  dewribcd  itimilar  ph^'nAm- 
rflfl  among  the  Metazoa.  Karthworm*  espost-d  to  a  light  varying  in  tilrength 
from  192  to  0.01*3  candle  power  exhibit  negative  pliointaxi".  which  diinin- 
iiihej'  with  the  intensity  of  the  light:  in  (1.011  eaiitlli>  jKiwcr  Ihey  exliihir  posi- 
tive phototaxi*.  In  diffuK-  daylight  the  frog  is  positively  pholotactie:  in 
direct  sunlight  it  eihnvs  at  tirttt  positive,  then  negattrc  phoTotaxi.4. 

The  movetnentn  of  the  i>i|inient  (<eltK  of  the  retina  by  whleb  llieir  proceMOt 
become  lonmT  and  the  inner  ends  i){  ihe  eone»  shorter  may  be  ciled  as  an  uutnis* 
laknble  example  of  phutolaxin  (cf.  Chapter  XXIl.  Even  ihe  uneoiiseiou*  relies 
tnuveinents  i>f  iIk-  eyi**,  of  tho  head  and  of  the  body  as  a  whole,  which  are  pro- 
'  dneeil  by  Mimuluiion  of  the  vi^udl  cidU  uf  the  retina  by  light  may  be  regarded  aa 
in  a  eertaiu  measure  a  kind  ni  pholotaxiti  (ef.  paxe  54). 

The  uUrn-nofrt  mtfn  everriiie  a  verv  marke<l  iniliieneo  on  eclla.  On  the 
AUteirior  poilion  of  ihc  eye  (hey  produce  an  excitation  which  i^  charaeleriztHl  by 

■  Sec  Mitc!  pagie  59. 
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catarrhal  i^ymploms  of  Ihc  coojimctiva  i)iil|>L>bralis  i  nil  am  mat  inn  atiU  swi'lliiig 
of  thi?  coDJunoliva  ociili,  ileM|naiii!i{inti  of  tlu-  e[>itlu^liiini  ami  lioiidinj;  (if  the 
(■(inii^a,  US  wi'll  hh  (oiiiriiciiMti  ol'  ili*-  pu(iil  «inl  (HfU'iihjralioii  of  ihe  iri;;.  Similar 
effects  ajjfwar  uu  tliv  fkiu:  it  Ifwiiies  ritJ  aud  ^wdlk-ii ;  bLtroing  wosationa 
ami  !»en!*itivt;n*!ss  to  tout'li  <Ii.*tiiigiiii'h  iho  nffeclixl  portions:  after  wime  days 
the  epidermis  begins  to  peel  ojT  lu  the  form  of  large  f*cal(W.  and  in  about 
fourtec^n  days  the  ^kin  Ixvorncs  norjiiol  ogain.  There  usually  reranins  for 
a  long  lime,  however,  a  light  i-oloralion  of  the  afTt>rte<l  pnrt,  which  is  sharply 
marked  nff  froin  the  Hiirroiimling  skin  (Widmark).  With  siiHU-ient  concen- 
tration of  the  ligtit,  the  hlnc-viidet  rays  al^^o  arc  said  to  exercise  a  similar 
influcnc*  ( Kini^cn). 

The  -V  nijis  distovered  tiy  Ri'iitgen  pmduee  in  the  skin  similar  hut  even 
more  powerful  effet-ts  than  those  discus^ied  nliovo.  Possihly  the  idlra-violct 
raytj  cnnlained  in  the  catlitKle  rays  contribute  in  some  degree  to  thi^  effccl. 
(Vrtain  Bacteria  (Ihe  tliolfra.  anthrax,  diphtheria,  and  tuUM-cle  bacilli)  are 
killed  by  the  X  rays,  aiid  cells  of  higher  plant,-*  suffer  a  rednction  of  their 
activities.  OiiTerent  Protozoa  exhibit  a  very  dilfereiil  power  of  resistance 
toward  Ihe  X  ray^  (of  fourteen  hours'  duration) :  some  forms  appear  not  to  be 
aiTccted  by  tlwrn  at  all.  olIier>!i  slightly,  some  very  (mworfnlly.  In  general  it 
ap|K.>ars  that  forms  which  luivu  vacuolated  proloplaema  react  rnorc  i{iiickly 
than  those  of  firmer  structure.  The  presence  or  absence  of  membranes  and 
shell)'  may  al&o  lie  significant  (Schaudinn). 

With  respift  to  the  lleri/urrel  ratjn  (radium)  Asclikinass  and  CtisparL 
have  found  that  they  weaken  markf<lly  the  HaciUiut  f}r<ji]ifjiii.iiis  in  from  two 
In  four  liouTK.  With  a  hinger  exposure  to  radium  (twenty-four  and  )*ixteen 
hours  rcspertively)  typhoid  and  cholera  bacilli  were  killed  (Pfeiffcr  and. 
Friitlbergcr).  Schwarz  has  shown  further  from  researehen  on  the  heu's  egg 
that  these  rayei  detslroy  allniminoid  bodies  hy  a  kind  of  dry  distillation,  that 
they  decolorize  lutein  ami  ad  upon  the  lecithin  of  the  cell  [*uii!=t:anec.  In  these 
effects  be  (inds  the  explanation  of  the  [Hiculiar  cct!  m'e^[ll^in^is  obwried  by 
Becqtierct  himself.  Bccquercl  once  carried  in  his  vest  pocket  for  only  two 
hours  a  well-wni|)ped  but  highly  active  radium  preparation.  Fourteen  days 
iHter  Ih?  ob»erv»Kl  <m  the  abdominal  skin  op|)<isi1e  t!ie  pocket  a  smaH  hum 
which  became  larger  and  larger  and  finally  developed  into  a  deep  wound 
tfhich  did  not  heal  for  months. 


F.    STIMULATION  BY  MEANS  OF  HEAT 


4 


Only  in  relatively  few  cases  does  heat  appear  to  exercise  a  direct  ^timn- 
laling  effect  on  living  cells.  In  the  higher  imimals  only  the  end  organs  of 
certain  afferent  nerve  fihens  are  really  rou(*d  to  nctiviiy  by  heat.  Heat,  u. 
already  remarked  above,  exercises  a  more  [wwerful  iulUieuw  on  the  vTcilO' 
bilitif  of  the  ccIIk.  In  all  cells  we  find  that  the  life  processc*  increase  in 
intcnsily  with  the  Icmpi-ratnn'  up  Ia  ctTtain  limits  (cf.  xitfirn  page  '-JH).  ami 
likewiiJe  that  with  a  lowering  of  the  temperature  they  are  depressed  at  least, 
if  not  brought  to  a  complete  .'itflnd.itill.  It  i.s  not  easy  in  anv  given  case  to 
separate  clearly  the  actually  titimulating  eitcct  from  the  heightening  inffiienoe 
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ao  tbe  excitability,  and  the  phuiioineua  jueit  nieulioQvil  are  rtigarded  by  ^oiiie 
aji  tho  expression  of  actual  ^tlmulalion. 

Ag  an  t'Jtaiiipk*  of  llic  ilirrw-tive'   intlu^'ncp  of  lirat  otl  the  ntovimipntu  of 

CflU  ithrrmolajris)  l\w  Iwhavior  of  l\w  ciliale  Infusoriau,  f'aramaciiim.  may 

mt-nttntiffl.     If  the  \-csscl  in  which  they  are  contaiowl  is  wannod  on  one 

ide  U>  about  2(''-28''  C.  the  aniitialriih\i  withdraw  In  th^  other  i«i(ie.  while 

with  a  tonipeniture  below  this  liniil  they  wander  to  the  warmer  side — opposite 

moTuraentji  tlicrefore  according  as  the  same  *timulua  is  strong  or  weak. 


G.    ELECTRICAL   STIKULATIGR 

BivauKe  they  are  (he  most  easily  manipulatetl  and  most  easily  graduated, 
ehctrital  »timuli  have  Ijeen  studied  with  very  great  exflclnefls.  Since  their 
effects  are  investigated  chiefly  on  nerves  and  niuhch's  of  tbe  vertebrahs,  we 
■hall  ileal  wilh  them  at  iw>nie  length  Jn  pn-neuting  the  [ihysiology  of  nervts 
musi'les.     Siiltiec  it    for  the  prewnt  to  stnte  thiit   it  httji  Seen   found  in 

rw  and  rnuwies  Ihat  the  electrical  current  t^liiniilateii  only  at  one  pole  or 
tb«  other,  at  the  nfynUrf  pole  oa  claaing  the  current,  and  at  ttie  potitivf  on 
brfoking  it  (I'fliiger).  Between  the  two  polow  it  act^  tn  change  the  cxcitA- 
bdity,  liiit  not  to  «liruulale. 

lu  Pinmtrrivm,  cxeitatioo  is  said  to  take  place  with  the  elcwinir  of  the 
current  nt  the  bu<m]u  (Vemoro)-  And  there  art'  <vthcr  cxci-piioim  to  ibt-  luw 
AA  (I  A|>plieR  to  nrrvc  niul  musrir.  ('Arl{;rfn  hna  T^howii  with  it'ftani  Ui  t'urnmtF' 
eium,  that  ltf»-Ie«ii  individuals,  immediately  afi-^r  th«-  chwingc  of  a  nuffiticiitly 
«lr»i>ii  f^'UBiaiit  eurn-ul.  clit^w  at  ihe  anode  a  ^hrinktutr  up  niid  at  (be  <'nlhixle 
beudiw;  uiuvnui-nls.  butli  of  wbirh  are  the  L<iin«cquiutrv  nf  ibc  i^ii-i?alli!d  eata- 
phorii-  rffec't  of  the  eon^rani  current  [i.e.  the  Icnrfpncy  wliicb  lhi«  eurrt'ut  baft 
t(i  itww-p  Hubntanr^s  in  Miluiion  nlonp  with  it — En.] :  and  it  ik  nnt  nt  all  improb- 
ably Lbnl  nimilar  iihitimiieiin  in  the  livint;  ParaaMfcium  an  of  the  fiaine  nriRin. 

The  ftillowing  phenomenon  miglit  be  presenterl  as  a  jserondnrtf  rfjfct  of 
tlw  clfvlrle  i-urrent.  If  a  .lalnmandor  {Aiuhliistnma)  l>e  traverseil  longitn- 
diuaily  by  an  <>lerlrir  eurrt^iil,  llie  ^kiii  glanilt^  of  flu-  animal  bi>gin  to  pnNliKV 
a  copioUft  eecretion.  which  apix-ars  otdy  on  the  side  <if  the  amide.  The  same 
occurM  also  with  isolated  pieces  of  the  auinial  in  which  the  spinal  cord  has 
hwn  der^imyed.  But  this  iiieerelion.  ns  ],oeb  has  shown,  is  not  cscited  by  the 
currrut  itself,  but  by  the  elwlro-ponilive  i«m»  libcrntpd  by  Ihe  current.  For 
if  Ihe  animnt  Is  immerHerl  in  a  NaCt  soUitinn.  the  elcriro-fioKilive  inns  in  (heir 
migrntinn  Inward  the  calhoile  are  set  free  on  the  xkin  of  the  animal  and  are 
contbined  with  the  hydroxy!  of  water  into  N*aOH.  As  direct  experiments  have 
prorvd.  thiB  alkali  exereihcs  a  powerful  stimulating  effect  on  the  skin  glands; 


*  Jenninipt  w  of  thf  opinion  Hint  tlieM- ao-callcd  "dimtivc  irifluenciv"  of  lifcht  And  of 
b^  %tv  mnrfly  olfaer  inMtAitnw  or  the  Melprlion  hy  nimloni  movrmrribi  of  conditional  fuvut' 
■Iflf  to  the  lifi!|m>CMW*.  Takin(;/'nmnttfv-iii"i:L>>sn  eiciinptp  we  finil  that  trbon  tlwniidpni 
into  a  dncn^  uf  illnminAlion  or  of  («nipiTaLiin-  whiih  i»  iinrsvomlilf,  tJif  iintatnisii)  tit  «tiiu- 
tlhl«d  by  the  rfutiiiri^  and  n»c\»  liy  m.ikii))(  Hw  umiiJ  mi>U>r  rmpcMtav  (or  nvnidinjt  An  ol>- 
■tirlr.  The  IuIaI  pfTtvt  of  in.inr  rmcli  rwn)Hin!>rs  b  Ui  OAiry  the  iirf^tiixni  otit  of  the  field  of 
||B(AVUntj|i>  influBtKvs  ur  to  krvp  it  in  "»■  lif-ltl  nl  fuvitfatile  otuM. — Ku. 
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the  phenomenon  is,  therefore,  only  a  secondary  effect  of  the  current.  It 
should  be  remarked  further  that  neither  weak  acids  nor  electro-negative  ions^ 
exercise  such  an  influence. 

Electrical  siimuli  like  other  stimuli  exercise  a  directing  influence  on  Loco- 
motor movements.  If  a  constant  current  be  passed  through  a  vessel  in  which 
are  frog  tadpoles  or  fish  embryos,  the  animals  orient  themselves  with  their 
long  axes  in  the  direction  of  the  current,  and  with  the  head  directed  toward 
the  cathode.  They  remain  in  this  position  as  long  as  the  current  is  closed; 
when  the  current  is  reversed  the  animals  turn  as  if  by  command  (Her- 
mann). 

Hennann  explained  this  form  of  galvanolaxis  by  supposing  the  central 
nervoua  Bygtem  to  be  excited  by  the  ascending  current,  but  to  be  unaffected  or 
even  paralyzed  by  the  descending  current,  so  that  the  larvas  and  embryos  either 
instinctively  or  reflexly  take  the  position  in  which  they  are  stimulated  least. 
Loeb  on  the  contrary  has  made  it  quite  probable  by  experiments  on  shrimps  and 

AmblystoTtia  larvae  that  the  current 
produces  parallel  changes  of  tension 
and  energy  production  in  associated 
groups  of  muscles,  the  result  of  which 
is  that  the  movement  toward  one  pole 
is  facilitated,  but  movement  toward 
the  opposite  pole  is  impeded.  Thus 
with  the  shrimps  the  tension  of  the 
flexors  predominates  on  the  side  of 
the  anode,  while  the  tension  of  the 
extensors  predominates  on  the  side  of 
the  cathode.  With  a  current  of  me- 
dium strength  the  animals  always 
move  toward  the  anode;  if  when  the 
current  is  turned  on  the  head  end  is 
already  near  the  anode,  the  change 
in  position  is  effected  by  a  forward 
movement ;  if  the  tail  end  lies  nearer 
the  anode,  it  is  effected  by  a  back- 
ward movement. 

The  following  examples  of  gal- 
vanotaxis  may  be  mentioned.  Cer- 
tain echinoderms  in  their  youngest 
snd  oldest  stages  (free-swimming 
gastrulas  and  the  creeping  mature 
animals)  exhibit  no  gal  va  no  taxis, 
while  in  the  intermediate  stages 
(free-swimming  plutei  and  bipen- 
naria)  they  exhibit  very  marked  gal- 
vanotaxis,  and  wander  to  the  cathode 
(Carlgren).  The  majority  of  ciliate  Infusoria  and  Ama-lMP  assemble  at  the 
cathode,  if  an  electric  current  is  conducted  through  the  vessel  in  which  they  are 
contained.  Many  flagellate  Infusoria  show  the  opposite  reaction  by  moving  to 
the  anode.  Finally,  it  has  been  obsen-cd  that  the  ciliate  Infusorian  Spiroatomum 
places  itself  with  its  long  axi-n  at  right  angles  to  the  current  (Verwom).  All 
these  differences  find  an  explanation  according  to  Wallengren  in  the  general  fact 


K- 


FiQ.  34. — Showing  the  efTecta  of  a  eoiutant  cur- 
rent on  tlie  Blirimp  Polirrr-onetet,  when  tlie 
current  paxiica  tranoveniely  through  the  ani- 
mal's body,  after  l.oeb  and  Maxwell.  The 
legH  on  the  nide  of  the  anode  are  tttrongly 
flexed,  those  on  the  fiide  of  the  cathode  are 
atroDgly  extended. 
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tfut  in  itl  oilia(4>  Infuftoria  the  i-ilia  nn  (he  *\t\v  of  \\n;  v»\hiAv  beat  towanl  the 
anterior  I'lul.  (lio.*e  on  tin-  *uiv  of  Ibv  aiKHip.  lowiirtl  llie  posterior.  For  fXHmpIr, 
Ma  InH(c  "fl  il»  nnleriMr  end  ib  clini-twl  tuwnrd  ilir  i-at]»iik',  Opalina  ronarum 
(KiK.  35)  ulwuys  tuniii  lowsnl  the  ri|;ht  aa  iiidirHtetl  h,v  tli>c  arrow, 

OrganisntJt  are  killed  btf  strong  electric  currents.  Coucvrning  the  olianges 
cffectvd  Ijjr  «uch  currents  on  the  higlier  atiinialtt.  PrPvo«i  and  Battplli  especiftUy 
luTo  made  extensive  invftfltijfationii,  of  which  the  following,  rnlntiii^  |o  the 
dog  Only,  will  be  raeuiinned  Iktu.  With  an  imltie- 
Hon  current  of  lower  tension  (up  to  1^0  volU) 
ith  reaulljt  from  fibritlanj  conirnctions  of  the 
hrarl  produced  by  the  current,  in  e<)nH^|uenee  of 
which  the  circulation  i»  ultimately  stopped  fcf. 
(."liHpter  VI).  The  dirtlurbanees  in  the  ihtvoii!* 
#y»tcni  coming  on  at  the  same  time,  initii>Ht<il  liy 
cnnvuUinnH  and  the  like,  have  relatively  little  ini- 
pnrtamv.  K<»piratinn  i»  mtumed  after  a  tern-  H  '"V'Z-^'"^!/'' 
ptinry  piiii!«,  and  may  even  cnnliniie  for  twn  or 
three  minute!!  after  the  inception  of  fibrillary  con- 
tnctionx  of  the  heart 

With  induction  currents  of  higher  leiiJiinn 
(more  than  1.200  volls)  death  occurs  as  a  result 
of  /wni/yjiw  ()/  rf^pimtif/n,  while  tlio  ventrielcft 
boat  rapidly  and  |K)werfully  and  Iho  anrii-leii  »top 
in  iliaiflole.  Indeed  by  meanm  of  currents  of  high 
ten^itin  one  may  even  renton'  a  heart  wizetl  with 
fibrillary  i.iintr«ction«  1o  its  fctrmer  fiinclitmal 
power,  when  it  cannot  be  restored  to  its  normal 
action  in  any  other  way. 


;—:::>-  V 


■I 


FlO.  34- — Opahna  rnnarum, 
K  nli«lnl  nrftanUm  tmui 
the  Uit«Htln«  of  iti«  froft. 
m-m  ffiitn  alxivr',  urirr 
Wallcnjtntn.  Or,  ihr  nllk 
uhmI  by  tlu<  oriCKniiuti  iii 
chniipni  dirrclinn  to  the 
rigl.l. 


Strons    induction    »bocks    (Rhumkorff.    45    era. 
irk,  twenty  intrrruplions  i>er  iweund,  primary  cur- 
rent lwenty-fi\'e  voIl*i)  con  be  conducted   from  mouih  to  rectum  for  one  nnd 
oDT-hnlf  minutes  without  dongor  to  the  animal.     In  two  and  one-half  minute* 
he  di«B  in  convul»ioD8  produced  by  failure  of  renpirallon;  if  artiticial  respiration 
ia  maiutaiued  the  animal  can  survive  such  currents  actins  for  ten  minutes. 

The  effect  of  (he  electric  current  is  dependent  not  only  ujnon  its  lenriion, 
but  aim  u|ion  iti^  duration  and  the  plac4-  of  iiH  application,  at^  well  as  u|K>n 
contact  between  the  electrodes  and  the  iKnly.  The  different  animal  species 
aim  ethihit  differences  in  sensitivity :  the  dog  appeam  to  he  the  most  sensitive, 
the  hof«e  le»  so,  still  less  the  guinea  pig,  rabbit  and  mouse. 


H.    COSMIC  INFLUENCES 

II  has  long  lieen  Brmly  i^AtAtilifthed  by  general  c\periencc  that  cosmic  forces 
•xerciw  a  marked  influence  upon  organisms:  and  to  convince  ourselves  of 
audi  influence  we  have  only  to  be  reminded  of  the  pains  affecting  gouty  and 
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rheumatip  individuals  with  different  conditions  of  weather.  We  know  very 
litUe  al  this  time  aboiit  the  real  nature  of  thef©  agents.  Uecfiitly  Arrhcnius 
has  soiij;hl  In  bring  various  physio Ingicnl  procesaori.  nntahly  nicrislriifiti^in.  into 
rclution  wiili  electrirnl  vnrinlions  [>f  tlirr  atmosphere  iinid  the  fhciniciil  rlianjies 
thereby  efferted.  Knt  iFie  n*-ullj<  lliuw  far  ohlaiued  on  {his  subject  appear  to 
be  too  limited  to  jui-tify  a  fuller  jjr&wntation  in  this- book. 


I.    COBDUCTIVIiy 

Besides  these  artificinl  sjimnli  whieh  arc  able  to  excite  the  cclU  or  t« 
increase  Iheir  exeilHliility.  tlu-w  oi-curc  in  the  MoljiZ'^a  a  form  of  stittiuhiM 
which  lielon^^  to  the  l)ody  itself,  namply,  the  stimulation  of  one  crlt  by  an- 

other.  It  is  in  this  crtnuectiou  thai  the  nerves 
nro  of  xho  %'ery  jp"oal<^st  iiiiporraiHe;  they  tran«- 
fiT  Ihrir  rxritalioiiH  lo  llic  i-ni!  orj-aii^'.  Ihe  mhis- 
ele  cells,  (ilaiid  eells,  vU:  ;  or  Ihey  are  IliPinselve* 
fliiiiiilntti1  liv  nihrr  tH^ll-i,  as  whi-n  the  sensory 
nrrvi'  ilht'D*  Hre  mused  (n  activily  by  their 
jiLTi]>ht'ral  L-iid  tirtjanw,  or  when  h  ru'n'e  cell  l>_v 
means  of  its  pHH-cascs  arouses  another  cell  In  a 
state  of  activity.  Here  belongs  alwi  [he  caoc 
of  th<'  slimulrtlion  of  a  smooth  muscle  cell  by 
_  ili*  neij;hbor.  wliicli  in  nil  prohiibility  is  neeom- 

Ic'S^,  ■       plinlieti   by  ineanit  of  the  prnt'»p]jisiiiic  ronnec- 

!V>^y.       _..!  -_     :•      tionw   (intereelhilnr  bridge*)   whieb  have  been 

ilemonstratefl  between  Ihewp  an  wt-ll  as  Iwlwwn 
niher  kinds  of  cells  {cf.  Fij:-  311).  Tlii-  form 
of  stimulation  rcpresentii  one  of  the  tnosl  ini- 
jiorlaul  mifhanisMiB  by  whieh  the  different 
part-s  of  llie  Metaznan  body  are  made  to  coiip. 
ernte  harnionioiisly. 

The  stimulus  is  (ransmitte*!  fntm  oiii-  part 
to  the  other  also  in  a  single  ci-ll.  The  dearest  exiimplr  nf  this  we  have  again 
in  the  nerve*,  which  are  nothing  else  than  long  profivuffi  of  nerve  cell*",  and 
thi-y  pmpayalo  a  utiiiuihic  directly  trausmitted  to  Iheni  by  pojscing  it  along 
fnun  one  ^vtinn  in  the  next  tbroiighout  ilit  entire  length.  We  meet  with  the 
same  inoiie  of  transmission  wherever  a  cell  h  stimnlatwl  at  one  definite  point 
and  the  exeitation  extends  ihrnughout  the  entire  cell  body. 


if-      ■       .        ■ 

■  Ici.  ;H.>, -('(!>»•  •■■i-liori  nf  llii"  in- 
mtinftl  nit(B<-ulatur<?u(  iliccai, 
aStrr  Knheniaii.  Thi-  (Lnltrd 
nn-w  n'lHX-m-nt    crow  wclion* 

tif  itiu-«^le-i*i.'lbi,  Itiv   block  lUlcn 

bflwFvri  iliPTii  nrpraoeoL  inter- 
eel  liUiir  brill  p^". 


J.    THE  ASSIMaATIVE  PROCESSES  INDUCED  BY  STIMULATIOH 

Our  knowlalge  of  the  axmnilative  processes  induced  by  different  stimuli 
is  still  very  imperfeel. 

With  respect  to  the  <|ue»tioii  of  moxt  interei^t  to  as,  namely,  the  influence 

of  Htimuli  upon  the  formation  of  living  substance,  we  know  that  the  Bacteria 

InfuBoria  multiply  rapidly  a*;  the  result  of  inereasing  the  supply  of  noitr- 

ent,  and  that  the  sunlight  gives*  the  impetus  for  the  formation  of  thfl 
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prifii  i-olorinp  niatUT  of  filiiiil!^:  Tor  ^'I'l-riiinntinj;  wi-cls  fii'vi'ldp  in  (lie  dark 
iutu  a  white  or  wiiiii-ili  Mx-itliti<:  uhicii  beuui)ii>:«  grti'ii  unly  w1il>u  it  in  l>x|h>s(h1 
to  the  light.  Since  the  elilorophyll  bodies  am  to  be  rcjjartlivl  as  convprwrtl 
of  livijig  suManre.  we  hnve  in  Ihc  Intler  ia-^tanep  a  rn^o  where  nn  eslfrnnl 
KtiiiiulutT  aeluatly  efTiH-ls  thi:>  foriiialioii  or  living'  sul]stajii'e.  A.-^  i-i';.'HnlK  the 
firKt  vxumple.  one  mi^^ht  say  thnt  the  abiiiiduut  sii])iily  of  iKiurishnii'nl  had 
gison  the  impctuit  for  a  more  aelivc  formation  of  living  suhntanec;  hul  the 
matter  i»  not  entirely  elcar,  (or  it  might  aUo  Ivo  that  the  inipulM^  to  miil- 
liply  in  those  orfrnnism-"  i*  jiii»t  hj*  great  with  Ticanty  as  with  ahnmlnnt 
nourishment,  only  with  a  defifiency  of  iititriont  snljslances  it  cannot  he 
manififteii. 

Krom  nhservntions  on  thp  storage  of  siiKritanct*  in  the  Hndies  of  young 
Auimali;  it  appear>*  that  the  inherent  tjntwth  rnrnjy  ih  of  iniK-li  j;ri'«l('r  im- 
portance than  any  form  of  e.\tcmfl1  ^'tiiinilntion.  Hut  in  iiialiire  ariiiiiaU, 
if  any  inrreaw  in  the  living  .-lulwlance  lakes  plaee  under  normal  eircuinstanoes, 
wp  think  of  it  at  once  as  Iwing  causud  by  »omc  ageney  outside  the  celU  Ihcni' 
sejves;  and  hence  its  eonsideration  properly  lielniijjs  under  the  present  topic. 
Novt  n'>ull^  of  nietaljolium  e.vperinientfi  show  that  onliniirily  tin-  iflls  (of 
ihf  higher  aninials  at  least)  dectroy  practically  all  of  Iheir  daily  t*np|»ly  of 
pnileid  noiirjffhnienl.  hnl  that  nudtT  certain  circumstnneos  (not  too  great 
Bgr.  and  great  exeivti  of  polenlial  energy  in  the  ToikI.  cf.  page  130)  llicy  t^tore 
Mini*  of  the  proleid.  It  apju^ars  in  fact  that  in  Rpite  of  tlieir  inner  pntp^nsily 
to  destroy  proicid.  an  almndaiil  supply  of  noiirit^lwiipitt  in  some  way  nuikes  \i 
pOA^ihlr  for  the  celU  to  chancre  (\i-M\  proicid  into  iivin^;  protoplasm.  If  this 
i*  ronwl — and  the  ()ue»ttioii  can  Karei?ly  h«*  regard^*!  as  Hnally  (*eltled — Ihif* 
stomgf*  would  he  the  con«e(|Ucnce  of  n  chemical  stimulation  hroughl  about 
hy  the  exctw!*  of  protcjd. 

Ilnwftvcr  this  may  be.  the  only  really  effective  way  known  to  in>  of  incrww- 
ing  the  living  mb^'tanne  in  the  mature  higher  anitnaU  w  work;  ami  it  is 
powihitf  lo  i-onceive  of  thin  al!«>  iw  a  special  form  of  chemical  xtimnlation.  A 
grown  man  may  eat  ever  ko  much  food,  his  diet  may  1k>  nilaptril  [H>rfeclly  to 
Uk-  pur}>oM>.  but  no  signi6caut  incrca>i«  of  muscle  sutistanre  will  take  plaee  if 
tilP  mu^le  does  not  accomplish  snflicient  work:  w]K>n''jis  a  working  iiiui«cle 
iacrauMw  both  in  power  and  in  voliime — i.e.,  the  work  ha.*^  called  forth  an 
incr<*aiie  of  living  su1>stance.  Simw  now  every  muM-ular  movement  xt-  orig- 
inated by  the  molor  nen'es.  and  since  experience  shows  that  a  nonworking 
□lUM'le  alvavi)  di-en-iLseii  in  volume,  and  a  mnsde  paralyzed  hy  entting  itfl 
motor  nerves  umWrgoon  atrophy  and  degeneration  in  a  relatively  hhort  time, 
it  fnllowx  that  mme  hind  of  a  nutrirni  or  trophir  infiuenrf  an  the  mwH'le 
otu^t  he  ejfrcifted  hy  tkr  rrntrni  nerv»u.i  stfutrm  Ihrouijh  the  motor  iicrrrs. 
What  the  natnrc  of  ihis  influence  is,  we  cannot  say  definitely.  Since,  how- 
vKVT.  the  ."tiniuti  originating  in  the  body  ilt^elf  arc  in  general  of  a  chemical 
nature,  we  may  iKThap!<  conclude  that  the  trophic  influence  mwliateil  by  the 
Brrrw  tn  a  chemical  stimuhi*.  Olber  facts  which  we  shall  diAciis*  lomewhal 
in  detail  in  what  follows  i»how  Hint  an  inflnencp  of  a  similar  nature  is  escrted 
on  other  organs)  by  the  ner\'es  l>elonging  to  Iheni.  If  the  cerebral  secretory 
nerve  nf  the  .tnhmnxillary  gland  be  cut,  the  gland  alrophie.^.  Tliis  nerve  i? 
tiiercfore  of  great  importance  for  the  maintenance  of  this  part  of  the  body. 
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although  it  does  not  follow  with  certainty  from  the  forgoing  that  it  has 
contributed  also  to  the  formation  of  living  substance.' 

With  regard  to  the  original  formation  of  cells  and  tissues,  there  are 
numerous  data  which  go  to  show  that  the  most  widely  different  stimuli  can 
effect  an  essential  modification  of  the  growth  process. 

Here  belong  the  effects  of  gravitation  (geotropism) ,  and  other  mechanical 
agencies  (rheotropism,  thigmotropism) ,  of  light  {heho- 
tropism),  and  of  galvanism  (galvanotropism)  upon  the 
orientation  of  plants  and  of  various  sessile  animals.* 

The  following  may  be  mentioned  as  examples.  The 
stems  of  plants  grow  away  from  the  center  of  the  earth 
(negative  geotropism),  the  roots  toward  the  center  of  the 
earth  (positive  geotropism).  If  germinating  seeds  be  placed 
on  a  wheel  rotating  rapidly  in  a  vertical  plane  so  that  the 
influence  of  gravitation  is  overcome,  the  stem  grows  toward 
the  middle  point  of  the  wheel,  the  roots  turn  away  from  it 
i.  e.,  the  stem  grows  in  the  direction  of  least  pressure,  the 
root  in  the  direction  of  the  greatest  (Knight). 

The  hydroid  polyp  (Antennvlaria  antennina)  consists  of 
a  central  stem  of  1-2  mm.  thickness,  and  often  more  than 
20  cm.  in  length,  which  generally  grows  perfectly  straiglit 
up  from  a  tangle  of  very  thin  filamentous  rootlets.  If  now 
an  Antennularia  whose  stem  is  in  process  of  growth  be 
brought  into  a  position  deviating  from  the  vertical,  the 
growing  tip  bends  until  it  finds  the  vertical  direction  again, 
and  then  grows  directly  upward.  The  root  on  the  other 
hand  grows  vertically  downward  but  not  in  so  straight  a 
line  as  the  stem  (ef.  Fig.  37). 

Rheotropism. — Seedlings  of  maize  and  other  plants  ger- 
minated in  a  tub  of  flowing  water  grow  with  roots  paral- 
lel to  the  surface  of  the  water  and  against  the  current. 

The  hydroid  polyp,  Eudendnum,  also  bends  in  its  growth  against  the  current 

(Loeb). 

Thigmotropism. — Numerous  plants  twine  around  the  vertical  stems  of  other 

plants  and  so  climb  upward. 

Heliotropism. — The  growing  parts  of  a  plant  always  turn  toward  the  light. 


Fig.  37. — A  shoot  of 
AnlenniUaria  an- 
Unntjui,  n  Bmoll 
hydrmd  uiimal, 
exhibiting  negative 
geotropLun,  after 
Loeb. 


'  Perhaps  a  clearer  case  of  the  influence  of  nervous  tissue  on  the  fommtion  of  living 
substance  is  that  of  the  rt^eileration  of  a  "  head  "  in  a  simple  worm.  C.  M.  Child  baa 
shown  that  if  the  anterior  end  of  the  flatworm  Leptoplana  be  cut  off  in  such  a  way  as  to 
leave  the  collection  of  ganglion  ceils  which  serves  the  animal  as  a  "  brain,"  the  animal  will 
regenerate  a  new  "  head  ";  but  if  the  cephalic  ganglia  be  removed  with  the  anterior  end  no 
"  head  "  is  r^enerated,  because  in  this  instance  the  anterior  end  is  no  longer  capable  of 
functioning  as  a  "  head."  In  other  words,  the  determining  factor  in  the  formation  of  the 
living  substance  here,  as  in  the  mammalian  muscle,  is  the  motor  activity  dependent  upon 
the  nervous  system,  or,  as  we  have  just  learned,  a  special  kind  of  chemical  stimulus. — Ed. 

'  With  Herbst  I  employ  the  term  geotaxis,  galvanotaxis,  etc.,  for  the  effects  on  the 
movements  of  free-living  organisms  brought  about  by  external  stimuli,  and  the  terms 
geotropism,  galvanotropism,  etc.,  for  the  changes  in  growth  brought  about  by  external 
stimuli.  The  former  phenomena  are  purely  dissimilative,  the  latter  are  essentially  assim- 
ilative. These  phenomena  could  only  b?  produced  by  the  constant  effect  of  these  stimu- 
lating agents  acting  in  a  perfectly  definite  manner. 
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^^bldtnd.  ill  n>Hiiy  plxiiiri  tint*  ma.v  obttffn'u  that  on  a  euiiny  duy  the  whole  c>(iiir»e 
rf'tiic  sun  is  ffiUowfd  liy  u|ipriipriu1e  raoveiiicTi Is  of  ihc  ]il«iit.  This  ffTitn  ii 
Inmclit  ubiiiii  rhicfi,v  liy  Ihc  inorv  Atningly  n-frnctivo  niys  of  thp  spiTtrum. 

flfttvanotroputm. — With  long  exposure  to  n  conslaut  current  root  ti[»s  turn 
toward  tbc  cathode, 

Kvpn  in  the  hi>rlic*t  animaU  vc  mpei  with  extpneive  rojjcnprntivp  proc- 
ewcf  which,  in  jwrt  at  leaitt,  are  cauiwd  hv  a  kind  of  oh<-iiiii.>al  stiiiiulatiuii. 
ThiM  if  A  larp*.'  part  of  the  liver  he  cut  away,  a  corii*iiIerahlp  rejjfiieration  nf 
liver  tisHue  follows  (Ponfiek,  PodwysHOzki).  Afler  I'xlirfiatinn  of  one  kidney. 
the  rtnnaininjt  kiilm-y  increaMS  couMdcrahly  id  volume  hy  ww  formatifii 
of  kidnt-y  tiMue.  Ktimerouff  diftcovonen  of  the  jiathologlstti  on  abnormal 
growtlut  belong  Iiere  also. 

Amon^  the  Mammalia,  howe%-er,  the  powew  of  re^'neration  arc  relatively 
small  ill  (ronijwrison  wirh  ihone  of  the  hiwer  verlehnit**^  and  tsueeially  of 
certain  invertdfrHtei-  and  of  [ilanl^.  for  in  Ihe  former  the  loDdency  to  regen- 
eration i«  limited  to  certain  tiwues,  while  in  the  latter  whole  organs  may  Ite 
funiml  anew. 

The  tendency'  (o  the  g^thvftg  of  noniiving  snbsUtnttt  in  the  organism 
pppi-am  to  be  favored  to  a  rcrtoin  extent  by  a  rich  supply  of  food.  In  an 
attniifphi-re  rirh  in  CO.,  under  olherwiiiic  similar  conditions,  plants  ."how  a 
great<T  [irfuliiclion  of  starch;  and  with  an  alnindiint  .•sujt[)ly  of  tarhohydratcs 
antiiinl  n-IU  form  fat  whirh  U  ^1nr<-«l  up  In  tho  fat  crllH.  ,\nimal  cells 
carry  iwi  alwt  a  inulliliide  of  otln-T  syntheses  the  stimiilils  to  wliit-h  might  well 
lin  wiDght  fnr  in  a  chemical  excitation  efToeted  hy  the  sutMtancci*  xiipplietl  them. 
AajTthing  murti  exact  than  \Xm  is  quite  beyond  our  knowledge  at  lhi«  tuna 


K.    PARALYSIS  AND  FATIOUB 

Wf  meet  with  a  true  case  of  paralysis  when  a  disa^itnilfltive  ittiinuluti  if. 
mrrioal  lM-yon<l  a  utrtjiin  strenj;lh.  Thi.4  is  True  nf  all  kinds  of  iitiniuli  and 
for  all  kinds  of  eclU,  in  i^i  far  a^  they  can  Ih>  muHe<l  to  a  t>tate  of  activity 
by  the  jMirticiiliir  titimulufi.  If  the  .<ttrcnglh  of  the  itlimiiluM  be  not  1<^n)  great, 
nor  it«  duration  tno  long,  complete  rcsitoration  may  take  place  after  its 
cttMtion.  But  if  the  .<limiilu^  Ire  too  strong  or  if  it  \asi  tno  long,  it  ha>i  a 
fatal  clftvl  on  the  proioplB(*m. 

tVrlnin  chemical  cul>!iiane<*i — e.g..  Ilie  narrotirjt.  to  wlui-h  lirlo'ig  alaihol. 
clh«'r,  rhlomfonn,  morphine,  cocaine,  paraldyliyde  etc. — an'  cliaracteriaisl  hy 
ilicir  paralyzing  i^lTpetH.  obtained  even  with  sraall  dosc^.  After  a  short  period 
of  pxrilnlion,  tho  protoplnj^m  cviM^-ieid  to  these  suhftaneeti  lope;*  to  a  greater  or 
l<?w  ckttnil  il^i  vital  activity.  With  nmall  doiicj*  ami  phnrl  exj»n-.»rc  the  paral- 
y»i«  pns.«rs  olT.  hut  with  large  dose."*  or  long  exposure  the  paralyi^iit  becomes 
more  anil  more  profound  until  death  finally  emuof. 

Fntigutt  may  lie  ooniiidentl  an  »  sixx-ial  kind  of  paralvKis.  In  all  living 
bvinga  (though  in  diffcn-nt  genera  and  indiviiiuaU  in  different  degrve)  there 
alwari  occurs  after  a  Murtieiently  intense  liissiniilative  activity  n  reduction 
of  the  functiwml  powrr,  ait  a  consciiuenco  of  wliieh  the  winie  strength  of 
ctimulua  produce*  a  much  weaker  effect  than  before.     If  the  stimulation  lie 
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continueti  iou^  tmmgh.  iIk'  yxeilabilUy  [iiay  I'*-'  onlirely  destroyed.  All  thuse 
phenomena  which  ftn,--  host  knoim  in  man  from  hii"  subjective  experience  of 
the  rcjiillts  of  j^everc  rniiscular  work  arc  included  under  th(>  term  fniirjitf. 

Now  it  has  lieen  sluiwn  that  fatigue,  for  the  pikimI  ]mrt  at  ]iea>l,  vs  caused 
hff  the  pro'iiu-iit  formed  in  mvtabnlitim  {<].  Ifuiike),  hs  may  Ik*  ^vin\  from 
such  facts  m  the  foHowiiitj:  if  the  hhnMl  n\'  aw  e.\haui*ttHl  dog  l»e  injceled  into 
a  vein  of  a  fresh  dog.  the  latter  immediately  exhibits  very  evident  signs  of 
fatijnie. 

If  a  fatiijiicil  orpin  lie  alloweti  to  rest  for  a  Inn^  time  a  nmiarkahle  thin); 
occurs:  the  orjj:ari  firriplelcly  reeovers — i.e..  itx  former  funrtiontil  power  has 
returned.  This  i«  not  diRicult  to  explain  for  the  freediving  unicellular 
orgniiisiiis;  for  Ihey  give  off  the  lieeoiiipositimi  products  lo  the  surround- 
in;;  mwliiiiii  in  A  vcvy  sini))!!^  mnnner.  And  even  in  the  hi^^hcr  nninmli^  the 
recovery  uftei'  faligue  pre--^;tHrt  no  great  diilieHlliefi,  fur  the  wartte  pntdnels 
are  earrioU  away  from  the  orsan  hy  tiie  circulation  of  the  blood  and  lymph, 
and  at  Ihe  snTiie  time  the  hlond  pJnees  new  nutrient  niaterial  at  it)*  dispo.-4flI, 
The  same  phenomenon  ik  nhi^erved  however  in  the  organs  of  eold-hloo(ie<l 
anirnttl^  which  have  licen  cut  out  of  the  bfxly.  A  frog's  nui!»cle  which  hy 
ri'[»'Hlcd  fiiimdalion  Im**  Im'i'h  hrotight  t<i  n  condition  where  it  cannut  («nitract 
al  all,  n-covers  and  liceonies  functional  agaiii  tn  spite  of  the  fact  thai  there  is 
no  eirrulation  to  carry  awav  waste  products.  It  followit  therefore  that  recov- 
erv  is  not  eonditioiu'd  solely  upon  the  removal  of  waste  products,  liut  lliat 
other  factors  at.sn  must  be  taken  into  account,  with  which  we  are  not  yet  thor- 
ouglily  acfpiainlcil. 


g4.    DEATH 

We  have  seen  that  the  most  widely  different  external  agencies  of  sufE- 
rienl  intensily  ami  sufficient  duralion  haxv  the  power  to  check  life  and  to 
bring  on  ilealli.  Changes  also  which  an^  gning  on  in  the  eclU  without  any 
Auch  external  inllnencej*  can  i-educc  Iheir  functional  powers.  In  the  counJC 
of  life  thew  alterations  rome  on  gradually,  in  some  beings  more  rapitlly  than 
olheni.  but  always  inevKably.  They  are  known  by  llie  term  Rrntxcem-f.  If 
they  progress  far  enough,  death  ensues  as  the  result  of  old  age.  Thit*  fonn 
of  deoth  if,  in  man  al  leant,  only  rarely  lo  Iw-  c)in>;iih'red ;  for  the  body  is  sub- 
jected to  many  external  aceidenti-  of  all  kiud-s  and  only  in  the  most  e.\cei>- 
tional  raises  dm-s  it  c-icflpe  all  of  them.  The  senescent-  ehanges.  however,  piny 
an  iiupirtanl  role  even  here,  for  by  llieir  infltience  the  power  of  rewisfanee  nf 
ihc  organism  to  the  accidents*  which  it  must  encounter  is  more  and  more 
rwlucud. 

After  death  the  brKly  in  denlrrjjCTl  its  a  ndc  within  a  shnrt  time,  parll.¥  by 
autotysi-*  nf  ihn  onriiiis  (t-f.  puiie  -W),  portly  by  priK-e-sses  of  tlec<im|Misitiori  ami 
putrffiirtioii  which  arc  carrietl  on  by  ihc  Iow<"st  organisnvt.  The  earbdii  and 
hjrdrogon  pf  the  b<idy  jiass  off  in  the  atmosphere  as  rarbon  dioxide  anil  water 
vapor;  and  thn  niinim-ii  and  sulphur,  after  a  series  of  transformations  taWtnti 
place  under  the  ii)fliii-iicc  uf  Uni^teria.  an'  cinibiniMl  wilh  OH'tals  in  the  form  of 
nitrati-jt  and  siiliihuics  whii-h  nrp  taken  up  by  the  water  of  the  miii.  These  aub- 
elanctw,  carlMoi  dioxidr.  water,  nitrates  and  «ulphatcs  arc  the  normal  fooil  of 
,  gtvcn  plants,  nnd  by  the  synthetic  processes  goin^  on  within  thera  are  combined 
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asain  iuiii  slarrh.  fat.  iintl  [initfid.  Tlmi^  tlH-y  are  hi  comlitioii  uuut-  morr  tn 
bfrre  an  fooil  for  nnimii]:*  and  thus  thv  organic  clpnu-iits  complete  u  cirt.-iilati<iii 
b«-twei^ii  uiiiiiiaU  uiitl  plniiLH,  which  ii>  tiilt^rrti|)tcil  b,T  tlic  iTinnitiiKtiiiii'i^  tliiit  lite 
nynihyi*  Koitii;  on  in  plants  can  lake  place  onl;,-  under  th«  influi-'nci>  at  sun- 
liybl.  The  eolitY.'  living  wurlil  rciipesents,  llifn-f^in;.  a  cnllMtivL-  whole  in  which 
evfiry  livinfc  bein(j  fulfills  ito  spccinl  purpose  aa  a  link  in  the  chain. 

KKntiirscEs.— H".  Biedfrmann,  '*  KlpctniphysinlnKit-."  .U-na,  1805.~(V.  -V.  Cal- 
Irina.  **  ProttMwa,"  Ni'w  York.  li>ni. — //.  J.  flnmburtitr,  "  Osmotis<*her  Druck 
iiml  loncnli-hir  in  dt-n  mrdiziniichon  Wisaonschuftcii,"  I-II.  Wicsliadi-n,  ll'O^- 
I9t>4.— t.  Fflix  lletinrgtiif,  ''^,v<^in'.  xur  \m  fVlluh-,"  PiiriH.  \h,'M\.^(i.  Hertwiij. 
-  Thf  '/aWv  und  die  tJvwfbif"  I-II,  Jcun.  1NH2-W.— //.  .*i.  Jennings.  "  l^havior  of 
I>m-i<r  OivaniNinff,"  Canietiic  Iii^tilutitru  I'ul>lii>altiiii>*.  No.  Iti,  WuvliinKtou,  19U3. 
— J.  lMtb,~ Sludiea  inCJi-nfjral  ]'h.vsi<il()Ky."I-II.<'l>i<"att».iO(f.'i. — C.Opprnhfimer. 
"  Dii'  Femipntp  nn<I  ibre  Wirkiinfrcn :  trnn.flnlnl  b.v  (.'.  Ainsworlh  Mitchi'Il."  L<in- 
dnn  and  Philadflpliifl.  ]90I. —  H'.  I'fffftr,  '■  Plliiij;rpn|>h.v>intngii-:  traiislntwl  b.v  A. 
J.  t:w»rl."  Oxfi.nl.  VM^i.—K.  Slrmhitrgrr,  F.  Noil,  II.  .Srhenk,  fi.  Kantcn.  "  U-hr- 
biich  dtT  Bi'tHnik."  *hh  wliticm,  Jciih,  IWH. — .V,  IVruorn.  "  AllKcmeiuc  riiysiolo- 
iri.-:  iran-latc^i  by  F.  S.  Lee."  New  York.  18!)9.^J?.  It.  WiUon,  "The  Cell  lu 
|)rTrlnpmml  and  IribvntwiKi-,"  Sd  edition,  Xt-w  York,  1000. 


CHAPTER  III 

THE  CHEMICAL  CONSTITUENTS  OF  THE  BODY 

As  already  obsorved  at  page  20  we  know  nothing  at  all  concerning  the 
chemical  nature  of  the  living  protoplasm.  And  yet  from  the  dead  body  we 
are  able  to  isolate  a  number  of  substances  derived  from  the  living  proto- 
plasm. The  most  important  of  these  are  the  simple  and  the  compound  pro- 
teids.  Many  substances  occur  also  as  nonliving  cell  contents  and  as  special- 
ized products  or  as  assimilative  products,  part  of  which  are  closely  related 
to  the  protcids,  while  part  have  an  entirely  different  constitution.  Here 
belong  the  gelatin- forming  substances,  fats,  carbohydrates,  the  enzymes,  the 
products  of  internal  secretions  (cf.  Chapter  XI),  etc.  Finally  there  are  found 
in  the  Irady  itself  as  well  as  in  its  secretions  and  its  excretions,  numerous 
substances  which  owe  their  origin  to  the  dissimilative  processes  of  the  body. 
These  latter  substances,  as  well  as  the  enzymes  and  the  products  of  the  in- 
ternal secretions,  will  be  discussed  later  in  connection  with  the  physiological 
processes  involved,  but  it  will  be  appropriate  to  treat  here  the  products  of  the 
assimilative  activity  of  the  cells,  and  the  final  decomposition  products  of  pro- 
toplasm so  far  as  they  arc  yet  known  to  us. 

§  1.    THE  mXROGEHOUS  SUBSTANCES 

A.   THE  SIMPLE  PROTEIDS 

In  the  purest  state  obtainable  proteids  are  colloidal,  slightly  or  not  at  all 
diffusible,  Isevo-rotatory  bodies  of  high  molecular  weight,  without  smell,  with- 
out taste,  and  as  a  rule  amorphous.  In  the  dry  condition  they  are  either 
white  or  yellowish  powders,  or  are  made  up  of  solid  yellowish  disks  trans- 
parent in  thin  layers.  Crystallized  protcid  has  been  obtained  from  plant  seeds 
and  from  egg  albumin  ( Ilofmcisler),  from  whey  (Wichmann),  and  from 
serum  albumin  (Criiber)  (Fig.  38). 

Proteids  exhibit  great  differences  wilh  respect  to  their  solubility:  some 
are  soluble  in  water,  others  in  solutions  of  neutral  salts,  others  again  in  weak 
alkaline  or  weak  neid  sohition.-;,  and  some  are  not  ?oiuble  in  any  of  these 
fluids. 

The  last  mentioned  can  be  dis.'*olve<l,  in  part  at  lea.'^t,  by  means  of  strong 
acids  or  l)ascs,  but  they  at  the  same  time  undergo  a  transformation,  and  in- 
stead of  the  original  protcid  substances  we  then  have  what  are  known  as 
modified  proteids. 
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ttpidf  which  are  di:<)<oUixl  by  meatus  of  the  above-namoil  indifferent 
snlvenU  iTUi  Ik'  isnlaliil  friHii  the  tiMues  and  fluids  of  the  body  probably 
UDt-hangetl.  and  are  thorufuru  desij^aled  as  riufirf  proteids. 

The  goluhiiiiy  of  ihi-so  suhsUncw  is  intimately  related  tr»  tlit^ir  acidif'  fir 
basic  characlcr-  I'ml^'ids  react  with  hf>th  ac'mU  and  ha!y«  forming  sfllts.  and 
themselYGB  therefore  jiartake  of  the  iiatun*  of  both  \imc»  and  ncidii.  TIio  ac-idic 
and  baaic  charactfrt.  however,  are  not  wjually  develnpctl  in  all  proteids.  Th»»e 
in  which  the  two  are  approximately  eiiiinl  hare  n  neutral  reaction  and  are 
}luble  in  water  and  in  •'olution'S  of  neutral  salK  Ulher?  read  a-s  weak,  aeid^, 
insoluble  in  netilrni  tlniilN,  but  are  9o\\\- 
ble  in  wvak  alkaline  N>ttitionti.  nnd  are  pnv 
cipitatMl  frnm  the  lalter  by  weak  ac-idi. 
Other*  again  react  as  weak  liases,  ore  solu- 
in  weak  aeidit  and  arc  precipitated  by 

The  protcida  are  prfcifntaifd  from  their 
Mtlution^  by  \arinus  reagent.",  the  reiieliond 
lieiHK  for  the  iiiot<l  part  trai'ealile  to  Iheir 
double  rhurocler  as  aciils  and  iMseh.  Ah 
acij»  they  form  with  tlie  ^\U  uf  the  heavy 
mrlald  prtx'ipitnteit  of  iniwhible  proleJd- 
metal  (>ahs.  t\^  basen  ihey  fonn  insoluble  salt.s  with  numeroiiii  weak  acidtt. 
Buch  a«  tannic  acid,  pliaitphiXiin^ntic  aeid,  hydroferrocyanic  ariil  ftlie  )iO> 
railed  nllcaloid  ruagents).  Proteidit  cannot  lie  recm-ered  unchanged  fMiu  Ihotc 
prwipitates;  they  have  \yevn  modifiwl  by  the  rejjcltonit. 

Proteidf  are  precipitated  and  at  the  winie  time  niodifie*!  by  strong  mineral 
tii-xA*  (e.  K..  Heller's  test  with  IIXOj)  and  by  alcohol.  They  are  motlilied 
abo  by  beating  their  solution)).  If  a  proteid  in  ttnlution  is  treated  with  a 
concentrated  solution  of  certain  neutral  «alt»  of  the  alkalies  or  metallic  earths 
— particularly  animuniiini,  niugne.-'iuni  or  miliuni  sulphate — or  with  these  salts 
in  gubatanc«?,  it  wimrates  out  unmodified — i.e..  is  "salted  out."  The  con- 
(•entmlion  nf  the  nentral  iialt  necftwary  for  Milling  out  varies  greatly  for 
dilTi-rcnl  protcidt;.  and  we  luive  in  thiK  circtiuiKtani-e  a  method  of  separating 
different  proteid^  in  the  same  solulinn  from  one  another. 

The  chemical  cleniont;;  characlcriBtic  of  simple  proteids  an?  C,  N.  S.  K 
and  O.  A  eoni|K>und  in  which  no  S  \i  found  ought  not  to  lie  describtxl  a^  a 
tn»p  proteid. 

The  perceiitnge  fompositinn  of  the  proteids.  which  consist  of  these  five 
dements  only,  rurie^  within  rather  narrow  limits: 


Flo.    38. — Ojiliibt   «(   Hrrurii-nlhijmin, 
after  niclimuui. 


C  50.6-55.0  per  cent. average,  fiS  per  cunt. 

H    6.5-  7.7       "        "  7       « 

N  16.0-18.5       "        "         16       « 

S     0.3-  2.2        "        "  2       " 

0  20.5-23.5        "         •'         ?3        *' 


Od  buminic  proteid.  various  mineral  eonstituenta  remain  a*  the  asb.    These 
it  appcara  ruuiut  be  completely  remuveil  frum  proteid  wlthnut  chunKinK  its 
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compnAJtion.     Yet  in  nnnp  nf  tli»  aualyHuH  of  prnteid  lias  the  tmh  been  t&ken 

into  m'count. 

liivcsligfltors  \m\c  sulijorlcHl  jimtpid;!  to  various  Irpntrannts,  paTllcnlarly 
liydrolylic  cleavnge.  aud  Im\u  si'uylit  t^  dutermiiie  the  n.'«ulting  deavaji?  prod- 
nets  both  qualitntively  and  quanttiativtily,  hopiit;;  thus  to  arrive  at  the  con- 
Btitutioii  of  Ihc  protcid  inok'cul*'.  In  t)m  wiiy  it  hns  liwii  shown  that  attain 
groupii  of  atoms  are  |ui!m.'!iI  in  utl  firoti'id  sulpplanot's.  whili'  others  occur  only 
in  snniP  and  are  thorofore  not  chaTflCtoriii'lic  of  tlio  prnlc^ids  as  n  (?rriup.  Suc-h 
coiiipimiKls  lb-"  ccmliiin  tin?  smallest  niimber  of  aloniif  gronps  niid  al  thi^  same 
lime  give  all  of  the  jjHiitfral  prnltid  reactions  would  Itc  thisHx!  by  this  method 
us  simple  proteids.  Thi'  conipnund  proUnds  woiilrl  Imt  formed  by  addilion 
o£  new  groups  of  atoms  to  (he  simple  prnteiil  ritolmrulc*. 

The  atomic  ^mnits  thus  far  known  as  ubaractcrizing  the  proteids  are  the 
following  (Ilofmi-iufpr). 

1.  Thp  Kuani-Hii   rP!.l— CNH.NH^ 

2.  Munubaflic  o-moimiiiiiui  acid»  of  the  aeries  C.H».,\Oi,  suL-h  ai  amino- 
aifiiu  acid  (nrlycocoll,  Cll,(NI[,).COOHK  iiinlno-pntpiuiiio  acid  rnlaiiin.  Cli., 
Cn(NH,).COOII).  flniim-bntyrir  arid  (nil,.CTT,.rH(N'ir,).(^0<)Hl.  uinino- 
VflWinnicaoiii  (riT,.CFT,.CIL.Cn(N]I,).r<)OII).  wniiiio-wipruio  uoid.  isohutyl- 
ftmiiifi-aoflic  m-id  (It-m-iu.  ((_M"|,),.CH  .t']l,.ni(MI,)  COOn  ).  Of  th.>se  com- 
puuiids  iuiKMii,  El,v«'Li(?f'll  and  alaiiin  ticc^ur  in<ist  iibundoiitly,  aniino-vak'riiinic 
acid  and  aniiimbiityritr  acid  U-an  fn'(|iK-iitI.v.  Oi'iiaiii  i>t'  thi-ui  aw  wuiitiiiK'  in 
Tarious  proleids. 

3.  Monobasic  rt-w-dianiino  a<?ul*  of  the  !»orif*  CH^iJ^/),  ;  f- p..  the 
a-«-diiiinino-TaUTiuiiic  ut-id  (CII.(^'UJ  .ni,.CU,.ClI(Nirj  .COOII )  and  the 
».*  dinmino-cnproic  acid  (l.vsin.  (;H,(  Nn,).('II,.('H,.(ir,.ril(NII,).ri>OH). 
The  former  is  alwoj's  aftsiKriated  with  the  puanidin  re^t,  lh<'  compound  being 

de^rib.^  a«  nrpinin:  ^H  =  ^;"'„.cn,.On,.CH,.ClICMl.)  .COOH. 
Arifinin  and  l.VKin  Mccnr  in  rar>'iriK  pn'purticnH  in  all  proteids  (DrcchHul,  Hodln, 
KosHpl),  ulthoURh  a«  nn  cxcrpfion  uup  of  them  may  b*  entirely  nbRcnt,  as  Ij-sin 
from  mn.  They  are  particularly  abundant  in  the  prolamine,  first  obtained  by 
Mie^rher  fn>m  fish  spenit,  and  described  by  K(>!4,*el  a*  tW*  »iini>le«t  pntteid.  This 
desiRnnliin,  however,  it  not  admiKKiblp  since  prdtamins  d'»  not  contain  suljduir. 

4.  A  nionobasio  /S-vJiy-fl-immaminu  acid,  lumiely,  the  ^-oxy-o-amino-propi- 
onir  aeid  fsj-rin,  ('H,f()I!).C;iI(XIl,).CO(>in,  ban  be<'n  demfiiintratL'd  so  far 
in  aennn  allmmin.  plobin  nud  «lc^tin,  and  jimbahly  ««"eur9  in  tho  other  simple 
protfid*,  fiiicc  it  wais  fi.njtid  in  casein  and  in  fibroin  of  silk  (Fisclier). 

5.  A  moDobaiiic  jS-tbiu-o  tnonamino  ncid:  namely,  the  ja-tbio-a-mnnnniino- 
propionie  ncid  (OH,(SH)  .C'iKNH,)  .COOH).  cnrrpspnndinft  to  wrin.  which 
probably  ontcra  into  protcidn  as  the  disulphide  (cvMin.  COOILCIICKTI,). 
0H.-S-S-CH,.CHi:NH,).0OOTI)  (K.  a.  H.  Mnnu-r.  Kn>b.len).  M.-.rm-r  find* 
that  Ihc  total  isulphnr  of  keratin  fcowV  hrirn.  human  hair"),  serum  albumin,  and 
M.Tum  Kb-'buliii  niiKlit  iicr-iir  n-*  cywtin  (rronps.  In  the  ?ihi'II  mcndirjinc  nf  the  hen's 
Mmr  an  uiuch  an  thrcc-fmirlhs  of  the  sulphur  are  present  a»  cynrin.  in  fibrinoRpn 
abimt  DDi'-hnlf,  itiid  in  i-pg  albumin  only  about  one-third.  IImw  the  remaining 
sulphur  ix  combined  in  thew  nnd  other  prolcid*.  wc  do  not  know. 

6.  Dibasic  a-monamino  aeids  ol  ihe  »prips  C,H».iiNO..  namely,  amino* 
auceinic  acid  (aspartic  aeid.  COOH  .rH,.CH(NH,).C001l)  nnd  amino-pvro- 
tartaric  acid  (glutamic  aeid.  COOII .CH,.CH..CllCNIt,) .COOII).    The  per- 
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ocnUgc  of  monamino  acids  in  the  proteid  moleinilc  U  by  no  meariR  Btnall:  60.3 
|»er  rrtit  •>{  tht-  Inttil  nitroei^i  in  c-r>-stallixrcl  ^-riitii  iiUnimiii,  117^  pi*r  rt:nt  in 
er>»lalliz<.-<l  ifcg  atbuntiu,  bb.i)  {icx  cent  iu  cr^'atolliuKl  edcstiii,  fia^  jwr  cent  m 
Mrrum  iiliiliiilin    (IiorKu). 

7.  Ciirb<ih.V(lrati>  (irLiup".  In  mftny  proteidB,  but  not  in  nil.  thrrc  h  a  niirlnis 
which  i>ii  lulal  c!(rjiv«i{f  apiwura  rvguliirly  as  ElucowimiD  (CH.tOH)  .011(0]!). 
t'II(01l).CU(0n).Cn(Kll,>.Cn:0)  (F.  Milller).  Besides  this  nucleus,  nr 
iti  ltd  place,  iiitrogpnoua  or  nonnitrogttiious  carbohydrate  complexPH  miiy  a]s<>  be- 
profwot, 

AmoTift  thp  simple  native  proteids  there  appears  (o  be  im\y  nnc  I  bus  far 
kanirn.  nnrnely.  fdesliii.  wbicb  coniuiiLs  nu  carbuhyilrale  Rri^up  in  its  molcruU'. 
In  tbp  oiht-rs  tlw  nunilM-r  n{  these  iinrupH  varieK  conj^irk'rahl.v,  Cr.v«titllixod  ecK 
aibumin  enntuins  ut  lea^tt  lO.O  tn  U.il  iht  <vrit  <if  Kln<-iMtiinln,  ^nhmiixillary  niu- 
rfn  80J*  per  oen(  nf  rmhicinK  substance.  pflPiidomnrin  fmm  oTarinI  e^-ftts  30.0 
pwr  rent,  ejig  mu<<oi«l  W.St  jut  opiiI,  and  the  mucin  "f  sputum  3G.9  i>er  cenl.  In 
crystallized  »enim  albumin  the  content  ie  verj-  small. 

fl.  A  monamitio  iiriil  of  (he  bon»i1  ^ries.  namely,  the  pora-pbcuyl-anuno- 
pmpinnic  acid  <phen.vlalanin.^  CH,.(:H<NH,).COOH)  and 

U.  The  corrcftpimdinff  pa  ra-o)i.v 'Compound,  p-oxy-pbeu>-l>aaunu-propioDic  acid 

In  most  prolcids  tyrosin  occurs  in  far  greater  quantity  than  phcn,vlBlaDiii. 
Thr  maximal  yield  of  tyrosin  U  1.5  per  cent  in  crysiallixcd  etK  aibumin.  2.0 
p<T  <Tnt  in  .-^enim  albumin,  3.0  |RT  cent  in  fibrin,  6.S  jwr  cent  in  ib.vmn&  htston 
and    IM   jht  wnt   in  «eTn. 

10.  Fnmi  numerous  observal itms  on  the  cteavajfe  products  formed  in  pulro- 
faciinii  of  proteiil.  it  app<?ar»  ibsl  an  indol  iiucliru^  is  pnwent.  It  is  tlktly  ibat 
tbi*  nucleus  in  veij'  »mall  quantities  is  cbanijed  into  ^-melhyl-indol-nmino-acctic 
arid  (tryptopban, 

cu    c-c  oil, 

en      C    C.CU.(NH,).COOH 
CH  NH 

Hopkins  and  CoI«). 

11.  The  beterwyclio  pyrrolidin  nuclcua  ia  represented  amonK  the  cleavage 
pruduct!'  of  diCFeri'nt  itroii-idH  (cilcKtin.  eerum  nibuuiin.  wruni  globulin,  egg  albu- 
min, fibrin)  by  th«  a-pyrroliflin-carbnxyllc  acid 

CH,-C1I, 

cm,  oii.cooH 


18.  By  the  ozy-a-pyrrolidin-carlwxylic  acid 


CH,-CH.OH 
OH.    CH  COOH 
NH 


(FUcber). 
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13.  In  many  proteids  the  presence  of  a  hexone  base,  deacribed  as  higtidin, 
C,H»N,0,  has  been  demonstrated.     It    appears  to  be   a    pyrimidin  derivative 

NH-CH, 

HC    CH 

N-C.CH(NH,).COOH. 

In  the  following:  table  are  brought  together  after  Ehrstrom  the  most  impor- 
tant nuclei  occurring  in  the  proteid  molecule,  arranged  according  to  the  number 
of  carbon  atoms  which  they  contain. 


c. 


C  :  NH(NH,) 

Guanldfo  rest. 


C,        CH,(NH,) 

COOH 

Glycocoa 


C,H,N.CH{NH^ 
COOH 

TTTptaplMa. 


C.H,N,CH{NHJ  (!) 


COOH 

HMIdio. 


C,       CH. 


CH,{OH) 


CH(NHJ       CHCNH.) 


COOH 

Alanln. 


COOH 

Rerfn, 


CII,{SH) 
CH(NH,) 
COOH 

Cyteln. 


C,H..CH, 

CH(NH,) 
COOH 

FliraTUIftnln. 


C.H.O.CH, 

CH(NH,) 
COOH 


c. 


CH, 

I 

CH, 

CH(NH,) 

COOH 
AmlDO-butrric  add. 


COOH 

CH, 

CH(NH^ 

COOH 

AspAittc  acid. 


C.        CH. 
CH, 


CH. 


ch; 

CH(NH,) 
COOH 

Amlno- 
TalerbuUc 

MCM. 


CH. 

■  CH 
CH. 
CH(NHJ 

COOH 

Leucln. 


COOH        CH,(NHJ 


CH, 
CH, 


CH, 

CH, 


CH,-, 

CH, 

CH, 


CH(NH.)    CH(NH,)      CH(NH) 


COOH 

Olutamlc 
Add. 


GOOH 

Dlamlno- 
TAleiianic 

Kid. 


COOH 

•-PyiToUdin- 

carboxjllc 

acid. 


CH,- 
CH, 

CH{OH) 
CH 

COOH 
Oxy-a-Pyrrol- 
IdlD-carbonlk 
add. 


(NH) 


C. 


CH,(NH,) 

CH, 

CH, 

OH, 

CH{NH,) 

COOH 

LyalD. 


CH,{OH) 

CH{OH) 

CH{OH) 

CH(OH) 

CH{NH,) 

CH:0 

Olucosamla. 


Certain  of  these  groups  can  be  recognized  by  characteristic  color  reactions. 
(1)  The  xanihroprote'ic  reaction  gives  a  yellow  color  with  strong  nitric  acid; 
after  neutralization  with  ammonia  or  a  caustic  alkali,  the  color  passes  over  to 
orange  or  reddish  brown.  The  reaction  depends  upon  the  presence  of  the  ben- 
zol ring  in  the  proteid  molecule  (phenylalanin.  tyrosin,  indol),  (2)  Millon'a  reac- 
tion gives  a  red  coloration  to  the  precipitate  or  to  the  fluid,  when  a  solution 
of  mercuric  nitrate  containing  some  nitrous  acid  is  added  to  a  solid  proteid  or 
to  a  proteid  solution.     This  indicates  the  presence  of  the  oxyphenyl  group 
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(tTrmIn).  (.1)  The  reariion  of  Ailarnktemfz  RiTes  a  reddish  riolel  color  wilt 
I  Vol.  ootiocniratcd  n,SO,  ami  K  vol.  untif  acid  cDtiTnihiiix  utmie  glyoxyiic  »vi^, 
«n>l  rhflractffriiuM  the  imlol  Rmuti  (lrii-i»tt>[ilinii).  (■*)  Hy  iiivans  of  MoHsrh's 
rtadioH,  wluch  is  ii  violet  color  with  cx>tifcii (rated  H,SO,  ami  a-napluhol,  the 
imrbofaydrate  grouiw  are  lifiDonstniU'd,  and  (K)  j*y  iioilinff  vhUi  alkali  and  a 
Uad  aalt  (formation  of  blark  lead  sulphide)  the  t-ystin  groupn  arc  drU-ctcil. 

The  hiurtt  rtacfion  KtTr»  h  (>o1or  changing  from  ivd  through  reddish  violet 
to  rtolet  blue,  on  addition  of  dilut«  solution  of  uopper  sulphate  to  a  prutoid 
volution  previously  ulkulizcd  with  caustic  luiiash  or  soda  nnd  then  warmed.  It 
ij  very  gemirally  regarded  na  Rfippifiirally  chHrnctcristic  for  iho  protcids.  This 
iraeiion,  according  to  II,  Sehiff,  oppc-ar^  with  thosp  aiibMnncfs  which  contnin  two 
CO.Nn„  CS.Nn.-.  C(NII).NT1...  «r.  undPr  certain  conditiona.  -CIT.-NH.- 
grovp«.  joined  loyclhcr  by  Iheir  own  C  atoma,  or  by  a  C  atom  in  a  CII-, 
Cll(OH)-,  CO  KFoup.  or  finally  by  u  N  atom  in  ou  NH  irruup.  However,  this 
rmcliun  ia  not  a  positive  criterion  of  the  proteid  nature  of  a  body,  for  on  the 
one  hand  nibetancea  of  so  simple  a  stniciture  as  the  g1>ctnflmid  give  it.  and  on 
otWr,  it  i«  wanting  with  the  deHaniido-Hlbiiniin  (nbtninei^  by  (he  nction  of 
itiVIU  acid)  where  all  the  cnrbuii  nuclfi  of  th*f^  proli-id  an.-  present. 
Aa  a  matter  of  fact  there  i»  at  tbi»  lime  no  physical  or  chemical  feature 
by  which  one  can  decido  positively  whether  a  compound  U  to  be  ili<Hcribi-d  as 
a  proteid  or  not;  and  for  this  reason  certain  euhtttEineex  are  by  some  cntimernted 
among  the  protcids.  while  by  other«  their  proteid  nature  is  positively  di-nied. 

After  discosaing  exhauf>tively  alt  the  facts  obtained  from  the  cleavage 
products  of  proteidft.  Hofnieiftcr  reaches  the  eoDcluicinn  that  protoids  ari«c 
rhiefly  hy  cAndcnsation  of  the  a-aminn  aelda,  union  taking  place  repiilarly 
and  rrpeatwlly  by  nieanrt  of  Ihe  C'0-XH-CH=^  groups.  He  reinarkf^.  Iiow- 
ev<"r,  that  thi*  conception  of  the  mbject  does  not  explain  nil  formii  of  linkage 
in  proteid  and  that,  contiidering  our  incomplete  knowledge  oX  the  proteid 
molecule,  other  r«lation8  are  hy  no  means  excluded. 

A  rnlionol  cla&sification  of  the  simple  prntcid.1  can  only  be  rarrlrVI  ont 
when  we  possess  more  exact  knowlc<i^[c  of  tticir  couistitution,  and  iin-  ihiis 
ahU-  to  <itnte  what  nuclei  occur  in  each  individiuil  proteid  and  in  what  quan- 
tity. This  15  far  from  po^ible  as  yet,  and  with  inost  protoidtt  we  are  not 
eten  in  position  1o  say  whether  they  are  actually  chemical  individuBls  or  are 
mixtnrH  of  different  suh«tance«.  We  arc  compctlcd  ihcrpfore  to  cla**ify  the 
pmteid:^  aooordinjr  In  their  relative  soluhility  and  pret'ipiuitive  reaction!*.  This 
i*  hy  no  nieaox  n  scientific  principle  of  clasiiification,  but  it  is  justifiable  ou 
purvlr  practical  pronndfl. 

Acc«)niingly  simple  ppoteids  have  been  divided  into  the  following;  {rnmps: 

A.  A^ofiiv  prolfitis.  The«e  arc  obtained  from  the  tiHsiicj*  ami  (Iiiid*  of  Ihe 
body  by  neutral  chemical  reagents:  the  aibumins,  glohulinn  und  niucinH  are 
the  moit  im|iortant. 


jble  in  water:  not  precipitated  from  aqueous  aolutions  by 
\c\t\A  or  alkalir-ii,  but  pn>eipitat<?d  by  larger  quaiitiliM  of 
■tallic  nalli.     On  l>oi1ing,   the  fxtlutioni*  arv   i-oagulntttl    if 
» iiey  are  precipitated  by  NaCI  or  by  MgSO,  only  on  mhlilion 
ol  Koettc  wid.     They  are   not  salted  out   by  halff^aturation  of   their   solutions 

ted  with  greater  conwn  trot  ion  of 


1.  Albumin*:  Roluble 
■mail  quontiticii  of  act 

certain  acids  and  mctamt    nmi-..      un   inninifi,    mi-   n-iiiiiitiiui  ui*-   ■•■iikui'>"~<>    •■ 
aalta  arv  pr«*'M*iit,    They  are  precipitated  by  NaCI  or  by  MgSO,  only  on  mhlilion 

I  ol  Koettc  wid.     They  are   not  salted  out   by  halfftaturation  of   their   solutions 

^ft       with  ammonium  sulphate,  but  are  so  sepnra 

■      theaalU 
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Albumins  occur  chicil.v  iu  the  onimnl  fluids.  To  this  group  belong  serum 
albumiik,  t*KK  albuiiiiii,  albumin  of  milk,  etir. 

2.  (jhbvliit»:  iusulublt.'  in  watvr;  ttuluble  in  dilute  fiilt  solutions,  from  which 
they  an?  prffijiiljiud  by  further  dilution.  SulutioiiB  arc  coaKuJutc-d  by  boiUog. 
Soluble  in  water  on  ndditiotL  of  verj-  Hin&ll  iiuautitit-a  ut'  ut:id  ur  alkuli.  whiJitKC 
they  are  precipitated  by  neutrfllixatioo.  Likowiw?  when  solulinn  is  efFoct«l  by 
minimal  qimtititiiw  of  tilkidi.  thi-y  art-  prccipitnted  by  carbon  dioxide  and  are 
redisfinlvtHl  by  txcoss  of  iht-  same.  CompleU*  prucipitutiuii  by  jfuiuratioii  with 
MffSO,,  partial,  by  .'*mnrnli4)n  with  NaCI.  TUcy  one  salted  out  by  hnlf-^alura- 
tioii  with  iimmotiium  Miilphiilt!. 

This  eharncteriziilioM  of  the  Kli>biili]ii)  however  is  no  loniiri'r  suflicJorif.  for 
it  apiK-are  from  scvenil  peeent  n.'«>arclH'»  thai  umuiiji  the  couipnundrt  which  are 
preripitaled  by  fractionid  .tultinfc  out  of  the  glubulinH  in  iht  liUiud.  tbiTi'  iicour. 
suhstuncca  whiich  are  neither  insoluble  in  water  nor  precipitated  from  their 
sulutioikA  with  enrbnu  dioxirlc-.  The  only  poAitivt'  distinetion  between  albumins 
and  gbibliliiiH  therefore  conttirifK  in  their  relation  to  neutnilixiilinti.  and  f^peeiaily 
to  ainmoniuni  Kiilphale:  the  KlubulinA  tire  im-eipilated  by  half-Haturation,  the 
albumin.')  are  not. 

The  globulins  also  occur  chiefly  in  the  fluids  of  the  animal  hndy;  but  they 
may  lie  iihtaiiii-d  frorti  tlte  tinsne!*.  To  ihi;*  Kroup  ^>elonK  6brinogen  and  aeruni 
globulin  of  the  bbHid.  myoHin  imd  iiiyoKen  of  thf  nniHcles,  etc. 

3,  The  inie  murtns  are  subslanees  insohible  in  water  and  in  ttolutious  o£ 
neutral  »n\t^,  hut  Mduhle  with  very  litlJe  alkali.  The  »olution»  ore  viscous,  and 
form  with  acetie  acid  n  preripilate  not  t*o1uMi>  iu  an  pxtn-tw  of  the  acid,  t'hem- 
ieally  the  nmeins  are  ehflrneteriwd  by  their  high  content  of  the  carbohydrate 
gniii]in.  Tlie  true  inueiiDi  weur  iu  tho  Hubinuxillnry  saliva,  in  the  umbilical  cord 
{Wharton's  jelly),  ete. 

The  so-ealied  murouia  are  distinguished  from  the  true  mncins  in  et>rtain 
respeeta  which  are  not  yet  definitely  understood.     They  are  obtained  from  the , 
orarial  fluid.t,  from  the  eoniea,  the  vitreouw  body,  the  urine,  ete. 

It  in  also  asiierted  that  the  mucins  contain  fat.  If  the  submHxillarj-  mucin 
be  first  extracted  with  ether  and  U?  then  diRested  with  pepnin-HOI.  one  can 
latci  extract  with  ether  more  than  thrv^«  i>er  c-ent  fat  from  the  »ubatfluco| 
(Xerkinirl. 

B.  Simpie  proteids  which  can  be  split  off  from  compound  proteids.  Here 
belong  ^lohin  from  hjpmofilohin,  the  proteid.-i  from  thft  mucins,  etc. 

C.  The  native  proteidh  art!  chiuijfed  bv  the  iietion  of  alkalie-«  and  aciilit  in 
suflicient  concent  rat  ion  iulo  alkali  and  <j«iJ  ri/tirim(H«('.s  (syutoui]!).  In  tlie 
formation  of  alkali  alhiiminotert  some  nitrofjcn  is  split  off  from  the  protcid, 
and  with  stroiijjer  action  of  the  alkali  srinie  .<iu]phur  also  is  separated. 

In  npite  of  their  different  nindcs  of  fnrmalinn.  and  in  ftpite  of  different 
chemieat  euuslituliunw.  the  nlkali  and  aeid  ulbuniinatcK  urc  vur>-  closely  related 
to  vach  other.  In  water  or  dilute  NnCI  Holuiion  they  are  almiJitt  insoluble,  but 
are  twilubh-  on  addiiioii  of  email  (iuaiiliiie>-  of  acid  or  idknli.  Stieh  a  solution 
(even  if  neutral)  is  not  coagrnlnted  on  boiling,  without  the  addition  of  sutticient 
quantity  of  neutnd  salt«.  Solutions  of  albuminates  are  precipitated  at  room 
leinjieralurc  by  neulralization,  by  exee»*  of  mineral  acid-*,  by  many  metnllic 
salts.  An  acid  (<nlutiiin  of  albuminate  is  readily  precipitated  by  NnCl,  an  alka- 
line solution  only  with  difheulty. 

D.  Under  the  influence  of  the  digpstive  fluids  theiv  are  formed  hv  hvdm- 
lytic  cleavage  of  the  proteids  a  numlwr  of  new  subBlanoes,  the  eo-caUed  albu- 
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peptones  which  w1!t  bo  fully  treaiixt  in  our  study  of  dij^lJon 
(ClmpliT  Vll). 

K,  Filially,  wv  should  iiivnliuii  lh(>  L-(>tii[)uiiiiiip  nrisiu;;  htf  voaguhlum  of 
Ihr  mluhfr  pmteuht,  wliose  propertic-i  nrc  loss  wi-ll  knniini  than  those  of  nther 
pmtcid  !=u1iHlanci>s.  To  thiJ*  jiroup  helonjfs  iilso  the  fthrin  fnniutl  in  tht-  ciMgn* 
JnCioD  of  tilt;  blood  liy  splitting  of  fibrinogen  (tMK)  Chapter  V). 

In  orrter  to  jrivc  a  more  exact  idea  of  the  ruimilitativr  ofimi)i)«itioii  of  the 
«imp1e  prateidA.  vrr  haTtr  brttught  toglstlicr  in  tbu  fi>|[on-tng  tiibic  iho  rnsiill!*  of 
aiuil<r)K«  by  Aborli]ib]<-u. 
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B.   THE  COMPOtWD  PROTEIDS 

Simple  protoidB  an-  di.-^tinjruirJiLtl  Inrgiely  by  the  fact  that  thcT  ciin  unite 
iriih  each  other  He  vrtll  as  with  other  substances  to  form  new  oompounds. 
The  atomic  group  conjoined  with  the  proteid  in  the  laller  ca)*c  ia  do*icrilM'd 
by  KwMfl  as  (he  prosthetic  j;roup.  Such  eonjuj;aled  pmtcids  can  be  ifnlHtwi 
froui  the  animal  fluids  and  ti*«sues  in  jfreat  numbere.  They  ore  classified 
tfcordin^r  lo  the  nature  of  the  eonjujiant  into  th^  following  Kroupn: 

A.  IltemoghbittJt:   ThfcJC  rcprpjy>nt   compounds  of  a  bai*ic   pmleid   bfMly, 
lobin.  with  the  acid,  iron-contaiuiiig,  pigment  hs-mochroniogeu.  and  will  bo 

ducUiUHil  at  Icrigib  in  Chapter  V. 

B.  ^iirlfo-nlbumtHji:  phosplmnw-cnntaining  proteidi*  which  are  eharacter- 
ittd  by  the  fart  that  on  digestion  with  pcp(>in-IICI  n  portion  remainj'  tem- 
tmrarilr  insoluble.  This  pnrrion,  like  the  soluble  portion,  contains  phojphorufi. 
and  i«  de*criboiJ  as  jx^nKloniictein  or  prtranucleiu.  It  is  distinguished  from 
Ihc  true  noclejns  (we  below]  by  not  containing  any  purin  boMS. 

Til  llif  nuek-o-idbumiiiR  l>eloiiir  iho  casein  of  milk,  wbnse  ppnperti('6  will  be 
fulljf  cofitidprt-d  later  ^Chnpter  XXVI);  Titcllio  found  in  the  y-lk  of  n  bird's 
enr:  TarinuA  protcida  of  tiic  bile,  the  kidneys,  the  mucous  membrane  of  the 
bladder,  etc. 
7 
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Little  is  known  yot  with  regard  to  the  confitJtutLon  of  paniniiclein,  or  the 
form  in  wliicli  plm^pIioruB  i*.  fciinJ  either  in  it  or  in  llio  iiiJcU>o-fllbuinin» 
in  general.  I.-evene  anil  Alfiberg  Iwwtjver  hare  iHi>latoil  an  nt-id  (vitellinie 
acid)  from  vil«llin  wliich  jmsjiibly  rtrpruaeutii  a  coiupuiind  of  prolyid  witli 
pliOKpliuriu  at'id  in  tin'  f«inn  of  «n  islcr.  Like  the  corre.-iponding  pseudo- 
nuclcin  this  acid  contHitis  iron  in  organic  combination,  which,  a^  Bungt'  hc- 
lieveSr  may  serve  for  the  formation  of  the  iron -containing  liu<nioglnbui  of  tho 
youny  bird.  Likowiw  froin  casein  a  paraniiclcinio  arid  has  l>wii  obtainerl  by 
ijalkuwiKki,  from  which  (irthopliut'phoriu  acid  ran  Iw  sjilil  olT. 

Neither  casein  nor  vjtellin  ctmlains  any  cwrbohydrnte  (troiip.  Twenty -nftven 
and  oiii-(L*iith  per  cent  of  the  totfll  nitrogen  in  cow's-milk  caw-ia  occur*  a* 
diau]iiK>-N,  and  sixty-twu  per  cent  an  munninino-X.  The  mnxiiual  yield  of 
lyrtjsin  from  taHfiii  is  4,5  irer  cpnt.  Only  akuut  otU'-ivnlU  of  the  eulgihur  of 
caM-iii  is  prfst-nt  in  the  fonn  of  cystiii  coinpilmid.-*  1  Milrner). 

C  Nuclfinf:  compounde  of  proteid  with  the  niipleic  ncidg. 

The  nucleic  neids  arc;  phnsphortis-ronlnining  suhstjinees  whi<-h  yield  on 
decomposition,  hesiilc.!!  plinfipJiorie  nr  niL*tiiphn«phoric  Hciil :  ditrcrcnt  eharac- 
teridtie  pnrin  banes;  the  pjTiniidin  derivatives  thymin.  uracil,  and  cytoain; 
and  linnlly  carlKfihydnitiw.  XTnn,virer  thev  are  dextro-mlatorv,  nritwilhstand- 
in^'  thai  uucleius  auil  even  (lie  nucleo-proleids  (see  lielavv)  are  liev«-rotat«ry. 

1.  The  piiTtn  baata  (called  aUn  alloxiiric,  xanthin.  or  micletn  baaes)  are 
duriviUiviw  nf  jinrin,  which,  accord! ii(r  to  Fischer,  consists  of  a  pyrimidia 
nuoleuii  and  a  glyoxaliii  nuck-us  joined  to  the  former  in  the  4^  5  position, 

(i)N — cnffi) 

(2JHC  (S}b NH(7) 

I         I  ;CH(9) 

{.1)N U(i>— N(9i. 

Different  hydrogen  atoms  of  this  structure  may  be  rrjilnced  by  liydroxyl,  amid. 
or  atkyl  sroupa.  The  ]>urin  bawcs  arc;  xuiitbin  (2,0.dio3y,-purin.  0,H,N,0,); 
guanin  (S.ainino-fJ.oxi'puriu.  0,1I,N,0);  hyposanthin  ((i.oxyinirin,  CiIt,N,0); 
and  udertiu  (f!.aniinn-purin,  CM1,N.).  In  KUiinyliu  acid  fruui  ihc  paucrL-a«  only, 
eiiHiiin  is  fnund.  Srvcral  iMiriii  1)um-.<4  m-cnr  in  the  other  nucleic  aclda  and  in 
tbc  nucleic  acid  from  yeast  all  of  tivejn  are  ftiund. 

a.  TJijjmxn,  discovered  by  KoAsel  in  tlie  nucleic  acid  of  the  thj-miifi,  is 
&.methyl-!i.iJ.dioxy-pyriniidin, 

NH-CO 

OC    C-CH. 

NH-cn. 

It  has  been  found  ii1ik>  in  the  nucleic  ucid^  of  the  apleen,  of  fish  i^pem;,  of  the 
brain,  liver  and  paneren^. 

3.  Uracit,  3.0-diov()yt-iinidin, 

NH-CO 

OC    CH 

occurs  in  the  nucleic  acid  of  ypflsl  and  in  thorse  of  the  pnncreai),  th.vmii",  hi'rriiiff 
Kpei-m,  etc.  (AhcoH), 
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4.  C|r(o<in,  6.aiiiiiii>-2.oxf-p]-rinii<liii, 

NH-C.NH, 
OC    ClI 
NH— CU 

(KompI)  bis  an  rquiilly  wi<li>  ilinrrihution. 

&.  Ill  amriy  all  of  the  nucleic  acids  tlicrc  is  a  carbohj/dntle,  somctitnes  m^ 
pvtxloiK;{l-xy\«»c),  »onH>tiinci>  ft  hoxoiiio. 

Ndtlitn^r  dctinile  in  known  cuoceming  the  manner  iii  which  phoophonis  is 
vonibinol  in  ihc  ouck'ic  acjils. 

One  ran  obuin  ii  fnir  idra  of  the  i^oriiplpxily  of  riiiflric  acids  from  the  follow* 
ing  ftlntctural  formula  for  a-guan.vlic  acid  given  by  Hung. 

on  OH 

C,H.N,-0-P-0-C,H  ,(0H).  C.H.O, 

Uuonla  f.  UlrcvMn       IVntaM 

C,H.N,-0-P-O-C,H,(0U).  U,H,0, 

Op 
C^,N\-0-P— 0-C,H,(OH).  C,H,0, 

6 

C.H,N.-0-P-0-C,H,(OH).C.H,0, 

oK  on. 

The  8iinplt>st  nuclcins  an*  the  nnltlikc  compoundH  uf  nuclviv  acids  with  the 
piotantina  and  histoiui.  Thctte  simpli^  pmtoids  arc  clnm^I.v  rrhitnl  chi'tnically,  und 
ihnv  MPRua  to  be  a  clow  relationship  ph^'sinlotrically  as  h'cII:  for  whr-rpa.-!!  one 
flnda  hiitons  in  unri|)c  fiidi  9>|M^nn,  in  the  ri|N>  »iwnn  protatnins  arc  found. 

The  nncleitu  finally  unite  with  prol^jid  to  form  nurlfo-proUtdf,  which,  it 
■ppears.  nccur  io  (do&d>  cell  protnptaitm  and  (»pocialty  in  the  {dead)  cell 
BDclMft,  where  Mie^her  first  dcinomttraled  tlioin.  Their  composition  is  very 
complicated,  and  they  represent  the  first  i]-x'nm|>ojiiiion  products  of  the  livinjf 
wjb««tniirc  thus  far  known.     Sotuo  of  tlieni  appear  tn  ennlaiti  iron. 

I).  Chorntro-pnttfiilfi.  t'nni[>oumls  of  pmteid  with  chondniitin-Kulphuric 
acid  (<\,H,.\80„  Schmiwlflx^r^l  and  found  in  the  mucoid  of  cartilage, 
amvbid.  in  tendon  mucin,  and  pi-cMumably  in  other  mucnuit  aub^tanoes. 


C.    SUBSTANCES   RESEMBLIIfG   PSOTEIDS 

The  followintr  8iib*t)inCT'«  nre  known  to  be  cbw**l.v  n-lMlt-d  to  proteid*.  from 
tho  fact  that  on  dwoBipnsition  thej  yield  in  ceneral  the  same  sub»l«nc*w  a«  do 
prtitcidK.  h  i^  po««ible  that  aomc  of  them  should  be  enumerated  among  the 
true  protrids, 

A.  Pfodtmihs  (nw  piitr^  7<*). 

B.  Keralin,  a  #uh<itancp  rich  in  sulphur  (2.5-5  per  cent):  amorphou*.  in- 
Boltdik-  in  water,  aleobol.  ether  and  the  dincRiive  HuidH;  containinl  in  hem, 
r^iirrniis.  hnir,  nailn.  etc.  On  h^^atin^  irith  wnter  in  cl<wed  tubeR  it  yields 
alhntnrMM  ainl  peptone*.  It  develupfi  the  chArartemcic  smell  of  burnt  bom 
whra  i|piit«d. 
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About  the  same  products  (with  the  exception  of  carbohydrates)  have  been 
obtained  by  cleavage  of  tbe  keratin  molecule,  as  from  the  typical  proteids. 

C.  Albumoid,  a  substance  obtained  from  the  cartilage  of  the  trachea,  which 
stands  in  certain  respects  between  the  true  proteid  and  keratin.  Another  albu- 
moid occurs  in  the  fibers  of  the  crystalline  lens. 

D.  Elaslin,  a  yellowish  white,  amorphous  substance  containing  only  a  small 
quantity  of  sulphur;  insoluble  in  water,  alcohol  and  ether;  and  attacked  by 
chemical  reagents  with  great  difficulty.  It  occurs  in  connective  tissue  and  espe- 
cially in  the  ligamentum  nuchte. 

Among  the  cleavage  products  of  proteid  which  have  been  obtained  from 
elastin,  are  the  guanidin  rest,  leucin,  diamino  acids,  tyrosin  and  iudol,  but 
neither  glutamic  acid  nor  carbohydrates. 

E.  Collagen,  a  sulphur-containing  substance;  insoluble  in  water,  salt  solu- 
tions, and  very  weak  acids  and  bases,  but  swelling  up  in  less  dilute  acids;  it  is 
the  chief  constituent  of  fibrillar  connective  tissue  and  occurs  in  boue  (ossein) 
and  other  tissues. 

When  collagen  is  boiled  for  a  long  time  with  water,  it  passes  over  into 
gelatin  (glutin). 

F.  Oelafin,  a  colorles*,  amorphous,  nondiffusible  substance  of  about  the 
same  chemical  constitution  as  collagen.  It  swells  up  in  cold  water  and  is  dia- 
solved  in  warm  water.    On  cooling  the  solution  sets  into  a  jetlylike  mass. 

Neither  carbohydrates,  cystin,  serin,  tyrosin,  nor  indol  occurs  in  the  mole- 
cule of  gelatin.  Sixteen  and  six-tenths  per  cent  of  the  total  nitrogen  is  present 
as  arginin,  and  not  less  than  8.4  per  cent  in  the  form  of  glycocoll. 

Gelatin  solutions  are  not  coagulated  on  boiling,  and  are  not  precipitated  by 
mineral  acids,  acetic  acid,  alum,  lead  acetate  or  metallic  salts.  They  are  pre- 
cipitated by  tannic  acid  in  the  presence  of  salt,  by  acetic  acid  and  NaCI  in 
substance,  by  mercuric  chloride  in  the  presence  of  HCI  and  NaCI. 

By  prolonged  cooking  gelatin  is  transformed  into  a  nongelatinizing  modi- 
fication. It  is  acted  upon  by  the  digestive  enzymes  yielding  gelatin  albumoses 
and  peptones. 

G.  Eeticulin,  a  constituent  of  the  connective  tissue  framework,  of  the  lymph 
glands,  of  the  spleen,  of  the  intestinal  mucosa,  the  liver,  kidneys  and  alveoli  of 
the  limgs. 

D.    OTHER  NITROGENOUS   SUBSTANCES 
Among  the  remaining  nitrogenous  substances  which  may  be  isolated  from 
animal  tissues,  lecithin  should  be  especially  .mentioned.    It  is  found  in  almost 
all  animal  and  plant  cells,  especially  in  the  brain,  the  nerves,  the  blood  cor- 
puscles and  in  egg  yolk;  it  occurs  also  in  almost  all  animal  fluids. 

I>ecithin    represents   an   esterlike   compound  of   a    base,  cholin,    oxyethyl- 

trimethyl-amraonium- hydroxide,      pTi'-vcfu  \    niT     ^''^^    glycerin-phosphoric 

acid  which  is  united  with  two  fatty  acid  radicles  into  a  glycrride.  There 
are  diiferent  lecithins  therefore  according  to  the  kind  of  the  fatty  acid 
radicles.     The  stearic-palmitic  acid    lecithin    to   be  obtained    from    egg   yolk, 

O.COC„H„ 
C,H,0.  0OC,5H„.(CH,),         .j^  ~Tj  takes  the  form  of  a  crvstallinc.  waxlike  mass 

O.PO(0H).O.CH,CH.     ■'^^' 
readily  Holuble  in  alcohol  and  ether.    With  water  it  swells  up  forming  an  opales- 
cent  solution,  from  which  it  is  precipitated  again  by  means  of  different  salts. 
Lecithin  is  found  in  several  cases  in  loose  combination  with   proteid  or 
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III  ftrotagott  which  occur*  in  the  wliite  substance  of  tht  cen- 
Iml  norAtil^VtfSti^ui.  and  jirnbjibb*  n-pivnt'iitH  u  iiiixtun*  oT  niib^^laTH'CM,  lecithin 
IH  buuiid  111*  wilb  ihe  rfmhronidtf,  N-coiitoiiiiuK,  ^^h<>splH>^u•!-frw  nubHluiict;)*, 
wbirh  itii  Iwilitutc  wilb  dllutv  iiiititTuI  ucidi)  yield  a  n.!iiuciiiii  sitear.  Ovo- 
titiUin  \*  a  combinAtinn  of  prot<-iil  hihI  iH-ilhiii.  iiml  !=im!lur  (■i)iiip<iiiti(lH  nn.-  xuid 
to  be  obtained  bs  insoluble  residut;)*  frum  peptic  diK<^>»tiuu  uf  (be  ftuMtric-  niu- 
Doea.  liver,  kiduoya,  etc.  Thuw  lecithin  albumins  represent  therefore  a  nww 
pmup  of  proteids  (cf.  under  R).  Jeeorin,  whic-h  has  Ix'Pit  di'muiutrntoU  in  the 
liver  and  in  the  blood,  is  a  combitution  o£  lecithin  und  j^lucuite. 


§2. 


THE   nONNITROGEKOUS   SUBSTANCES 
A.    FATS 


H         The  faU  arc  criers  of  the  triatotnic  ulcoholt>,  the  glycerin.^,  with  inono- 

H    basic  fotiv  acid*,  chief  of  which  in  the  animal  fats  are:  gtfarir  acid.  Ci.Hg^O-, 

palmiiir.  acid,  t',,H(jO,.  and  /thir  ariil.  (',,11^,0,.     Tin;  lri}.'I_vcprii]c(*  nf  the 

|fir*l  twfj — tctettriH.  (\U,.A*^\Jlu'-^i)j.  and  fvilmitin,  i\H^.{iS  1,1^^0,)^ — melt 
only  at  a  temperature  far  above  that  of  the  body.  The  glyceridc  of  oleic  acid, 
olnn.  1',IIb.(C',,H„0j),,  ig  on  the  other  hand  iluid  at  ordinary  (eniperatares 
and  solidifies  in  the  form  of  cryiilalline  nt-edlc*  only  at  —5°  (..'.  Th<^  melting 
point  of  a  mixtnre  of  the  thrtv  (rlyci-ride^  nmst  therefore  (lop<'ml  U[Hin  the  rela- 
tire  eonlcnt  of  olein — llie  greater  the  relative  quantity  of  tliis  fat,  the  lower  is 
the  melting  point  of  the  mixture.  Moreover  the  melting  point  of  fat  shows 
OMwiderable  variation  not  only  in  dilTcrenl  hpwieti  of  animals,  but  nltfo  in 
diffefx.-nt  part«  of  llic  same  individual,  uhic-h  rtiennt^  tlmt  the  relative  rjuantitjr 
of  tilein  pr»ent  varies  considerably.  Traces  of  fatty  acids  are  also  found  in 
animal  fat. 

The  following  reaotiona.  Bnioriff  othfnt,  wnrp  I«  diatiiifrui^h  ibc  different 
fats:  (I)  the  nrid  eqtiiralenl,  which  is  the  ineiisure  of  the  content  nf  frw  arid  in  a 
fat.  and  is  obtained  by  titration  uf  the  fni  tli)i»olved  in  alcohol  ether  with  n/10 
■lenbolic  i*au!<tic  p^jtaHh;  (2)  The  anponifiration  fquivaffnl — i.e.,  the  number  of 
Wf.  of  Kf>H  combined  with  fntly  acid  in  ?flpontficati<m  of  1  g,  of  the  fat  with 
■Icoholie  caUMtic  potash:  (3)  The  Retchert-SffiMl  equivalent,  which  leives  the 
amnunt  of  TolafiU-  fHtly  aeid  oblniiu^,  when,  iifler  i^nponiticiition.  the  fnt  is 
diatilled  off  in  the  prvsen<?e  of  a  mineral  acid;  (4)  The  iodine  etiuivafenl — i.e., 
^^g  quantity  of  iodine  taken  up  by  a  fat.  and  oervin^r  as  the  mcBJture  of  the 
IMiient  of  ulcin. 

In  the  body  fat  is  to  he  found  for  the  nin«t  i>art  inrloMMl  in  the  rclls  of 
the  fatty  lisanei*.  Those  ropres.^nt  in  fact  a  kind  of  storehon^e  for  fate  (cf. 
Chapter  IV).  It  oceurn  aliio  in  very  small  qnantiticH  in  the  blood  and  in 
other  t1uid«  of  the  body. 

Fal--*  are  innolnlile  in  water,  are  dinttolvi-d  by  lM>ilinK-hot  alcohol,  but  are. 
preripitaleil  again  on  cooling.  They  ar<!  readily  soluble  in  ether,  Iwiiwd  and' 
ehlnmforra.  On  boiling  with  caustic  alkaliest  they  are  decomposed  and  are 
split  into  glycerin  and  fatty  acid».  the  latter  of  which  unite  with  the  alkali 
to  form  »ap.  The  fuity  acids  are  set  free  from  the  soap  by  strong  acids. 
Denlral  fat«  they  are  snluhle  in  ether,  btit  this  is  not  the  case  with 
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B.    CHOLESTERIN 

Choltaterin  U  a  moiiuUimii-  ulirotiiil.  CcII«OIl.  which  occure  especially  in 
certain  biliarj*  con crt-t ions,  niso  in  ikip  l)rain.  in  iiervet*  oud  in  aiiiiiiul  cells  treti- 
erally.  I'roin  au  alfuhoHc  *olutioii  ir  cryatnllizcs  in  the  form  of  Icallf-ts  whic-h 
hove  the  aiiiifarimti*  of  muthtT-of-|n;»rI,  With  ihc  highur  fntty  \w\<\*  ohoU-sIirin 
forma  esters,  which,  iiiililif  ihi;  lais,  urc  vct.v  rusistanl  lownnl  dwompusintr 
reagmts  and  art-  therefdri-  spcriaily  HiiiliibiL'  fur  pwliiilion  tu  ihc  skiu.  \tv\int 
found  on  txith  htiir  nnd  fcjuhenn.  J.aititlin^  a  compound  of  xJiio  kind  prepared 
frum  wool  fat,  \xat  found  wide  practical  iidc. 


C.    CARBOHYDRATES 

The  nanio  carhnhyd rales  is  applii**!  to  »iiMftn<*9  composiorl  nf  0.  TT.  and 
O,  in  which  t\\o  II  and  0  nre  pn-scnl.  in  the  propnrtioiift  in  I'urtn  walur.  This 
definition  however  is  not  Mullicicnt,  for  there  arc  siihstaiift'8  with  (ho  same 
relative  «)iiuntili(-'s  of  H  uiid  (I  ivliifh  iire  nnl  carliohydrrtlcs ;  and  for  other 
reasons  it  cannot  he  n-parflfd  us  sntisfactorv  from  a  scii-ntilic  point  of  view. 
A  ]M;rft3ctly  satisfactory  dcliuition  of  carbolivdratei^  has  not  yit  bwii  jiiven; 
ihey  are  charactorize<l  only  as  aldek^dr  or  kriom  derivativeg  of  polyhydrir, 
alcahols. 

The  carbohydrates  are  divided  into  three  chief  gnnip;*,  nann-ly,  nionosac- 
chariiKv,  diMccharidcs  and  polysaccharides,  in  each  of  which  arc  found  sev- 
eral familiar  8ubi^tancett. 

A.  The  monosacrharides  btc  the  (iiroct,  iBomeTtc  or  gtcrco-isomcrtc  alde- 
hydes or  ketone;!  of  thf  corri'siionding  alcohnli^.  Tliey  occur  ready  formed  in 
nature,  and  have  aleo  lieen  prcpatcd  tiynthclieally. 

The  mnnosttcchH rides  moat  inlcrpstitiff  to  ur  in  this  connection  are  the 
hexoitet,  C.II,,0,:  dcxlro«*e,  inatimiv^,  K-HlactoM.',  «ud  levulow,  which  are  the  tirat 
oxidatinn  producU  of  the  stereo-isonieric  hexatomic  alcohols:  norbiti^,  tuaimite, 
nnd  dulcilo.  The  latttr  hiivi-  ilio  followinn  eonstitution:  UI[,.l>II.(01T.O]l),. 
f'll,.()ll.  DL'stri'w.  uianiioHi'.  and  K:alnrli>Hi!  are  tlu-  rt-cpeet ive  atdeh.vdw  i»f  theae 
idcuh'da.  C1I,.(>II.(<'K.O]I),.CHO:  levulose  Ib  tbe  kfitone  of  nuuiuite.  CH,. 

oH.(rH.OF[),.co.cu,on. 

The  fiillowinft  reactions  are  common  for  all  these  substances:  They  are 
directly  femieiitwblL'.  and  under  the  inUuviici"  <>f  the  ,vea>*t  plant  are  dc<-om- 
poswl  into  CO,  and  alcohol:  C.II„0.  =  2C4I..01I  +  200,.  They  are  easily 
oxidized  and  hejie<>  reduce  the  metallic  oxides  on  heatins  in  alkaline  fluids. 
This  pniperty  in  made  use  of  in  quantitative  dctcmiinations  of  ihu  nionosaecha- 
rides.  They  are  for  the  most  r»ort  crystalline  Rubstanoes  nf  n  «M-eetish  taeto; 
readily  (iolublf  in  wattr,  difficultly  t>nlubte  in  alcohol.  The  hext>se8  oeeurrinjj  in 
nature,  in  solutions  riitatt'  the  plane  ef  polarizi-)!  IiKhl  cither  to  the  risht  or  to 
the  left.     Thin  pniin-rty  aIno  ia  valuable  for  their  quantitative  dctemiinulion. 

1.  Dextrf)»f.  (fly^lon>^na:  prapc  RiKrar.  ghit-ottc)  oceurn  in  aweet  fruits  fe.  tr., 
Rrajio))  and  in  honey,  rnder  normal  circumstances  dextrose  i.t  found  in  small 
quantities  in  the  hhiod  and  lymph.  In  diabetes  its  quantity  in  Ihexe  fluids  is 
prcBtcr.  and  it  is  found  in  larpe  Quantities  in  the  urine.  DejrtTose  nitates  the 
plane  of  polariwil  litrhl  to  the  riftht. 

2.  Lfrulo»e  («vnonyni9:  fruit  suffar,  fructose)  occurs  toRcther  with  dcxtmae 
in  gweet  fruits  and  in  hooey.    It  rotatca  the  plane  of  polarized  li^ht  to  the  left 
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Of  thp  iitluT  montiwKi-tiuritltw  the  pento$ts,  C,lI,aO,.  hovt,'  been  demouBtraled 
in  uiunal  tlaids  (urinp)  and  umuiiK  the  cleavage  prcxlurts  of  animal  t«ubstaiices. 
Arabin<t*e,  (ouud  in  tht-  urine,  anil  xalosr  in  thi.-  paiierva»  uiv  ila-  imirit  imiiurtaiit 
pentoses.  They  do  not  fi'mii'iit  uikIlt  ihr  iiiflui-nct!  of  ihp  ypiwt  jilnnt;  hut 
with  a  certain  otht^r  fungus,  not  drfinitfly  dpiermincd,  Salkowsky  obtained  a 
large  quantity  of  alcohul  from  l-arabiuo»e. 

B-  Thf  diM'-charidrjt  nre  anhviiric  compounds  of  two  molociilc.'i  of  monn- 
hariiies— e.  g..  2(\H,jO,  ^  r,„H„0„  +  11,0.  On  boiling  wllh  dilute 
tniaenil  acide  thev  bit-alt  up  with  the  aliAorplion  nf  wnlcr  inlo  mrtno«ic- 
cbarides.  Thf  most  important  tiicmlRTs  of  this  gTOuj)  are  ;*«pr[iflroAr  (catic 
t^ugar),  lacto)K^  (milk  sugar)  and  maltose  (malt  i^agar),  all  having  the 
forniaU  C,jH„0,,. 

Tbe  disacvbaridm  are  cr>-HtBlline  bodies^  of  a  swee(i»h  taslc,  readily  «idub1a 
in  water.  Lacttwc  titi<l  mallfWH-  rrdufT  an  alkaliiiL-  cuiukt  itolulioii.  »at.*charose 
does  mil.  By  bntliii};  with  dilutr  minrrnl  acidic  and  hy  the-  agfti<-y  nf  r4>rtaiu 
etujnnbi  llic  di!iiif(>h»ridc«  tiikt:  up  one  uiuIll-uIc  of  water  and  RpUt  into  two 
moleenlfs  nf  m<>no»ftrr]iHridpH  thnx :  uncfhit ro-ie  into  ilcxtrose  and  levulose;  lactose 
intn  dfxtn»e  an<l  KabiftoM.';  multoKt;  into  two  mok'ciilLis  of  dt'xtnMi.-. 

SatH-biinve  is  dvxtro-rotatory;  on  its  (dpavaKe  into  dcJitmi»e  and  lemloso  it 
bK!<nne»,  on  ai-connt  of  the  stronct-r  rotaliiiu  (Miwer  of  Icvuloec^  laiTO'rotatarT. 
For  this  reason  tbe  clc-avufrr  uf  tuicvbaruN-  is  t^lt^d  inversion. 

C.  The  jioltjmrchariden.  "(CgllinO^),  like  tho  disarchn rides  are  regarded 
M  anbvdriilcs  of  the  mouo^acelm rides,  but  they  hove  their  origin  in  the  union 
of  many  tuolecules  of  the  lalttir  and  have  a  high  molecular  weight,  which 
raricM  widclj. 

The  i«oIy«n«*biiridt-«  harr  no  tiwwtiah  lanlw  and  for  tlie  most  pah  arf  amor- 
phuuA.  Some  are  soluble  in  water,  others  swell  up  in  water,  while  still  oth«r 
mnnibrrs  uf  ihi*  wrrie*  are  unt  visibt.v  chauci-d  hy  water.  li.v  various  means  all 
of  thum  can  be  tran^ifomutd  hy  ab9«>rption  <if  water  into  raonosaecharidw*. 

The  (Hilysacc  bar  idea  ure  divided  into  HnttQ  chief  groups:  atarchcji,  pints, 
and  ccIIuImc. 

1,  The  starchtK  are  not  directly  fvrmi'ntabU'  and  do  not  rvducv  alkaline  copper 
•olutions.    To  lb«>e  belong: 

{a)  Vfarlahle  atarchfs  (uniyluni).  Thesw  are  found  in  nanny  plant  cells  laid 
down  in  the  form  of  micrownpir.  round  or  ohlnnjf  grnnnlet)  whieh  bare  an  nrganto 
Atnioture  and  are  iii?>iluble  in  c(M  water.  On  healing  with  water  tlu-y  swi'll  up 
at  611*,  hurst  niid  partially  iIis<tolve,  funntni{  a  slimy  Holtitioii,  known  as  Mlarch 
pCfte,  which  can  U-  tilu-rcd.  Tho  Boluhle  part  is  culled  ihtrch  uranutote,  the  in- 
soluble part  ttanh  cellvlose.  On  boilinv  with  dilute  aeid>'  i^lareb  is  ebanffed  first 
into  dextrin  (mv  bolow)  and  latnr  into  dextrose.  By  dtitcHtton  with  saliva  nr 
panrreulic  juice,  or  through  llie  influence  of  malt -diastase  it  is  split  into  dextrin 
and  maltoAc  (cf.  Chapter  VII). 

(fr)  Olgco^tn  [b  an  animal  eitareb  which  has  a  very  wide  distribution  in  the 
animal  bo>ly.  Ii  i-i  found  in  ainiottt  all  the  tiMtm'K  of  the  Ixnly.  but  in  largest 
,  qoanlitirs  in  the  livi-r  and  in  the  muxolei*;  it  i»  a  con»titnent  of  embryonic  tiasuea 
r«pefially  and  all  others  in  which  on  aetive  eell  formation  is  inking  place.  Oly- 
roiren  is  an  amorpbou.",  laslele^a  and  odorUv)^  white  |>owder;  with  water  it  forms 
an  opaleseenr.  dextro-roinlory  sohiiion.  It  is  ehangeil  by  diastatic  enzymes  into 
BiallMc  or  dextmse  according  to  the  nature  of  the  enzyme. 
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2.  Oums  are  amorphous,  transparent,  tasteless  and  odorless  substances  which 
with  cold  water  form  viscous  fluids.  They  are  very  widely  distributed  in  the 
plant  kingdom. 

(a)  Amonpr  the  gums  the  dextrins  claim  our  chief  interest  here,  for  they  are 
formed  as  intermediate  products  in  the  transformation  of  starch  in  the  alimen- 
tary canal.  They  are  obtained  also  by  heating  starch  up  to  200° -210°  C.  In 
these  transformations  of  starch  a  series  of  dextrins  is  formed  which  have  smaller 
and  smaller  molecular  weights.  The  dextrins  are  white  or  yellowish  white,  amor- 
phous, gumlike  masses  whose  aqueous  solutions  are  dextro-rotatory.  They  are 
not  directly  fermentable. 

(b)  An  animal  gum  is  said  to  be  split  off  from  mucin  through  the  influence  of 
superheated  steam  and  of  alkalies.  This  is  not  true,  however,  for  all  mucins,  for 
several  kinds  yield  gumlikc  substances  which  represent  nitrogenous  bodies  de- 
rived from  the  carbohydrates, 

3.  Cellulose  forms  the  chief  constituent  of  the  cell  walls  of  all  plants  and 
exhibits  an  organic  structure.  To  obtain  pure  cellulose  plant  fibers  are  digested 
successively  with  different  reagents,  sucb  as  dilute  acids  and  alkalies,  potassium 
chlorate  and  nitric  acid,  alcohol  and  ether.  The  cellulose  remains  as  the  insolu- 
ble residue. 
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17.5-18.6 

0.3 

15.6 

1.0 

1.7 

1 

20.5-23.6 
22,8 

31.1-31.3 

32.5-36.6 
24.0 

27.4-31.7 
31.3 

19.6-22.0 

21.8-21.0 
24.3 

25.2-M.4 
20.0 
IT. 8 
11.5 
4.1 
53.3 
51 .5 
40.4 


0.8 
5.2-6.2 
7.7-0.0 

3.0 


0.3 
3.8 


Rkfkrexcks. — The  text-books  of  physiological  chemistry;  of  liiinefr,,  second 
Englifth  wlition  by  E.  H.  Starling,  Philadelphia,  1902;  (if  Ilrillihnrinn.  latest 
edition,  London  and  New  York.  1904;  of  Hammarsten,  fourth  English  edition 
by  John  A.  Mandc-l,  Now  York,  1904;  of  2^ e^imeisier,  sccon<l  edition,  J<'iiii.  1897. 
0.  Cohnhfim,  "  Chemic  der  Eiweisakorper."  Brnuiisehwoip.  1900.  F.  Ilofmpisler 
in  "Ergebni«se  der  Physiologic,"  I,  1.  Wiesbaden,  1902.  A.  Kosad,  "  Bcr.  d. 
deutschen  Ges.,"  34,  3,  1902. 


CHArTEK    IV 

U»rrADOL18U    AND    NrTBITtON 

Tub  physiology  of  mclabolism  and  nntrition  '  poeks  to  diwovcr  whnl  suh- 
Ktanoes  are  necwsarr  for  the  maiotcnauce  and  growih  of  llie  body,  to  detcr- 
miw  the  chararlcr  and  extent  of  tho  coiiilmstion  lukinn  plaop  in  it«  tinjuiM 
and  fliiifU  iindtT  difftTunt  I'ircunn^tnncoit.  and  to  undeivtand  l\u;  significunco 
of  tbe  difTrrcDl  suhptant**!  for  xhe^  processe*. 

Thi.'  i^nlwlancw  in  nuwtion  adniii  "f  division  into  three  jrrf»up».  namely: 
(I)  organic  fonilstuff.*,  substancps  whirh  Mipply  potential  rnerjiy  and  sorve 
thrrcfore  to  niainiain  the  eomhuptiou  in  the  body;  (V)  water  nmi  inoryanir 
foo^tuffs,  whivh  must  Ite  taken  to  make  gocnl  tho  constant  loss  from  the  body 
of  tbcw  ronstituonlii,  without  whirh  profound  anil  eventually  fatal  dJsturb- 
anoet  In  health  may  ensue;  (3)  vrtfyen  uecee«art  for  the  maintenance  of 
combiislion. 

FIRST  SECTION 

METABOLISM 

"1.    ON   THE   METHOD   OF   METABOLISM   EXPERIMENTS 
A.    THE  ntGESTA 

Orgnnir  as  well  m  inorganic  foodstufftt,  niixetl  together  in  rari'inp  pro- 
portions luid  mixi-d  with  other  suh;<lnnocs  not  needeil  in  the  Iio^ly,  otvur  in 
our  rfimmon  nrticlos  nf  food  and  in  onr  riieals  propnn-d  from  them.  Cbomicnl 
analyi^iv  of  liie  fooils^  has  ^liown  that  the  orniuiic  rootlwiulTs  are  chietly  of  three 
kind*,  namely:  (I)  protrids  and  allied  substances;  (3)  fat*;  (S)  airboby- 
ttraUf.  To  tbe  inorjranic  foodi^tuffs.  which  are  ile^ignated  aI»o  a«  tuh  con- 
ftUtiftiU,  U'lonp  numerous  salts  whieh  we  sbflll  dist'Uivt  more  in  detail  lat<T. 
By  ehemical  analyHis  of  the  fnod  we  leani  rt*  eomposition.  both  qualitalivfly 
kimI  tinautilalirelT.  and  determine  in  thi«  wav  precisely  the  intake  of  tlu) 
body. 

In  analysis  nf  the  fonda  and  the  fiK-eti,  (1>  the  nitrogen  is  determined  and 
fifan  iiroteid   18  calculnted  by  muttipl.viniT  thia  result  by  6.3A.     Since,  hower^r. 

Tl  mny  wrvt*  to  difTen^tute  the  Iwn  diviHiorw  nf  1hf>  Miltiri-t  i>nrncwhMl,  if  we  ileRne 
iholism  a*  mvi>riiiK  ftH  Ihone  rbpmirnl  (.miMlnni)MtinMii  of  the  ((hkIkUiITh  !>>'  wliit'h 
rwwyy  in  ■uppli^  to  Ibe  rell-i.  imd  mitritinn  oa  covering  hII  the  prtx-navN  l>y  whH-h  the 
matrrioU  wrhirti  lli«-  <vlh  nHjniip  iht-  «ipplii!«).  tlbvtmnly  [Iw  Iwii  nrt-  iiiM>|wml>lr  and 
ri>|int-«mt  mrirlv  HifTrrrnt  a0p«>rti  rf  i\\e  dinic  Kiil>ityt.  Wn  iifHiiitlc  of  tbp  wh«tAnMB  M 
undff^nm]  melat-o'uni  and  nf  \hv  ar^nixtn  lut  nwurwJimy  itiwlf.— Ed. 
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iiitroKeii-containiiiB  substances  other  than  prolcid  occur  in  both  animal  and 
vegelablc'  foodH,  thf  quuiilttv  n»  c-alculatfd  I>,v  liiis  method  is  too  hiffh.  F.sjit*- 
cially  with  a  Iiiw  ptTfciitaB*-'  of  proteid  a  considerable  error  migbt  thus  ariBe. 
Mor«iver.  the  kind  of  pmlpid  t-alen  in  lioL  a  iDitUtr  uf  iiidiffcTL'iiee,  eiuce  one 
may  wi»n  iniaeine  tliat  diifffrtiit  pr>jtc-id  bodies  bchnvc  diffcroritly  in  metabolism. 
ThiB  little  WB  kuuw  on  this  subject  will  be  »umniariaod  kler.  (2)  As  fat.  la 
rpckotit'd  llio  infnl  extract  with  etlicr.  a]thf>iifrh  thia  PitnlninH  also  nther  sub- 
ataiitTs  sniublr  in  ether.  (3)  Th^  dry  suhxtanre  and  (4)  the  ash  conatUuenls 
arc  detenniTicil  by  dediecjitimi  at  100°  C.  niid  li.y  iii'riiif'ratiiirL  respectiTely. 
(5)  The  earbohydrales  are  detgnnined  usually  by  aubtractiug  from  lh«  toliil 
dry  substauffl!  tliu  iirotoid  4-  Ibe  fol  +  the  ash. 

Kiiinlly,   under  the  inpeiitn  i»  to  he   reeki>ned   the  oxygen,  methods  for  tbo 
dctcrminntion  of  whieh  will  be  g-iven  under  R. 


B.    DETERMINATION   OF  THE  EXCRETA 

The  prndueta  of  mctebolism  are  eliminated  by  the  lungs,  akin,  intestine 
kidneys. 

The  exereta  rt'Httlling  from  the  combustion  of  or^nic  foods,  to  whieh  wo 
shall  coufine  oursolve'.^  for  tin.'  jiresout,  contain  the  following  elements :  N.  S, 
P,  C  H,  and  O.  Xitrogen,  sulphur  and  phosphorus  are  derived  from  prn- 
teiiU;  earbim.  hydm^en  and  oxypen  are  cnntainetl  in  all  the  orjfanic  foods. 
In  estimating  the  excreta  wp  have  tlicrefore  to  dettrminp  qnantitativcly  the 
atnount  of  X.  S.  P.  (\  and  II  diniiimtrsl  \vithin  a  i-ertaiii  lime. 

The  determinalions  c'ari  !«  siinplilied  eim»idt;ni)ily,  liowcHcr.  Ordinarily, 
in  order  to  find  out  liow  mueh  proteid  ha.<  been  metabolized  in  the  body,  it 
IB  Biiflieient  to  deltrniiiic  the  amount  of  nitrogen  eliminated.  One  need  not 
consider  the  sul].}uir  and  plio[f[)bonis  unless  the  investigation  is  especially 
concerned  with  the  Iwhavinr  of  the  plinsphoruft-confaining  proteids.  The  anal- 
ysis for  A  miiipletn  metalioliiiiii  experiuipnt  ihernrorc  can  bo  n^trietod  to 
N,  C,  and  H.    Commonly  the  e\cretion  of  hydrogen  also  is  nogleoted. 

The  amount  of  proteid  dtwlroyed  in  the  body  is  obtained  by  miiltiptying 
the  amount  of  nitrogea  eliminated  as  a  product  of  metabolism  by  G.25. 

Analynia  for  the  elements  found  in  the  excreta  ta  by  nn  meana  always  sufii- 
cicnt;  in  niony  ca-'wa  it  is  neeessarj*  either  for  tbe  iiurpose  of  (caininft  a  deeper 
insight  into  the  m*>de  of  the  nietahnlic  prcK^ssiw,  or  in  onivt  to  eiitimato  the 
pei-ceiiliiKo  of  e'xnbusciiiie  iiiHterialc  in  the  fa-efx,  to  (leti-niiiiie  the  wparate 
coiiipiiund^  (luanlitutivuly.  lu  the  latter  eaiic  the  unalj-si^  in  curried  out  in 
precisely  tbe  same  way  as  in  making  eimilar  determinatiooa  for  the  food  to 
be  ingested. 

If  the  inetabolijim  experiment  is  to  I)e  of  any  uw  whatever,  il  U  aeoesaary 

to  collect  rv'Tit  {rnie.  vf  Ihf  rirrrta  for  esarlly  tbe  period  covered  by  the 
ei[>erinient.  The  urine  and  ilii-  fa-ces  offer  no  particuliir  dilhculties  in  this 
respect,  although  iK>mu  remarkit  with  regard  to  Llie  latter  i^ecm  called  for. 

It  ia  apT'ttrenl  at  onee  thai  analysis  of  (he  ftccca  can  only  be  of  importance 
for  tbe  study  of  metabuli»m,  if  tbcy  can  be  identified  as  belonging  to  a  definite 
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dirt.  But  in  all  animals,  us  in  man.  tho  intestine  is  alwB.vs  more  or  less  dUeil 
anil  one  cantiot  tfll  without  (tpec'tnl  moann  whether  a  girun  maaa  nf  firct'H  ronM>s 
from  the  diet  vhi<<h  is  being  »1u()itcl.  To  tin  so  it  in  necoAsary  to  M.'puriitL-  the 
t*tci--»  curre9p4>ndtiif(  to  (Ik*  dk-l  in  ciui-stioii  fmin  prwwliup:  and  siiliM-fjticiit 
i»cea.  Tile  KubKx-t  i^  allowed  to  fat^t  for  twnie  twenty  hours,  then  the  partieular 
diet  ia  b«irun.  and  with  the  first  meal  ftomc  niibtiaTice  is  givon  which,  like  finoly 
powd^rrd  charcoal,  will  irnpiirt  n  i-linrai'tt-ristlir  iH>lor  to  thi>  tsect-a.  After  the 
lait  mefll  the  subject  is  pennilU-d  to  fiixt  again  fur  twenty  hours,  unit  with  the 
first  food  eaten  after  this  peritid  chnrecal  is  once  more  iciven.  With  berbiv(jrouB 
■nimata  it  in  impog«ib)«  to  gol  a  (iatitifactury  Hepurution ;  but  tliiH  difficulty  may 


* 


3B. — Tmee  maak  for  rM^Mnktinn  cxp^rlmrnl*.  >flrr  I^vto.  I.an|[i(iidinftl  •rcttMi.  A.  ttiA 
HMMitlipixcr.  II  nnil  (.'  mnr  lliiii  niriubraiKw  wliicli  *«t  U  vitlv«a  ainl  w-rvp  (v  •*parat«  ill- 
i|ilnid  from  expired  air.     iDapirallon  L>kra  jklacxt  lliruUK''  '*>  rvpirtttion  (liruugli  C 


bf  iittTcomp  by  [riving  the  particular  diet  under  inTeatiRation  for  several  dayi 
before  beginninfr  the  esiM-riment. 

In  order  to  colhvt  the  solitl  conRtiliientfi  eontainni  in  the  swrat,  the  sjih- 
jrpl  i»  required  to  wear  tborrtughly  washed  woolen  clothes  which  will  absort)  and 
retain  all  suob  «oIid«. 

Rather  conipUcAtcd  methods  must  lie  emploved  to  collect  and  nnal>-ze  the 
ns  product*  of  metahnlinni  (carlK*!!  dioxiile  and  water  vapor),  and  to 
miuu  the  amuunt  of  oxygen  ob-wrbtxl.     Mothod<t  for  nil  Ihcrw  pTiqmscs 

were  ttoed  by  Ijtvoisier  (1780).  hut  they  have  been  deyelopcd  and  improved 

in  many  way»  since  hix  day. 

The  •irapleat,  if  not  the  nwrtil  «ali«f«etory  mclhcHl.  is  to  collect  tlie  renpira- 
lory  pnHhirlit  by  ihi-  UBC  of  n  fare  masir.  The  ma^k  is  connected  by  means  of 
labrs  with  apparatus  for  the  nieiiNurenicnt  nm\  collt-etion  of  the  iuxpired  and 
expirrd  air.  the  two  current*  of  air  lKiii(f  separate*!  by  means  of  automatic  valrca 
(Fie*  30).  Instead  of  the  face  mask  a  gutta-peR'ha  plate,  ho  arranfred  as  to  fit 
fceivten  the  lipiS  and  teeth  and  provido*l  with  a  1uI>g  through  which  the  uir 
'p«e«i,  may  al«o  be  uaed.  A  much  more  n«arty  air-tight  cloourc  of  the  mouth 
ia  poaiible  wiUi  thi»  Hppnratus. 

By  this  niciho.1  which  has  recently  boon  improyed.  oapccially  by  Zunti.  the 
rulaneoua  mpiralion  is  of  rounw  nol  di'tcnniiicd.  but  it  i»  of  no  particular 
irniH>rtnnoe  (cf.  Chapter  XIII).  A  more  serious  objection  is,  that  with  thi* 
method  it  is  very  difiiculi.  if  not  iuii)o«»^ibh-.  m  eT.>rilinue  the  experiment  for 
than  a  quarter  of  an  hour  In  an  hour.     Where  it  ia  ncccasaiy  tu  determine 
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the  CO,  and  water  excreted  and  the  oxygen  absorbed  for  a  whole  day  or  longer, 
other  methods  must  be  used. 

For  these  purposes  several  differoftlfifaniu'of  vespiration  apparatus  have  been 
constructed,  among  which  we  shall  very  briefly  describe  the  following: 

1.  [I'he  Apparatus  of  Aiwater  and  Benedict. — In  its  general  features  this 
apparatus,  constructed  for  experiments  on  human  subjects,  embodies  the  princi- 
ples of  one  originally  constructed  by  Begnault  and  Rieset  (1S49)  for  experiments 
on  smaller  animals.  The  subject  is  placed  in  a  respiration  chamber  of  suitable 
size  (5.03  cubic  meters  capacity)  and  is  supplied  with  pure  air,  as  indicated  in 
the  diagram  below  (Fig.  40).  The  air  containing  the  respiratory  products  is 
drawn  out  of  the  chamber  by  the  pump  and  is  made  to  pass  in  turn  over  H,SO, 
and  soda  lime.     The  fain  in  weight  of  the  former  gives  the  amount  of  water 


RESPIRATION    CHAMBER 
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2'^^  J  produced 


H,0 


■J 

o  deficient 


absorbed  b^      absorbed  by 


Fio,  40. — Schema  of  the  Atwater-Benedict  respiration  calorimeter. 


eliminated  by  the  respiraticm  and  evaporation;  the  gain  in  weight  of  the  latter, 
the  amount  of  carbon  dioxide  eliminated.  Pure  oxygen  is  iipxt  admitted  to  make 
up  what  has  been  token  out  by  the  subject.  To  determine  exactly  how  much 
oxygen  has  been  thus  absorbed  it  is  necessarj'  to  know  how  much  was  contained 
in  the  air  at  the  beginning  and  how  much  at  the  end  of  the  experiment.  Sub- 
tracting the  amount  present  at  the  end  from  the  total  amount  supplied — i.  e,.  the 
amount  present  at  the  beginning  plus  the  amount  admitted — gives  directly  the 
amount  absorbed. 

The  respiration  chamber  in  this  apparatus  is  provided  also  with  means  of 
measuring  the  heat  lost  from  the  subject's  body  by  radiation  and  oonduotion,  so 
that  the  entire  apparatus  is  described  as  a  respiration  calorimeter. — Ed.] 

2.  The  Apparatus  of  Pf.tienlcoffer. — This  consists  of  a  respiration  chamber 
with  a  capacity  of  12.7  cubic  meters  into  which  and  from  which  air  is  pumped 
in  a  continuous  stream.  The  air  is  analyzed  both  as  it  goes  in  and  as  it  cornea 
out  of  the  chamber,  a  uniform  fractional  part  of  the  total  volume  flowing  out 
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being  led  oE  to  euitable  apiiaratu8  fur  the  aUorptiou  of  carbon  dioxide  and 
water. 

(A  smaller  apparalua  embody iiiB  the  same  principles  hm  boeu  coiiBtnurtt^d 
by  Voit  for  experiments  on  smjillcr  Riiimul^t  (Fig.  41).  The  cage  (A)  in  ren- 
tilalpfl  by  a  ourrent  of  air  kept  moving  by  rotation  of  rbt  gas  nH'ter  (D). 
Thruutfliuut  the-  experiment  a  sample  of  thii>  nir  i^  continually  led  off  by  a  side 
tube  (E)  and  is  pnsfod  ovt-r  pumice  stone  sonki-d  in  Bulphurio  acid  and  then 
through  Bfl(OII),.  Thi*  (luantity  of  H,0  in  this  air  is  obtaincl  (liiwlly  by  the 
differ<-in-e  in  ihc  wciplit  of  the  HjSO,  flarik^,'  the  amount  of  CO,  by  titration 
of  the  Ba(Olt).-.  The  iflnie  Ras  mt-ler  [D)  measurett  the  total  volume  of  air 
pa^eiuu  tbrouxb  its  works,  ami  tlie  tmall  urai^  muter  (U)  int-aidureii  the  volume 
of  the  s&miile.     A  duplicate  aualyeis  is  made  by  means  of  a  necnnd  aet  of 
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Fio.  43. — ^Tkic  reapimljon  «|>pantTu«  or  SoniKn  and  Tigemcdt.  A,  coutuncr  for  sample  of  the 
ruoij)  air :  13,  npfMnttus  Tor  detcrminktJMt  af  COi :  C.  aloclrie  motor;  D,  rti«ostal ;  E.  hydraAilio 
pump. 


TesaeU,  and  thia  aample  ia  mea»turcd  hy  a  aimilar  ga!>  mpter.  Huplioato  analyses 
of  the  air  which  enters  the  cage  arc  made  in  the  same  manner  and  the  naiptratory 
prodnctt)  calculated  by  difforeiiee. 

If  thod«t«nnin8tiou  of  water  vhikt  i>«  »Hti(tfactoT>',  the  amount  of  oxygen  ab- 
sorbed by  the  animal  can  be  obtained  by  Bubtracting  the  combined  wei(thl  ni  the 
animal  at  the  betrinninK  of  the  experiment  and  the  total  JnifL^ta  for  the  period 

■  Vmt  and  PctU-nkoffer  made  very  thorough  tittUi  of  thia  method,  and  found  that  the 
water  is  obtained  to  within  1  or  2  per  ceni,  the  slight  error  lading  due  tn  mndensniion  on 
Iho  walls  of  the  tuttpx.  Ituhnrr.  emplo>*ing  the  same  principles  of  ventilalion  for  hi*  calo- 
riowtor,  obtained  AtitI  more  exact  resultc.  by  shortening  the  Hi.'lancc  whirli  the  nir  must 
ktrav«l  on  ita  way  from  the  rage  to  the  H.SO*  fliutkj^.  he  was  ahtc  to  prevcni  entirely  the 
oondcoaation  of  water  on  the  walla  of  thp  tube*.  For  short  ejtprriinenta  he  relied  upon  hair 
hydrcmetora  placed  inside  the  cage— Ed. 
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>iued  wciefal  of  the  auimal  at  the  end  and  tbv  total  excreta  for  the 

S.  THb  Apt>ar/riu8  of  Sonden  and  TlgfrMedt  (Ft|f.  42). — The  niibj^wt  is 
hou*iMl  in  an  ordinary  room  with  n  c«paoity  of  ltKi.6  cu.m.  The  walU,  cpilinff, 
atid  doore  are  corcred  with  shout  zinc  and  arc  made  air^titcht  by  eolderiim  all  the 
jointA.  Ry  iiu>od»  of  a  hydraulic  piitn|)  (K)  air  ik  firuwii  frntn  this  n^iiiimlion 
chambtT  to  a  gas  tnt-tcr.  when-  it  le  mcunured.  I'rcsh  air  frum  outdoora  replaces 
the  fiiul  air  dniw-n  iiiii.  A  uniform  diffusion  of  the  air  in  the  room  is  insured 
by  a  veutilattDK  fan. 

To  obtain  air  for  analytiifi,  a  narrow  tube  branches  off  from  the  main  inlet 
pipe  (tvd),  and  by  meami  nf  another  hydraulic  [>iitiip  h  constant  «ln>ani  in  main* 
taint^  throuKb  it,  so  that  the  air  in  the  hrttiich  nlwayx  haa  the  !mnii>  amnipo^i- 
lion  as  that  in  the  main  inlet.  At  statiHJ  inlcrvaU  emnplt-s  f>.>r  atiulytti^i  ure  then 
taken  (in  the  wsbpI  A)  from  ihiH  branch  and  ihc  carUMi  dioxide  ih  tttlimated 
by  the  mrth«<l  of  Pottc-rsson  (B)  for  the  analysii^  of  francs.  The  quautity  of 
carbon  dioxide  is  calculated  by   the  ventilation  formula  of  l>>nz. 

'       Bat  the  body  auffera  other  loswfls  in  organic  nuhstanop  than  those  ret^ultitif; 
Imm  combiisliou.     Here  belong  the  losses  hv  slouching  off  of  the  e|iidiTini», 
cuttinj!  llic  hair  and  nail*,  ejwlion  nf  sjwrm  and  menstrual  l>l'Vid,  wcrclion 
I  of  milk,  cik\    Sueh  Iosms,  however,  are  cither  eo  Blight  that  they  do  not  afTort 
rc^ultt  of  the  invejuligation,  or  they  come  in  only  oci-ai-innally  and  can 
II7  he  nt:glcct«d,  unless  the  inveetigation  is  being  directed  eapecially 
,to  them. 

C.    APPORTIORMEnX  OF  THE   I5DIVIDUAI,  ELEMENTS  TO  THE 
DIFFERENT  EXCRETA 

(1)  Krpirffl  Air. — Tt  ha*  been  knowji  since  the  hepnninfi  of  acientific 
inresti^'alioti  of  nieiaboti»m  and  ran  he  demonstrated  without  the  leatd  diffi- 
culty thai  carlxin  ainl  hydrD>n.'n  leave  the  body  za  CO,  and  11,0  in  the  expired 
mir.  Not  so  with  the  nitrocen  and  niirofrenfins  compounds.  A  priori  one 
ouuiot  deny  that  such  $ub&tanc(»  ati'n  might  be  given  off  from  tlie  bmly  afl 
produrta  of  metaboliam  in  th^  expired  air.  Rut  from  the  manv  researches 
which  have  been  cairied  out  with  reference  to  llm  question,  it  appears  certain 
that  ihu!  is  not  the  cb5C.  So  far  ns  metabolism  is  concerned  we  need,  there* 
fore,  to  conaidcr  among  the  respiratory  products  only  carbon  dioxide  and 
water  vapor. 

(?)  Swtat. — Water  is  the  principal  substance  given  off  through  the  skin. 
However,  the  sweat  contains  also  some  solid  itubstances,  the  most  important 
of  which  is  urea.  With  copious  sweating,  as  under  severe  labor  or  in  0  vapor 
hath,  the  quantity  of  these  constituentii  may  rij^e  so  much  that  to  neglect  them 
wouhl  involve  considerable  error.  Thnt*.  under  Mich  cirnims^tances,  0.76  g.  V 
have  been  found  in  the  sweat ;  at  the  i^ime  time  the  nitrogen  excretion  in  the 
nrine  was  1.1.9  g.  for  twenty-four  hours,  fn  this  caw,  therefore,  the  sweat 
tnntainod  4.fi  percent  of  the  N"  eliminated  through  the  kidney.4  (.\rgiitin«ky). 

(.1)  Prine. —  Of  the  chemical  clement*  derived  from  the  organic  food- 
ftuffd  and  found  in  the  urine,  nitrogen  and  carbon  are  to  |»e  specially  con- 
fiderpd.  Both  of  thtsc  occur  mainly  in  the  form  of  urea  and  uric  arid.  The 
quantity  of  nitrt^en  eliminated  in  the  urine  of  an  aduU  man  amount* 
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to  about  15-1(!  g.,  Imt  exliibits  widt>  varialiotis,  depvuding  primarily  upon  the 
quantity  of  tiilrogfu  ingested  in  the  food. 

The  quantity  of  curbou  iu  tbu  urinu  at  coiupun-d  witli  that  in  tfav  expired 
air  is  very  ^nmlt.  Only  wheti  very  ereat  exactness  is  desired  doe-t  it  need  to  be 
dFtermiiii-d  dirprtly,  ff>r  it  ran  generally  be  ealculiited  without  any  considerablo 
error  from  the  iiitn:>Kfii  of  the  urine.  The  ratio  N:0  in  the  urine  (.'xhihits  hut 
very  Hliilht  variations;  according  tu  Alwaler,  It  bus  for  a  mixed  diet  a  mean 
vnliieof  nbc.ut  1:0.72  (0,(54-0.79). 

(4)  Ferces. — The  ficces  are  compos«d  partly  of  unabsfvrbed  residues  of  tlie 
food,  partly  of  rcdiduos  of  the  digestive  fluids,  and  partly  of  worn-out  epithelial 
cells  ftiid  excretory  products  from  the  alimentary  tract.     In  a  fasting  man 
thc8o  residues  ninkc  up  a  fffcal  mass,  which  contains  from  0.11  to  0.3'i  g.  of  ^_ 
nitrogen  per  twenty-four  hours.     When  a  nDiinilnigenous  diut,  or  one  very  ^| 
poor  in  nilrng«n.  is  given,  from  0.5  to  0.4  g.  of  N  nppear  in  the  fa?ee«  per  day 
(Rubnor,  Hiwler).    This  qunntity  of  N  must  pvidrntty  have  its  origin  in  the 
intestine  itself.    We  can  say,  thereforn,  that  the  intt^stine  hart  a  very  largo  sharo  fl 
in  the  foriuation  of  the  fa-ces,  and  that  in  round  uumbers  one  gram  of  the  X  ^ 
eliminatixl  as  a  product  of  metabolism  is  to  bo  found  in  the  intestinal  evacu- 
ations.    The  nitrogen  contained  in  the  bacteria  of  the  fa!cei<  is  at!>o  included 
in  this  figure. 

Since  experiments  from  Pawlow's  laboratory  (Chapter  VII)  show  that  the  se-  ^| 

eretiou  of  the  difrcstivc  jui(«v  iind  ihcir  N-eimtonl  jireaent  fionsiderublf  rariutiona 
with  different  diets,  one  might  be  templpd  tn  Inok  upon  the  tntnl  qunnlity  of 
nitroRen  in  the  f»ce»  a«  a  pure  product  of  nietdlioUsm.  But  this  is  not  trup.  fir 
many  observations  have  shown  that  with  certain  articles  of  diet  a  coQHiderablo 
part  of  thU  fipcal  nitrogen  actually  represpnlji  a  residuu  of  the  food. 

Iu  any  (ilven  ease  ihereforc  it  is  ciuitc  impossible  to  decide  bow  much  of 
the  fa-cal  nitrogen  oomc?  from  the  one  source  and  how  mueh  from  the  other. 
For  ihiH  n.-aiMni  it  hiiji  bernrne  cutitoniiiry  to  re^^rcl  the  total  nitropen  in  the 
fsccpB  as  a  rcfidiic  of  the  fond.  AUbnugh  il  miiHt  be  admitted  (but  sueh  an 
assumption  is  quite  incorrect  from  a  purely  theoretical  point  of  view,  it  makes 
no  ditFerouee  in  the  ealculation  of  rcsHlta  of  melabuHsm  uxpcrimenls.  For  if 
we  suppow  that  tJip  fieoes  are  exclusively  r  produnt  of  metaboliBm.  thi^  implica- 
tion is  that  all  the  food  was  absorbed  without  loss;  and  vice  versa,  if  wc  regard 
the  fwees  a*  only  a  residue  of  th«  food,  then  the  quantity  utilizr^d  must  hc 
diminished  by  the  mass  of  the  fiecea.  In  b«>th  casee  we  reuch  exactly  the  aame^ 
result  with  regard  to  the  amount  of  metabolism  aetually  taking  place.  In  thia' 
presentation  of  the  subject  of  motaboliam.  therefore,  we  shall  reckon  the  ftecea 
as  a  residue  of  the  food. 

Itespeetiug  the  nonnitrugenous  /nibainncfs  given  off  in  the  fieccs,  we  mayj 
merely  mention  here  the  faft  that  fat  occurs  in  appreciable  fjuantity  both  oil 
a  fat-free  diet  and  in  fasting.    In  the  latter  (■a.^^e  O.fi-I.-I  g   per  day  have  been 
found  in  the  fjpces,  and  on  a  fat-free  diet.  .1-7  g.  [>er  day.    If.  therefore,  on  a< 
fat  diet  tlie  fn-ces  dn  not  contain  more  than  7  g.  of  fat  per  day,  we  can  sayj 
that  the  fat  in  the  food  haa  lieen  almost  entirely  absorbed  in  the  intestine. 

Til  the  forces  the  ratio  of  N : C  for  a  mixed  diet  is  about  1:0,2  (8.8-13.8). 
Innsmueh  as  the  quantity  of  nitrogen  in  the  fieoes  ordinarily  does  not  amount 
to  mure  tb»n  2  g.  per  day,  in  most  cases  it  is  sufficient  to  calculate  the  carbon 
from  the  oitrogeo. 
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W**  have  flireaily  i»e*ii  that  undpr  normal  ciMumilftnecd  no  nilroRpn  ia 
vliininntM]  in  ttu*  «-xpirt:il  nir  as  a  iirmliu'l  of  iiu>tiilioIiHin,  and  Uuit  in  the 
^weot  Miiy  ill  (.-xi-cptioual  coses  is  tlie  (juanlity  of  any  iiu[>ortauif.  lluncic 
ilu:  i-hanDelt«  liy  which  nitrogen  is  cxcretL-d  are  the*  kidn4>ys  and  tlic  intestine 
u  will  appear  plaiilly  from  a  cuse  of  nitrogenous  eijuUihrium. 

If  an  animal  be  p:ivcn  a  dipt,  which  from  day  to  day  contains  exactly  the 
vanie  quautity  of  nitrxifci'n  and  diK-*  not  vary  willi  n:-({urd  to  the  nnnnitix>K«iioU9 
foodntuffa,  after  a  few  d»yH  ono  finds  in  the  uriiip  and  fivcc^  exactly  as  luucli 
nitn-iri'U  {and  sulphur)  as  \md  Ut-n  iiii;C'*li-d  in  thi-  food.  This  conditifin  in 
ralitHl  aifrafffHoux  equUibrium.  As  an  cuiiii|>tc  tliu  following  experiment  fi^ra 
Gniber  may  be  ^ven : 


tlAta  a*  RsrswiMwr. 

N  lNUk»  R. 

K-oulpHt  f. 

Per  CMI  dir. 

S4nUk*  (. 

H^itpul  «. 

90.00 
131.60 

XiM 
144. 50 

194.81 

313. -ni 

Mt.ai 

18S.75 

M.lfl 
14».1» 

IM.W 

-0.91 

+  0.88 

+  1.00 

-  «.W( 

-0.51 

—  H.2I 

12." 

ia.70 

D.    EXAMPLE   OF   A   METABOLISM   EXPERIMEHT 


V       The  foll«win>t  lahle  after  Atwulirr  toniuins  u  sunmmry  of  thi^  innasta  nnd 
H  v-tctvla  in  an  e.^iK-rimenl  wilh  mixed  ftxtij.     Thi.*  u.\|>erinient  l)tHte<l  four  dayi*, 
H  ifar  sabjix-l  lieing  a  man  thirty-two  yeant  of  age  and  n{  atioiit  «>-]  kg.  body 
Weight,  who  ivmained  om  quiet  as  po^ihlc  throughout  the  experiment. 

Tng«*ta,  tnmri  tcfigkt  in  g.  ptr  day 


L 


Aanoaa  ev  Dm. 


Tola) 


SUinni<-<l  milk I 

Maiw.  I'nmk(»4  tuudl 

filler I 

t*tftwT  cake I 

Wi,r 

BnMl 


TaUl 


160 
"0 

46(1 
HI 
ft4 

an 

1,«IQ 

aiu 


W«i«r. 


Proiek] 


I05.6 

7.4 
4D6.9 

i.t 
i'.i 

1.S00.0 
13U.S 


44.5 

O.R 

n.i 

S4!5 


i.iii.i.  M.4 


rtit. 


«.7 

AO.lt 
0.5 
4.3 

s!ft 


82.5 


('Mto- 
tV^TMIe. 


S2.S 
38.5 
«H.O 
KI.II 


289.8 


N. 


38.1 
48.8 
19  0 

W.4 

s«.o 

18.3 

94!? 


Stftf.O 


n.  k 

Micude 

■ub- 


18.7 
8S.2 


Excreta,  mran  ttfight  in  g.  per  day 


Vtvm 

t'riM      

f  iMptratioa  and  Bkfn . 

M.7 
1.4411.5 

40.8 

1.4(Hl.l 
IMS. 8 

5.4 

3.7 

3.S 

O.fi 
16.S 

7.4 

12. S 
807.3 

1.0 
8.8 

3.40e.S 
-WM.O 

... 

•  t  • 

... 

J7.I 

38B.I 

4.S 

... 

... 

... 

-3.0 

+  12.1 

+  11.7 

u 
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If  we  consider  the  ftecea  as  pure  loss  (cf.  page  90),  the  body  has  dis- 
posed of  (9-4.4  g.  ingested  —  5.4  g.  excreted  =)  89.0  g.  proteid  containing 
{U:Z  -  2.0  =)  14.2  g.  N,  besides  (82.5  -  3.7  =)  78.8  g.  fat,  and  (289.8  - 
3.3=)  286.6  g.  carbohydrates.  In  the  urine  16.2  g.  N  were  given  off;  but 
2.0  g.  of  the  N  have  come  from  the  body  itself — i.  e.,  (6.25  X  3  =)  12.5  g. 
of  the  body's  proteid  has  been  lost.  The  total  proteid  metabolism,  therefore, 
has  been  (89  g.  +  13.5  =)  101.5  g.  (or  16.2  X  6.35). 

The  ratio  of  N  to  C  contained  in  proteid  is  1 : 3.28.  In  the  proteid  de- 
stroyed by  this  man  therefore  there  were  3.38  X  16.3  =  63.1  g.  C.  The  total 
quantity  of  C  eliminated  in  the  respiration  and  in  the  urine  was  219.5  g. ; 
there  remain  166.4  g.  which  must  have  been  derived  from  nonnitrogenous  food. 

Of  carbohydrates  386.6  g.  (389.8  ingested  —  3.2  excreted)  were  absorbed 
from  the  intestine,  and  this  by  calculation  was  found  to  have  contained  124.7 
g.  C.  Now  we  shall  see  later  that  carbohydrates  bum  in  the  body  more  easily 
than  fat.  We  therefore  deduct  first  the  C  belonging  to  carbohydrate.  This 
leaves  41.7  g.  C  (166.4  —  134.7)  which  must  have  come  from  fat — i.  e.,  since 
the  fat  used  contained  about  seventy-six  per  cent  C,  64.6  g.  fat  were  burned 
in  the  body. 

We  conclude  that  the  body  has  decomposed  a  mean  quantity  of  101.5  g. 
proteid.  54.6  g.  fat  and  286.6  g.  carbohydrate  per  day.  Comparison  with  the 
ingesta,  having  regard  to  the  C  resulting  from  proteid  destroyed,  shows  that 
the  body  has  lost  12.5  g.  of  its  proteid  but  has  stored  up  34.3  g.  fat,  containing 
12.2  + 6.5  g.  C. 

§2.    POTEimAL  ENERGY   OF  THE   FOODSTUFFS 

The  energy  stored  in  a  combustible  substance  is  measured  by  the  quantily 
of  heat  generated  in  its  combustion,  and  is  constant  for  every  individual 
substance.  The  heat  values  of  the  substances  most  important  for  our  present 
purpose,  as  determined  by  the  calorimeter,  are  given  in  the  following  table. 
AH  data  are  for  1  g.  of  the  substance  and  the  heat  values  here,  as  elsewhere 
in  this  discussion,  are  expressed  in  large  Calorics  (Cal.). 


Smm-ANCK. 

One  K.  of  (Jiy  sub- 

One  g.  of  ash-free 
•ubiU  Alice  yleldH — 

Autlior. 

Protf  id ' 

fl.754  Cal. 
5.345    " 

5.778  Cal. 
r).(«6    " 
9.484-9.402  Cal. 
9.2:n  Cal. 
3.743    ■■ 
S.737    " 
S.n.'iS    ■' 
4.183    " 
7.080    " 

Riibner 

Stohiit&Dn 

it 

\t 

" 

" 

" 

Ilert  helot 

When  fat  or  carbohydrates  are  burned  in  the  Iindy,  they  are  completely 
o.vidizod  into  carlmn  dioxide  and  water.     If.  thorcfore.  the  principle  of  con- 


*  Heat  extracted  willi  water,  alcoliol,  and  etber. 
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ration  of  energy  iii  inio  for  ilw  liody,  (In*  heat  value  nf  tlifsp  tmhatances 
:dvtt>nniiMnl  hy  the  cnlnrimctiT  niUKt  Iw  ilii'ir  lu-at  value  in  (he  IhkIv. 
Quite  otherwise  is  it  with  |>roleiil.  The  end  iimductt;  of  its  mptuboliBtn 
•re  not  all  compjptflv  oxidized,  and  henre  eontnin  not  &  little  potcntidl  i-nfrrgr. 
To  obtain  the  Iifal  value  of  pnilcid  for  the  body  wo  must  tln'n-fnri'  dciluet 
from  it.'i  calurtnii'trtc  heat  value  the  heat  value  of  the  wu^te  pDiluetH  ■'e-^iilliiif; 
fmm  iw  molaholi.im.    This  Ftubner  has.  done  in  the  followinji  way. 

He  fwl  a  >;iiiall  dog  with  a  protwid  material  whose  calorific  energy  had 
been  previously  dt'tcnuined  by  coiiibustinu.  ami  tWn  detenuineii  the  calorific 
rnerpT  of  the  tHirR-spnudiup  urine  and  fa'ocs.  The  former  for  1  gram  of 
prftttrid  dec^miposed  was?  1,0915  C'al.;  the  latter,  hImj  for  1  p.  of  proleid.  was 
0.1H54  Cal.  Kiiiftlly,  he  deductM  0.(15  Cal.  for  the  hydrolytic  Absorption  on 
ihe  part  of  the  proleid  wink*  in  tlie  laidy  an<l  for  the  solution  of  urea.     For 

II  g.  of  dry  proteiil  we  wi>ul<l  have  therefore  a  phrsiologleal  heat  value  of 
5.TM-(].69I5H-0.1851  +  CI.Ud)=  AAU  CbI. 
Ill  an  aiiabwoiM  vemy  the  net  pto-xiuluKiCJ'l  benl  vhIiu-  nf  niuAcb?  deprived  of 
iti  fat  onb'  wan  found  to  be  4,001  Cal.,  and  tbnt  of  thi-  itrutrid  of  the  body 
dfltlroj^I  in  fantina:  3.81i  Cal.  For  every  Kram  of  N  found  in  the  excreta  after 
fccvlinir  iht"  former  we  rthfiuld  eatitnale,  therefore.  25.i>8  (S.2ri  x  4.001)  Cal,  and 

»tn  fantiiiir  a4.(H  (fi.2:.  X  3.S4)  Cal. 
Human  urine  yiebU  un  the  avernfte  8.0  Cal.  for  every  f^ram  of  nJtro(f«i  eon- 
lained.     Human  fa-ee<*,  i»er  1  g.  uf  N.  yield  nil  (lie  vny  fittm  Rt!  to  ITitl  Cab,  but 
prr  gram  of  orcunie  subalajjee  the  fairly  constant  value  of  5.3-7.7  (luean  0.5) 

■  C^t  (Kubnvr,  AtwaUT,  Lucwy). 

I         In  moat  metabolitiin  ex)>orimenlB  one  has  to  deal  not  with  pure  lean  meat, 

^^■ttre  i>tareh,  or  a  definite  kind  of  ftit.  but  with  a  mixture  of  various  fat«, 

^Hbhohydrates.  etc.     One  tnui^t  l>u  eoulent  with  tlu-  determinaliori  by  direft 

anaiysis  of  the  qoautitr  of  total  proteid.  total  fat  and  total  L-arMiydrale; 

■  for  alwolulely  exart  analysi-i  of  .>5epftrato  kinds  of  proteirl,  vtc.  would  make  alt 
I    melaboltfin  BX))erimentH  inipraelieable.     From  t^m-h  detcrmiualion!^  as  tli<Kt>G 

ftbore  meniionwi.  Hubner  «'Hk-idale<!  Ihe  mean  d^^^amic  value  of  the  chief 

^groa■pa  of  ihe  organic  foodstuffs  to  be  as  follows: 
If.  proLrid 4.1  Cab 
Ig-Ut. 9.9   •■ 
m          1  g.  cmrbohyOrata 4.1    - 
Fmm  the  standpoint  of  the  conservation  of  energy,  it  is  to  bo  ai^umed 
beforehand  that  ihew  Ihcoretieal  eniorific  values  niuwt  be  correi-l  bIbo  for  Ihwe 
fuh>itAticc«  when  burned  in  Ihe  living  body.     In  fact  we  Have  direct  eTperi- 

■  mental  proofs  of  thvi;  and  preei^u'ly  Ixx'aun?  thtw  proofs  verify  tho  oaaumption, 
^Ljtar  arc  of  the  grvatoHt  ini|H)rtance  for  the  whole  (subject  of  phyiiiiolog>', 
^fP    A*  long  ago  a?  IRK3.  {{ubner  "bowed  by  a  long  >>erieA  of  experiment^,  the 

detaiU  of  which  we  cannot  enter  into  here,  that  the  different  organic  foo(lfiitu(T.H 
can  replace  one  another  in  in^odynauiic  (|uanliliet> — i.  <•.,  in  r{unntitie5  which 
yield  equal  abioantu  of  raIori6c  energy.  The  foregoing  assumption  was  snf- 
ficiently  tulititantiatcd  hy  titme  results  alone.    Rut  JEubncr  carried  his  ioTnti-^^^ 
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gations  still  further  (1894).  By  the  use  of  the  calorimeter  he  determined 
on  dogs  (direct  calorimetry)  the  amount  of  heat  lost,  and  at  the  same  time 
estimated  from  the  excreta  the  total  metabolism  (see  page  92);  then,  from 
the  calorific  values  of  the  foodstuffs,  h&  calculated  the  amount  of  heat  pro- 
duction (indirect  calorimetry)  in  the  body  represented  by  this  metaboliam. 
The  result  was  that  in  eight  series  of  experiments  covering  altogether  forty- 
six  days  the  mean  difference  between  the  heat  production  as  calculated  from 
the  metabolism  and  the  heat  loss  determined  by  the  calorimeter  was  only 
0.3  per  cent. 

In  some  very  careful  experiments  with  men  on  a  mixed  diet  Atwater 
has  obtained  similar  results.  In  these  experiments  not  only  were  the  food  and 
the  total  excreta  analyzed,  but  the  calorific  values  of  the  food,  the  urine  and 
the  fieees  were  determined  directly;  and  at  the  same  time  the  heat  given  off 
by  the  subject  was  measured  by  the  calorimeter  in  which  he  was  conflned. 

In  the  following  table  are  summarized  experiments  taken  at  random  from 
Atwater'a  papers,  and  in  parallel  columns  are  placed  figures  representing 
(1)  the  amount  of  heat  production  as  calculated  by  him,  and  (2)  the  amount 
of  heat  loss  determined  directly.  Besides,  in  order  to  test  by  these  observations 
the  heat  values  of  the  organic  foodstuffs  as  given  by  Rubner,  which  are 
generally  accepted  as  standard,  we  have  calculated  from  Atwater's  data  the 

Mean  P£B  Dat 


NtnoKK  OP 

EXPKSIMtMT. 

Dura- 
tloQ  In 
dajE. 

A 
Heat  pro- 

dUCtlOD 

calculated 
by  Atwater, 

Heat  loss 

determined 

directly. 

C 

Difference 
between 
A  and  B. 

D 

Mean  of 
AandB. 

E 

Heat  pro- 
duction 

calculated 
by  the 
author. 

F 

Dfireratuie 
betweett 
DandE. 

RmL 

4 
4 
4 
4 
4 
3 
4 
8 
S 
8 
8 
3 
8 

cu. 
3,483 
2.484 
3,361 
2,377 
3,368 
2.1 13 
3,181 
2,216 
2.338 
2.304 
2,242 
2,043 
2,067 

Cal. 
2,379 
2,304 
2,287 
2.309 
2,283 
2,151 
2.103 
2.176 
2.273 
2,379 
3,344 
2,085 
2,079 

Per  cent. 
-4.1 
-1.6 
-3.2 
+  1.4 
+  0.7 
+  1.8 
+  3.9 
-1.8 
+  1.5 
-1.1 
+  0.1 
+  2.0 
+  0.6 

Cal. 
3,480 
2,414 
2,324 
2,293 
2  273 
2!r31 
2,102 
2,100 
2.255 
2.201 
2.243 
2.064 
2.073 

2,243 

3.777 
3.916 
3.552 
3,430 
3.560 
3.608 

3,643 
3,685 

Cal. 
2,50J 
2,480 
3.359 
3.203 
3.377 
2,126 
2.127 
2,164 
2,107 
2,300 
2,270 
2,038 
2,071 

2,245 

3,810 
3.036 
3.540 
3.434 
3.553 
3.005 

3.G40 

2,680 

Feroent. 
+  2.0 

7       

+  2.7 

8     

+  1.6 

-0.04 

+  0.2 

18     

-0.3 

-1.6 

-1.9 

-2.6 

31        

+  0.4 

+  1.3 

-1.3 

38             

-0.1 

45 

4 
4 
8 
3 
8 
3 

20 

3,244 

3,829 
8.901 
3,516 
3,489 
3,578 
3,639 

8,647 

2,341 

8,726 
8,933 
3,589 
3,430 
3,565 
8,587 

3.637 

-0.1 

-2.7 
+  0.8 
+  2.1 
-0.6 
-0.3 
-1.3 

-0.3 
-0.3 

+  0.1 

Work. 

+  1.1 

11 

+  0.5 

39    

-0.1 

81        

+  0.1 

33         

-0.5 

84 

-0.1 

+  0.2 

Me&n  of  all 
experiments . 

65 

3,688 

3,687 

+  0.3 
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Amount  of  heat  profinced  in  each  experiment  by  the  (destruction  nf  protcid, 
fiiU  nnd  rarhohvdnH<M,     These  results  are  K'veu  in  oilier  columns.' 

Tlie  greatest  iltfferuuce  bulweeu  A  aiul  H  is  4.1  per  tent,  ihe  l<jafit  difference 
u  0.1  per  cent.  In  the  rest  Mries  the  iiutan  difference  is  U.I  per  cent,  in  the 
work  scries  0.3  per  cent. 

IL  is.  therefore.  rnncIuslTely  demonstrated  hy  Ruhner's  and  hy  Atwnter's 
experiments  that  the  foodstuffs  gcttcrate  the  same  quantUy  of  heat  wkrn 
burned  tnihtn  the  bmlp  as  whtn  burned  outside  the  body.  Pram  a  com- 
parison of  column  V.  wiih  D,  in  (he  fon-jroinfj  table,  it  follows  also  that  the 
r&IoriHc  eslimalion  M  melaboHsm  hv  meaiiis  of  the  standard  heat  raluep  of  the 
or;^anic  (ootlrtufffi  yieliU  very  .tntis factory  result**  in  the  light  of  the  heat 
pruduclton  as  actually  measured. 

§  3.    METABOLISM  IN   FASTIKG 

Quantitatively  considered,  metabolism  takes  Ihe  simplest  form  in  the  fa«t- 
m^  condition,  when  the  body  is  living  exelusivety  at  the  expense  of  it«  own 
combustible  mntcrials.  IIenc«  it  will  be  best  to  begin  the  discuBslon  of  the 
prooiiBdcs  of  metal>olism  with  a  prcAcntation  of  that  which  takc^  pUec  in 
farting. 

I  A.    THE  GENERAL  COMDITIOB   IH   FASTING 

I  It  I*  commonly  supposed  that  fa^^lirg  i»  a  very  painful  state.    But  thid 

^Lift  not  the  catie.    Observations  on.  starving  animali*  as  well  m  fasting  experi- 
^H^Kntji  recently  carried  out  on  men  show  that  no  real  pain  is  felt. 

■  DuriofT  the  first  di.v  of  fastinit.  e«iieeialb'  at  the  usual  meal  times,  there  is 

^  ■  fcolioK  of  huntfLT.  but  it  Brain  disappenra;  and  it  may  even  happen  that  when 
the  individuid  i:t  lurain  iiermilled  to  eat.  he  has  no  real  duirc  for  fnod.  Neither 
Oblmals  uar  men  hare  an.v  nn-at  iicerl  for  watiT  diirinfc  the  fasling  condition. 
Folittg  d'Hf*  often  do  not  drink  wlicn  water  is  offered  them,  and  fasting  men 
gxrv  oQt  much  more  water  than  they  Uike  in. 

What  is  i^peeittlly  charartcriHtic  of  the  faxtinK  eondttion  Ik  the  progresaive 
Icaa  of  dlrcnglh.  Bat  even  this  is  not  always  prononnccd,  as  will  be  seen  from 
ibe  caw  of  Siicci  obacrrod  by  I.ucisui.  Succi  fueled  for  thirty  days,  end  on  the 
twelfth  dny  he  took  a  herwbnck  ride  lasting  one  hour  and  forty  minutes;  the 
same  cvcfiing  he  walkM  aroimd  the  room  a  great  deal,  ran  an  endurance  race 
with  three  ynung  j»tOileiits  which  lasted  for  eight  minutcii.  ind  then  went  ihrough 
a  fi:!iii-ing  exercise.  On  ibis  day  be  took  lO.IHKl  steps.  On  the  twcniy-third  day 
of  hi»«  fnc(.  he  visited  the  theater  in  the  evening,  and  there  engaged  in  two  bouta 
with  nrordH,  in  which  he  showed  endurance,  strength  and  agility.  On  this  day 
b»  look  7,000  AtepH. 

The  palw  frequency  decrcflses  during  rest  in  the  fasting  state;  but  with 
Terr  slight  exereise  it  rises  murh  higher  than  normal.  The  hody-temperature 
(Return)  remains  normtd  or  fuIU  only  O-l^-O-S'  C,  until  within  the  last  few 
days  (third  to  ninth)   before  death  by  «tarration,  when   it  falls  rapidly  and 


I 


I 
I 


'  Since  Ihe  Calorie  as  ubkI  by  Atwatcr  is  baaed  upon  water  at  a  temperature  vA  30°  C, 
aad  if  therefore  alxMit  1  per  emt  lower  than  that  usually  employed  (0°  C),  wc  have  used 
tb«  hiUowinK  figures  in  this  calculation:  1  g.  proteid  -  4.2  Col..  1  g.  fat  -  0.4, 1  g.  caxix>- 
h^rdimle  -  4.LB. 
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suddunl.V-  The  Uidy  weiftlit  x^ry  K^'dnaHy  Hct-liiips.  Tlie  nveraite  dnilj  loss  in 
the  first  live  to  U>ii  days  vt  loug  faEtiug  purivds  ciidurvd  by  mirii,  has  b*xu  found 
to  be  1.9-1. S  per  cent  of  the  oriKiiml  wcLehl. 

During  fflBUng  a  nifii«s  ooii^iii^ting  of  wum-uut  cpitbclinl  ccIU  and  residues 
of  the  digestive  fluids  Bccumulalx's  in  the  inlestiiii?,  which  nithor  during  ihp  fas! 
or  after  it  is  bpjken  is  erncunted  na  ffPws  (nf.  Cbupter  VII).  Fnuii  cbsLTvatituii* 
on  faslinic  mpri.  the  daily  quimlity  vi  fwah  iunxs  ia  estimntwl  at  '..iJf-l'I.O  r.,  of 
dr>-  fircos  at  2-3.fi  ft.  Thry  contain  0.113-0.316  g.  of  iiitrotreii,  tt.44-l.35  g. 
of  ether  extract  and  0.25-0.48  g.  of  neh.  M iertisoopic  fxamination  nf  ta^os 
rcvealit  nuiiterniiH  fine,  nepdle-sli()]ird  crystalsi  of  the  fatty  aciih  rnibedded  within 
a  fiufly  granular,  amurjihtius  jiroUJid  »uli»tniKX-,  but  no  Iriif;  funned  constituents. 

B.    CHARACTER  OF  THE  METABOLISM  HT  FASTIRC 

In  faslinjr  the  tolai  nielalmlistn  falU  gradually  from  the  first  flay  onward. 
EstimatL'd  per  kg.  of  body  weight,  however,  the  daily  decline  is  only  rela- 
tively small  aiitl  remainfi  for  a  long  time  at  nhout  the  minimum  reached  at 
the  hejfinninjj  o{  tin-  fastinj?  periml.  A>i  prnof  of  thi;!  .statement,  wc  give  here 
tliie  nwults  of  a  five-iifty  fofiting  expcrimtml  on  n  mnn. 


DeaMapoMd :  g.  of— 

Total 
inKttli- 

nllsm, 

IVr  kg. 
.it  till. I).' 
wbikL.L 

1 

N, 

EW- 

Ckrbo- 

bntrata. 

Atcohol. 

67.8 
67.0 
65.7 
64.0 
64.0 
63.1 
64.0 
65.6 

23.41 

87 

SOT 
348 

28 

is 

37 

$.820 
S.I02 

S.034 
1, 11103 
1.070 
«,4.17 
S.410 

39.9 

First  fast  (lay 

13.17         SOfi 

83.2 

First  foii.1  liiiv- 

12.65 
13.61 

13.60 
11.47 
S9.44 
18.07 

■as 

181 
178 

181 
«4 
78 

S2.0 
91.3 
Sl.l 
S1.S 

38.1 
86.8 

As  i«  riistf>mary  in  fiisting  experiments,  we  have  assumed  that  the  total 
quantity  of  rarbon  from  nonuitrogenous  i-ubstances  comes  from  fat.  But  the 
body  contains  nt  the  hejriniiing  nf  the  fa.st  a  certain  quantity  of  ^tyrogen, 
whoMe  heal  value  calculated  piT  g.  of  carbrm  ia  letw  ihnn  tliai  nf  fat.  This 
glycogen  diBappears  fur  llie  mom  part  duriug  the  first  day  of  stanatinn  and 
a  part  of  the  carbon  reckoned  an  fat  doiihrlcBs  has  its  origin  in  thi.«  glycogen. 
Our  figures  for  the  total  inotabolism.  during  the  first  two  fa^'ting  days  at 
leai*t,  are.  for  thi^  reason.  Inn  large;  and  hence  it  i*  poiwihie  that  the  body 
reaehe>;  ii^  minimum  metabolism  on  the  first  or  second  day  of  fa-fting. 

To  enter  further  into  the  processeji  of  metalioligm  in  fasting  it  will  Ik 
neccRsary  for  ns  tn  discuss  the  decomposition  of  proteid  and  fat  more  fully. 
Nothing  further  ran  bo  (said  at  present  ennceming  Iho  .ihare  of  oarhnhydratea 
etored  in  the  Ijody  in  these  decompo^itinnn,  and  iti  any  case  it  muBt  Iw  regarded 
an  unimportant  in  comparison  with  that  of  fat. 

Kxperimenls  show  that  with  well-nourished  animnK*,  having  a  plentiful 
depo3it  of  fal  in  their  hoiJics.  Ihc  dc^slruftion  nf  prnteJd  gradnaMy  declines 
day  by  day  until  death;  whereas  with  pntorly  nourished,  lean  animaU  after  a 
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preliminarT  fall  there  occur*  a  rise  in  the  proteid  metabolism,  Bomctimes  of 
coDiiiderabiu  t^izi-, 

Thia  great  diminution  in  the  pmleid  tnetHbolism  in  fueling,  althouKb  occur- 
ring with  vuriiius  tluclustioiiK,  has  bc.-n  ^-crificd  also  for  iiicii.  In  the  thirti'- 
day  fuBting  ^xiteriinrnt  on  Sued  the  N-output  on  the  itnih  duy  was  forty-nine 
pet  otni  of  the  output  ut  the  bepinniiig;  on  tht^  twentieth  duy  it  wns  thirty-two<| 
per  cent,  and  mi  the  twenty-ninth  day  it  vriis  tliirly  per  cent.  In  invn  alw>  w« 
meet  with  this  peculiar  relationship:  the  N-output  in  tJie  urine  incrt-aKt-s  from 
the  third  or  fourth  day.  thou  fulls  off  again  (t-f.  tublc,  pugc  ^0).  Thi'  chii-f 
reason  for  this  behavior  prnbably  i»  that  on  llii;  tir:<t  day  the  glycog^'ii  dopoflited 
in  the  body  sparM  a  part  of  the  protfid  from  biing  dt-«trny<^'.  but  since  moKt  of 
the  Kly<v(g<>n  in  ufted  Up  on  this  day.  so  ibnt  on  xh*-  spcond  day  its  protecting 
indui^ncv  has  ceased  to  exist,  mon?  prott-iil  is  iIk'ii  iittarkcd.  In  thi«  way  the 
body  must  becomi*  impt'Teri*hed  in  a*'ailnb!e  pniteirl.  r'inwquently  its  destrac- 
liun  falls  uguin  and  from  now  on  tin-  t-oinbut^tiun  in  the  hudy  h  maintained  to 
a  large  eiteut  by  the  fat,  provided  the  body  be  not  t^io  poor  in  fat  (PrauBnitz). 

From  facts  concerning  metabolism  after  feeding,  which  will  he  utiratna- 
ri»^  under  g  4,  we  know  thiit  of  ull  the  foodstuffs  ingaited  prolfid  is  Ike  most 
eiisiUj  Jra/mpused.  Nuvertheless  in  fasting  tliu  share  nf  proteid  in  the  total 
metaUtliani  (eatculaled  in  caloric«)  of  uniniDlri  previously  well  nourished  i* 
only  seven  to  sereotccu  per  cent.  Inaxmuoh  A8  Ihiit  prntt^id  onmea  from  the 
liMiws  them«elve!t.  it  follnwn  that  they  are  not  by  any  tneuiw  so  eat^ily  deeoiii- 
powd  an  is  the  font!  proteid.  or  more  correctly  stated,  they  g^ive  up  proli'id 
(mm  their  own  Kuhstanec  only  in  retnlively  small  qiiantitie^. 

The  increa^j*'  in  the  df»tr«ctii>n  of  prtiteid  whii'h  taltes  plaee  in  the  later 
alagea  of  fa«ting  and  which  continue«  th^-nce  imtil  shortly  W-fure  dnith,  \»  a 
rery  intere«tinK  ['henomi-non.  Voit.  who  first  obseired  the  pfienomL-nun.  ex- 
lilaiiifd  it  by  supposing  (hut  the  fat  had  all  bei-u  used  up.  hcriee  the  proteid 
mrtuboli^m  was  iucreaMHl  in  onler  to  kivp  up  tht>  energy  requin'menti^  of  the 
body.  This  eonclusiou  wam  fully  continued  by  the  following  cxgwriment  by 
Rnbner.  The  N-oulput  ji^r  duy  he  found  to  be:  flrst  to  third  day.  1.67  g.; 
fourth  to  6fth  day,  1.4(1  g.;  sixth  to  eighth  day.  •I.SI  g.  The  amnunt  of  fat 
banml  proved  to  be:  on  the  ti«cond  daj-,  W.'i  g.;  fourth  day,  10.3  g.;  eighth 
dv.  S-4  g. 

WhPH  nt  the  eonclnslnn  of  the  fa.sl  fnoil  is  again  flupptieil.  the  lioily  shows 
n  prononnetil  ahilily  to  make  good  ils  josw-s.  Hn<l  now  lavs  on  Imtli  pr»ik'id 
did  fat  in  largi?  ipuintities.  In  tlie  livt^-dny  fasting  experiment  rilenl  alwve 
the  iiuhjert  Inst  during  the  live  days  IVM)  g.  |»rolpid.  fl3H  g.  fat,  37  g.  ash  and 
3.829  g.  water.  On  the  »iic<-e«ling  diet,  wliich  wai*  a  l^ch  one.  and  of  which 
4.I-II  Cal.  were  aVworlK**!  daily,  ho  destroyed  a  mean  quantity  for  two  dava 
of  only  2A'H  ChI.  daily,  and  thus  recoveriKl  in  these  two  day.-i  twenty  [kt  cent 
of  the  logt  proteid.  thirty-*ix  per  etmt  of  the  lost  fat,  sovcnty-onc  per  cent  of 
tht'  Imt  water,  and  sinty-nine  p^-r  t-ent  of  the  lo»it  a^h. 


a    LOSS   OF  SOBSTAHCE  FROM  THE  DIFFEREHT   ORGAKS 

In  fasting  the  liody  Hrm  at  the  expanse  of  Us  own  subxianrf.    On  purely 
aotrc«dcat  grouod«  it  would  be  most  natural  to  suppo:4c  that  the  o:  '" 
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which  the  grpale«t  amount  of  work  it*  done  would  be  destroyed  to  the  great 
extent.  Km  this  is  nni  Inie;  on  the  contrary,  these  rerv  organs  seem  to 
suffer  the  l»a5t  1uk»  of  tiubstaiioe.  while  the  loss  Ip  grcatci!t  from  iho»e  organs 
upon  which  little  or  no  deniantl  ii^  made  in  fa.sting. 

If  this  conception  be  correct' — and  it  must  be  admitted  that  direct  observa- 
tions are  «lill  very  inadequate — it  wouh!  foUow  !iint  in  fasting  Ihc  organs 
do  not  do  their  work  at  the  expeiiHJ  of  their  own  substance.  It  seems  that 
&]t  the  organs  contribute  to  the  support  of  the  body;  hut  those  orgnnsi  vhich 
are  of  primary  importanico  for  the  maintenance  of  life,  utilize  the  materialfi 
thus  contribnted  by  all,  in  the  performaroe  of  their  particular  function*;  that 
is  to  ,-iay.  tliey  work  at  the  cxpfttse  of  the  less  vital  orffiins:  their  own  state  of 
nutrition  sutler;?  let's,  and  hence  they  decrease  in  weight  relatively  little. 

This  view  reeci%*cs  support  from  rertain  fxpt-ri mental  facts.  The  hniies.  for 
esamplp,  bear  a  part  in  the  Rcnenil  levy  ni«de  u[i(m  ihf'  nrffans.  E.  Voit  f«J 
pigi'oim  with  food  whlt-h  was  suffioient  in  every  other  rwpi-ct,  but  wa(<  vt-ry  poor 
in  calcium.  The  birds  fared  verj-  well  and  were  killed  after  some  time.  On 
section  it  bcpome  cviilfiii  ibsil  thum-  btine^  which  were  used  in  the  movementu 
of  the  ftiiimnl  wrre  nnrmnl,  while  others  such  ns  the  stcrnnm  and  tbn  sltnll  were 
brittlf  nnd  in  places  wcrt  t-ven  jjcrforatcd.  Since  calt'ium  was  bciiifi;  Wt  from 
the  binjy  all  the  time,  ariii  nniip  was  l)4>iTiff  tuipplierl  in  the  fowl  t<»  it'place  it, 
the  "  rt-ntinir"  li'iinw  itave  up  their  fiilcium  to  (he  "aclivc"  bone*. 

I'robably  a  still  more  inteiestiiiK  example  is  fiiruished  b.v  jkliescher'a  investi- 
ftatiuns  on  the  Hhitie  snlm^n.  Thii'  fish  leaver  the  sea  in  the  be.^t  comlilion  of 
rourifihrnent,  but  it  remains  in  fresh  wnlcr  fur  six  to  nine  mnnths  without  eat- 
ing anything.  During  this  time  it  nniUTally  Iwcomca  exceedingly  thin  and 
gaunt,  and  its  muscles  greatty  diminished  in  size;  but  the  repmducliTe  organs 
bceonic  ttw  muro  strunsly  developed.  The  substance  of  muscle  hm  gone  to  make 
ova  and  sperm  cells. 

Sooner  or  later,  however,  there  comes  a  time  when  the  activity  of  the  vital 
organa  and  of  those  most  necessary  for  the  gcfncratlon  of  heat  in  the  body, 
falls  to  the  minimum.  If  aninmis  he  wi-apped  up  in  hediling  flicy  can  be 
kept  aJive  for  a  brief  time  longer,  liut  rei*piration  and  the  heart  boat  »oon 
(Kaae  and  the  animal  dies  in  a  state  of  the  most  profound  exhaustion. 


g  4.    IlfFLUENCE   OF   FOOD   ON  THE   METABOLISM 

The  most  noteworthy  thing  about  metabolism  with  fond  ia  the  peculiar 
position  which  pndeitl  occupies  with  referetit-c  to  tin-  other  organic  ffnid^turts. 
If  a  dog  be  given  a  sufficient  tiuantity  of  protoid  with  no  fat  or  cnrliohydrate, 
under  proper  circumstances  the  body  will  remain  in  an  equilibrium  of  sub- 
stance, the  inge^ta  and  the  excrrta  couipletely  balancing  each  other.  If.  how- 
ever, the  (log  receive  carbohydriile  and  fat  in  plentiful  quantities  hut  no  pn> 
teid,  equilibrium  never  occurs.  The  body  continually  excretes  nitrogtmous 
waste  produet-i — 'Which  meann  that  proteid  is  continually  being  dcjitrnycd — 
and  after  a  time,  which  in  aomewhat  longer  than  when  no  food  at  all  is  given, 
the  animal  finally  dies  of  "proteid  starvation." 

Since  we  have  no  reason  In  auppoae  that  there  is  any  essential  difference 
between  the  chemical  proccsiw-fi  involved  in  the  Rnnl  decompoisifion  of  the  food* 
stuffs  in  the  doR  and  in  man,  it  is  theoretically  coneeiviible  thut  a  man   also 
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vuttlt]  be  noumhM  cxrluoivcly  with  proteiiI».     Hut  tho  capabttitiLm  rt(  the  digest-j 
ITD  oiKBDH  iitu^i  1m-  itiiiiitilt'ntl.     Ill  man  ilit!y  iirc  tK«t  ah\e  tw  digest  and  Bb«oT 
prnteid  enough   lo  maintaiti  tht  body;  hctice  muii  in  always  comp<*ll«d  to  eat 
Oftimilrogenoaa  foodatuSst  in  additiuu  to  proteid. 


A.  tRFLUEHCE  OF  THE  pUAWTlTY  OF  PROTEID  IN  THE  FOOD  OH 
PROTEID  HETABOLISU 

ThiB  excrptifmal  paniUon  nf  protrid  pmmjits  us  tfl  dismss  the  cnmlitiona 
of  its  mctabolUm  tir^t.  IM  im  lH-|;in  li.v  in(|uiriii^'  Imvi-  lhi>  quantity  n{  pn>t«k 
nipplk^)  to  the  body  affi-ct*  Itie  prnteitl  ilfniiiielion  ihereiii.  The  fnllowii 
nuiitiiHr.v  of  a  eeriw  of  cxporimKiits  by  Bischoff  and  Voit  may  wrvr  in  give 
US  our  iK^rinjrs.  The  animal  received  nothing  but  meat,  which  was  carefully 
freed  of  fat,  honcx,  cnrliliijfe.  etc.  The  ptrrontft^  of  nitropon  in  the  meat 
U  (»l)ina(o<]  at  3.4  i)er  cent  (correspondiiij;  to  about  twenty-one  per  cent 
of  pmti'id  I . 


KzivautEKTa. 

X  tng««tMt,  g.  pmr  d«jr. 

N  wccntal,  g.  jmr  i*f. 

K-halaaca,  g.  por  daj. 

Xa.  I 

61.3 
BI.O 
40.8 
SO.  6 
30.4 
10.3 
6.0 

o.« 

01.3 

w.o 

87.6 
61.4 

41. » 

»7.1 
28.1 
10.4 
13.5 
7.7 
58,4 
81.4 

+  8  7 

-0.4 

-  1.1 

-  B.6 

-2.7 

-5.3 

-    7 

-6.6 

—  7  7 

+  2.8 

+  8  6 

From  thiTt  and  other  («imilar  wrre*  of  e.Tporini«ntK  it  follows  without  que 
tioo:   (t)   (')<><   inurcasing  ihe  su]ip]v  of  protcid   inereascii;  iU  di^^tnu-tion  in! 
the  tiody;  i'i)  that  the  entire  supply  of  proleid.  or.  when  it  is  large,  alinoct  the 
entire  «uppir,  is  d«troyctl;  and  (3)  that  protei'd  is  retained  in  the  body  (cf. 
numWry  I,  9.  1«)  only  wlu-n  fed  in  very  large  quantities. 


CjimtiMurrv. 

Food  p«r  day. 

H-balMMM, 

W.V. 

K-nt. 

rpwdar. 

0.1 
8.5 

17.0 

S4.U 
42.5 
51.0 

33.8 

a>.4 

14.6 
H.8 
&.1 
0.0 

9W 

2W 

aw 

230 

'JAO 

a.'io 

350 

SUrcti. 
150 
li^O 
3(10 
S-W-3fi0 
3.-UM30 
450 

7.9 
0.2 
11.7 
15.1 
23.4 
SO.R 
»0.2 
47.0 

26. » 
33.1 
18.8 
13.4 
10.7 
5.7 

-3.8 
-0.7 

-    4...           .      

+  3.6 

+  1.9 
+  3.1 

-    7 

+  4.9 
+  8.8 

-  8 

Vo.  !...„ 

-  a...  .        .,.   - 

-  8.. 

-  4.- 

-  5 

-  6.                          .. 

+  4.0 

-2.5 
-2.7 
-4.2 
-5.8 
-5.6 
-6.7       J 
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The  proteid  metabolism  behaves  in  essentially  the  same  way  when  the  diet 
contains  a  constant  qiiantity  of  nonnitrogenous  organic  foodstuffs  in  addition 
to  proteid.     This  may  be  seen  from  the  preceding  table. 

Just  as  the  body  can  destroy  very  different  quantities  of  proteid,  it  can 
also  be  placed  in  nitrogenous  equilibrium  with  very  different  quantities  of 
this  foodstuff  (of.  first  table  on  page  91). 

The  following  experiments  from  Volt  will  give  some  idea  of  the  time 
required  to  reach  nitrogenous  equilibrium: 


Day. 

N-lDtmke,  g.  per  dt-f. 

N-output.   g.  per  da^. 

N-balauce.  g.  per  dAj. 

No.  1 

17.0 
51. 0 
51.0 
51.0 
51.0 
51.0 
51.0 
51.0 

18.6 
41.6 
44.5 
47.3 
47.9 
40.0 
40.3 
51.0 

-1.6 

'•     2 

+  ».4 

"     3 

+  6.5 

"     4 

+  a.7 

"    5 

+  8.1 

+  2.0 

"     7 

+  1.7 

"    8 

0.0 

II 


No.  1. 
"  2. 
"  3. 
"  4. 
"  5. 
"    6. 


51.0 
34. 0 
34.0 
34.0 
34.0 
34.0 


51.0 
30.2 
36.9 
37.0 
36.7 
34  9 


0.0 
-5.3 

-2.9 
-3.0 
-2.7 
-0.9 


The  two  experiments  were  carried  out  on  the  same  animal.  Previous  to  the 
first  the  dog  had  received  17  g.  of  N  (500  g.  meat)  daily.  Equilibrium  had  not 
been  established  with  this  quantity,  for  on  the  last  day  of  this  period  he  lost 
1.6  g.  of  N  from  the  body.  The  supply  of  N  (in  meat)  was  then  increased  to 
51  g,;  immediately  the  N-metaboHsm  rose,  but  perfect  equilibrium  was  not 
reached  until  the  seventh  day,  and  during  this  time  2G.4  g.  JJ^  were  retained 
in  the  body. 

What  became  of  this  nitrogen?  It  might  have  been  retained  as  dead  pro- 
teid, as  living  protoplasm,  or  in  the  form  of  decomposition  products.  The  last 
possibility  has  been  rendered  very  improbable  by  various  experiments  of  Voit. 
We  shall  return  later  to  the  question  of  whether  the  nitrogen  is  stored  as  proteid 
or  as  protoplasm. 

The  second  experiment  is  just  the  reverse  of  the  first.  Here  the  animal  had 
previously  received  51  g.  N  (1,500  g.  meat)  and  had  been  in  nitrogenous  equi- 
librium. The  N-supply  was  then  cut  down  to  34  g.  The  result  was  that  on  the 
very  first  day  the  N-excretion  was  less  than  before,  and  during  the  following 
days  it  sank  lower  and  lower  until  on  the  fifth  day  it  reached  apprnximately  the 
level  of  the  amount  supplied.  During  these  five  days  the  animal  lost  14.8  g. 
N  from  his  body. 

Nitrogen  excretion  runs  a  similar  course  during  the  first  few  days  of  starva- 
tion. If  the  same  animal  be  made  to  fast,  in  the  one  case  after  feeding  a  plenti- 
ful supply  of  meat,  and  in  the  other  after  feeding  a  scant  supply,  the  excretion 
of  N  in  the  urine  during  the  first  few  days  behaves  very  differently:  the  greater 
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Iho  supply  of  proteid  prcrious  to  starvation,  the  greater  is  the  excretion  of  2^ 
iltiritiff  tlie  finii  fi-w  Jayf  of  atarvfitioii.    Ii  fnlU  nipi<lly.  however,  mid  afu-r  abnul 
Bvp  daj^  the  amount  of  N  eltmiiiaUyl  ia  about  tbc  same  wbalevf-r  the  compo- 
sition of  the  food  mny  have  bi'oti  previous  to  the  experiment  {Vig.  4:)). 
K          Varioua  eirrurn^lamiit  fuvnr  thi-  idea  that  tliiw  ext.'e>"«  of  nitnw"  ext-retcii 
H  from  ifae  body  doet*  not  ctimc  from  iiitrYiRenoui^  diN'ompotiition  prmluetti  Ir'ft  over 
B  fmm  previous  day:;,  but  tlint.  in  the  trftnsition  frum  a  N-rieh  to  a  N-po<fr  diet  or 
■   to  faalinfc.  a  oertnin  qunniily  of  the  proleid  stored  In  the  body  jiiidergi>eft  det^iom- 
ponition  until  the  oneanism  haa  adapted  itself  to  the  diminished  supply  of  proteid. 

1 

H 

\ 

^^1 

\ 

\ 

^ 

1 

\ 

\ 

\ 

<i 

\ 

N, 

' 

•^  ^ 

^ 

~~~Y~- 

>= 

"^ 

-^ 

. 

__^ 

■■"^l 

"  ■■- 

__-.  __- 

'_.^j*« 

•r^. 

^ 



-^ 



^          Aw; 

TM.  43.— 
^        pnvio 

■  IJKO 

I       The 
■both  nitr 
^|i)oi«  on  a 

■  The  i 
Hpmtrjit  • 
HnitroBfii 
"ejiervtion 

tion  frori 
vTliry  rrp 
^inlil  12 

line,  un  c 

'                   r                   J                   «                   <                   0                   ; 
Thnv  ciprriiDmU  on  llw  rlinuomtiioii  u(  at**  by  (oatinx  <J<>fPS   nflnr  Vim 

J 
t.    Tho  food 

J 

I.  OM 

Unly 

"Hreni 
n  i>sc 
acr  1 
uppli 
exen 
prciT 
n  tbf. 
rp«en 

r.  M. 
inliu 

place 

IIIK    fl1 

•hisiv 

hit  r 

ed  i« 
■lion 
ep  to 
intr 
t  the 
The 
iiry  (i 

in  — 

■s  ha* 
rui  n( 
cly  p 
rotei 
confi 
durir 
be  do 
«Iine 
N-el 
dot  It 
iet. 

^  on 

?]f  it] 
nniti 
rot  oil 
I  tUv 
mief! 
tg  lb 
IM^ndi 
Th 
miiiM 
d  lin 

ly  1  li 

nit! 
fiprpn 

1  diet 
i>mpn 

in  It 
e  difl 
*ni  tt 
e  en 

linn 
e  bho 

Ltle  pi 

ftgca 

nun  s 

<iitior 
vor> 
ereut 
a  vo 
rves  I 
in  lb 
wa  th 

[>us  e 
ubsTa 

1  do|> 
iiile 
hou 
ryKT 
n  I'i 
e  uri 
le  eli 

«iuili 
noes, 

ends 

ifwtii 
re  of 
rat  0] 
g.  « 
Me  ill 
DoinHl 

iriuni 
in  es 

primi 

iR  wa 

thv 

[tout 

will 

two- 

ion  i 

whe 
Dotly 

irily 
y  by 
[went 
upon 
nem 
lour 
n  fas 

n  tb( 

Ibe 

upon 
obse 

y-f<j« 
Iher 
t  an 
perio 
ting, 

6-  •"™ 

•  foo< 
88  mc 

the 
rvalic 

r.     I 
lilroR 
an  il 
tU,  ft 

the  I 

1  containa 
way  aa  it 

fimount  of 
na  on  the 
'lie  iKiuriy 
en  absorp- 
lustration, 
om  8  A. «. 
■ontinuous 

J 

102 


METABOUSM  AND  NUTRITION 


B.   THE  TOTAL  METABOLISM  AFTER  IITGESTIOH  OF  PROTEID 

So  far  we  have  confined  ourselves  to  the  decomposition  of  proteid  without 
inquiring  how  the  nonnitrogenous  organic  foodstuffs  behave  at  the  same  time. 
But  in  order  to  interpret  correctly  the  phenomena  just  discussed  we  must 
consider  also  the  metabolism  of  the  latter — i.  e.,  we  must  'know  the  total 
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Fia.  44. — The  etimiiuition  of  N  in  the  urine  of  man,  determined  every  two  houra,  after  Tone- 
wall.     on  ordinary  diet; fasting. 

metabolism. .  As  a  basis  for  this  discussion  we  may  start  with  the  famouB 
experiments  of  Pettenkoffer  and  Voit  on  equilibrium,  which  are  given  in 
the  following  tables: 

In  the  first  scries  of  experiments  meat  only  was  fed.  The  nonnitrogenous 
metaboliam  is  calculated  from  the  carbon  excreted  (cf.  page  90)  and  is 
estimated  in  terms  of  fat. 


ExpixiMKim. 

S  In  food, 

K- 

N  excreted, 
K- 

N- balance,  r. 
per  day. 

Fat-balance, 
g.  per  day. 

Total  metabo- 
Uam,  CaL 

No.  1 

ii.ii 

34.0 
51.0 
61.0 
68.0 
85.0 

6.6 
20.4 
36.7 
51.0 
69.7 
69.5 
85.4 

-5.6 
-3.4 
-2.7 

+  1.3 
-1.5 
-0.4 

-98.0 
-61.0 
-43.0 
-34.0 
-36.0 
+    8.0 
+    4.0 

1,067 

"     2     

1,106 

"     8 

1,860 

"     4 

1,563 

■■     5 

1,893 

"    6  

1,741 

"     7 

a,i8i 

In  this  and  the  following  tables  from  Pettenkoffer  and  Voit,  the  carbon  of  proteid  la 
calculated  by  the  ratio,  N  :  C=  1  :  3.88.  [This  ratio  was  first  determined  by  Rubner  in 
Volt's  laboratory,  but  is  generally  attribute<l  to  Pfillger. — Ed.] 
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We  f*e  that  a4  the  amount  of  prateid  fed  incrcanfA  the  amount  of  fai 

P  burned  decrttuts,so  lliat,  wlii-n  rrnm  (>S  in  85  g.  of  N  are  supplied  (tu  meat), 
a  snaall  amount  of  fat  is  storvU  in  tlic  Ixxly. 
E^liniation  of  tho  total  metafioiiam  in  Cal.  shows  that  aa  the  amount  of 
protcu)  in  the  TimmJ  iis  increa^'d,  not  only  h  the  [imiiMil  tl^.Tomposition  in- 
crooKfl  but  ali>o  the  total  ilecoinpositiou.  althou)>;h  the  latter  to  a  much  less 
rxtmt  than  tlie  former.  With  85  g.  S  (3,500  y.  iiient)  iu  tliu  food  the  total 
metaboIUm  is  about  twice  a«  great  as  in  fasting  or  wiih  It  g.  X  (.^00  g.  meat), 
wbcTvas  the  proteid  decomposition  is  fifteen  times  as  great  aa  in  failing  and 
abont  four  times  what  it  is  with  17  g.  N'  in  the  food. 

V  In  his  experiments  on  the  metabolism  of  protoid  in  the  bfxly  Voit  thought 
he  had  found  that  the  smallest  quantity  of  proteid  with  which  the  body  enn  place 
^m  it«elf  in  Nfquilibriuni,  even  when  earbohydrate»  ur  fats  are  administered  frtcly, 
^■inu  hiffbur  than  the  ()uanlily  def^troyed  in  starvation  after  ihe  'firat  few  ciayn  of 
^klKiDenre.  Further  inTcaligations  have  nhown,  hnwcvcr,  that  in  ranc  the  body 
^H|phw«  enough  non nitrogenous  fondi^tuffs  to  enable  it  to  maintain  a  Reneral 
^Fe<piitibrium  nf  Huhctance,  the  qunntity  of  prol^'id  can  be  firaaller  than  this. 
H  From  experiment.'!  by  Hirw?hfeM.  Kuiiiii^iiwii  and  Klemperer  it  apitenred 
H  that  N-e<|uiIibriiun  wiUi  small  quantiiie.H  nf  K  in  the  fond  in  only  obriiiiitil  wlien 
W  ibe  iiiLal  amount  nf  fond  supplied  is  much  in  exeefts  of  the  usual  (lift  Thus, 
whilr  an  adult  man  at  rMt  raaintainn  himnelf  in  X-equilibrium  on  about  101)  g. 
^m  proteid  ■  day  with  »  total  enerfr>-  supply  of  ^S—Vi  C»l.  per  itff.,  in  thi>ir  pxi>eri- 
H  menu  whrn  the  supply  of  proteid  was  cut  down  to  43,5  g.,  N-equilibrium  only 
^■■^nrred  when  the  total  supply  of  ciitivy  wiitt  iir'  iiiueh  as  47.S  Cal.  per  ItR.;  and 
^^Pb  33  IT.  prnletd  only  when  the  total  supply  reachod  7^.5  Cal.  per  leg. 

SiTi'n  baa  shown  howerer  that  when  the  N-ttupply  is  not  cut  off  •4U<Idenly, 
but  i*  rvdiii't"*!  RTiiiluany,  no  snch  excess  of  ibe  tolnl  supply  of  pner^y  in  lu-ees- 
•arjr.  t'nder  inch  eireumstanees  N-equilibrium  was  obtained,  in  the  case  of  a 
man  doius  a  moderate  amount  of  work,  with  41.4  Cal.  per  kg.  |ier  day.  allhousli 
ihr  diet  contained  only  2fi.3  g.  nitrogenous  substpnce.  The  f]itantity  of  aelual 
^  pmteid  here  was  only  12.4  g.  In  other  words,  this  man  reeeived  only  O.ftS  g. 
^f  total  N  per  kg^  of  which  only  dAXi  g,  was  prolcid  N,  and  yet  he  maintained  hia 
N-e<|ainbriuin. 

In  tb«'  fn*tinjt  experiment  on  Succi  (ef.  pa«e  95)  from  the  twenty-first  to 
Ibt  twenty-fifib  day,  0.09  g.  N  |>er  hg.  were  excretcNl  in  the  urine,    hi  view  of  the 

IloQK  ahalinenee  here,  it  is  likely  ihiit  tbi*  nilr>«en  onmr  exclusively  from  pm- 
feid.  Thi«  being  tnie,  it  follows  that  tlw  boily  can  be  brought  into  Xn^tini- 
Itbriuro  with  a  supiily  of  pruteid  n'bich  is  considerably  less  than  the  amount 
dmtrtiyed  in  the  later  staRes  of  stanration. 
In  experiments  on  doirs  with  food  deficient  in  proteid  but  otherwise  snflR- 
ctcne.  I.  Munk  and  Kownbeim  observed  from  the  sixth  to  the  einhth  week 
OBirard  mrioua  aevere  disorders  in  the  health,  which  finally  led  to  the  death  of 
tlw  animaU  fome  weeks  later.  Acctinlin);  to  this,  a  diet  poor  in  nitrogen  wlu-n 
taken  rtinlinu'iiisly  u-t>nl<]  be  ilnn^-rous  t^'cn  if  N-equilibrium  were  establi.shed. 
The  cxtwrinients  of  Jjiircrnw>s  stnnd  squarely  oppo<^*d  to  this  view.  They  show 
thai  a  doK  ran  live  much  longer  than  eiirhl  weeks  on  such  a  food  without  exhibit- 
ing any  diftinrbancc  to  the  health,  providi-*!  he  reeeire  his  proteid  in  the  form 
[of  frrah  taw  meat.  It  appears,  therefore,  that  in  the  earlier  experiments  it  was 
not  the  defici'-ncy  of  nitrogen  itsi-If.  but  the  unsuitable  character  of  the  food 
whieh  was  the  cause  of  sicknetw  and  death. 
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C.    HETABOUSK  AFTER  IITGESTIOll  OF  FAT 

If  an  animal  be  given  as  much  fat  as  he  uses  from  his  own  body  in  fasting, 
the  latter  is  entirely  replaced  by  the  fat  in  the  food.  This  will  appear  from  the 
following  observations  on  the  dog  (Voit)  : 


EXPIRIMEXTS. 

Food  in  K- 

N  excreted, 
g.  per  d»y. 

Tut  deBtroyed, 
g.  per  day. 

Heufftt, 
g.  per  div. 

No.  1 

ioOfat. 
100  fat. 

8.0 
B.3 
5.4 
4.5 

ltl> 
85f 
98) 

100  f 

98 
07 

"  a 

'*    3 

'•    4 

When  the  supply  of  fat  is  considerably  greater  than  the  amount  of  fat 
destroyed  in  starvation,  its  metabolism  is  increased. 


B 


EXPUUHENTB. 

Food  Id  g. 

N  excreted, 
g.  per  day. 

Fat  destroyed, 
K  per  day. 

Kean  fat, 
g.  per  day. 

No.    1         

350  fat. 

11.6 

5.7 
4.7 
7.7 

96 

108 
103 
167 

"      3 

lOS 

"     8 

"     4 

At  the  same  time  the  total  metabolism  becomes  greater;  in  No.  1,  table  B, 
it  amounts  to  1,209  Cal.,  in  No.  4,  to  1,780  Cal.  The  increase  is  forty  per 
cent.  Quite  similar  results  have  been  obtained  in  similar  experiments  by 
Eubner. 

The  following  table  contains  a  summary  of  experiments  by  PettenkofEer 
and  Voit  on  the  total  metabolism  after  feeding  meat  and  fat: 


EXPERIMKNTB. 
No-    1- 

2 

3 

4 

5 

6 

7 

8    

0 

Food. 

N  excretml, 

Fat  destroyed, 

Total  in«tab- 
olfnn. 

N   g- 

Fat,  g. 

g- 

e- 

Cal. 

17.0 

20.4 

61 

1.106 

17.0 

ioo 

16.7 

75 

1,144 

17.0 

200 

17.6 

116 

1,-558 

51.0 

, 

51.0 

24 

1,552 

51.0 

30 

49.5 

27 

1,542 

51.0 

60 

51.0 

51 

1,807 

51.0 

100 

47.7 

3.5 

1,560 

51.0 

100 

49.3 

18 

1,451 

51.0 

ISO 

49.5 

40 

1,663 

We  have  here  two  series  of  experiments  on  the  same  animal,  the  one  with 
17,  the  other  with  51  g.  N,  and  with  varying  quantities  of  fat  in  each  case. 
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In  the  first  the  de^tnictioti  of  fat  inrroa.««ft  slijthtly  with  the  amount  of  fat 
fM,  111  ihn  wcniul  we  see  that  Ihu  aihlilimi  t»f  ;ill-]5n  p.  fiit  to  l.-'ifM)  p.  meat 
(51  g.  N)  iacrcifcses  Qtiithtir  the  fat  destruction  nor  t)ie  total  metaholiriin. 
)Iet«MJ:trn,  therefore,  is  not  influcnred  by  feeding  fat  to  anything  like  the 
ume  extent  that  it  is  by  feeding  pratcid. 


m. 


D.    METABOLISM   AFTER  IlfGESTIOIl  OF  CARBOHYDRATES 


I 


onler  to  decide  to  what  e.itcnt  rai'bnhydrntL's  fed  have  partieinated  in 
the  Inlal  metaltolism  it  U  not  suftiriml  to  <hrterinine  mprely  the  >»  and  C  in 
Ibe  exrrela;  for  we  have  in  thtve  data  aUme  iin  nieiuis  of  tellitijr  how  much 
V  belonpnji  to  the  nonnitrogenous  culwtaniw  eaine  from  cBrlmliyrlmtej*  and 
hew  tnoeh  /mm  fat.  But  if  iht'  0^  absorbed  in  the  same  periotl  In-  determined 
«I».  it  ill  [Kwsible  to  deride  whether  the  non nitrogenous  mctaliolisiti  has  been 
jnainly  from  carltohyd rates  or  mainly  from  fat. 

I      Wh*n  carlmhydmteji  ninne  are  hurried  (lie  ratio  between  the  voJumes  of 
'Cariwa  dioxide  excreted  and  oxygi-n  al)sorl»ed — i.e..  the  rcjtpiraton,'  quotient 

t-TT-l— is  )uM  equal  to  1;  when  fat  alniie  is  burned,  it  is  only  0.71.    The 

•monnl  nf  ('<),-eliminatinn  and  O.-absorption  ervrre-iponding  to  the  proleid 
<U*Kln>yed  can  be  calculated  without  any  dilliculty  fmm  the  N-excretion.  But 
a  certain  quantity  of  r«rt>on  dioxide  eliminated  and  of  oxvgen  absorbed  re- 
main"  to  Im?  acrountf«l  for  by  the  oxidation  of  fat  or  enrliohydrale  or  iKiJh. 
Now  if  the  re-piratory  quotient  i»  lii;;ti  (near  1)  wo  know  thai  earlKdiydrateft 
hi»e  participated  to  a  great  extent,  liul  if  it  is  low  (near  0.J5)  we  know  that 
fat  luM  entered  largely  into  the  mctaholigm. 

ijo  far  only  brief  experiments  performed  by  the  use  of  the  fnec  mask  have 
brm  made  along  thi«  line.  From  thi^se  it  may  be  gathered:  tbal  on  a  carbo- 
hydrate  diet  tin*  n-hfiiriitory  f|uotienl  incrcai^es  over  that  found  in  fasting; 
that  the  carl.") hydrates,  therefore,  are  attacker]  imme<liately  after  their  ab- 
mrption  fmm  the  intestine;  and  that  in  part  at  least  they  take  the  place  of 
body  fat  in  the  general  metabolism. 

From  these  esperimental  factx  it  has  been  concluded  further,  that  the 
rarhohydrntes  fed  are  all  destroyed  before  the  body  fat,  and  alw  before  the 
fat  in  the  food :  and  the  resultjs  of  all  experimont5  in  which  carbohydratfiS 
■rr  ing«t«l  by  the  body  are  calculated  on  this  basis.  This  conclusion,  how- 
rrer,  U  not  fully  warranted  by  the  facta,  and  in  opposition  thereto  it  might 
be  ar;(rvd.  among  other  things,  that  even  in  fainting  the  body  protect*  it* 
glrc*^m :  and  hence  this  carlwhvdrate  at  least  is  not  all  destroved  hefore 
body  fat. 

The  matter  can  only  be  settled  positively  by  experimenta  covering  a  long 
period  of  lime,  in  which  either  the  amount  of  oxygen  consumed  or  the  amount 
of  he*!  lost  from  Uie  body  shall  be  determined  directly.  Although  unfor- 
tunately we  have  do  experiments  of  thi?  kind,  t<till  in  the  calorimetric  studies 
nf  Atwater  there  are  some  very  vaUiaWe  results  which  permit  m  to  take 
pf^ei'tly  definite  ground  with  regard  to  ihiw  questinn  (cf.  page  IM).  Aj^ 
mentioned  hefore,  the  total  transformation  of  energy  in  thew  experiments  was 
both  calculated  indirectiv  from  the  heat  of  combustion  of  the  food  and  ex- 
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creta,  and  determined  directly  from  calorimetric  measurement  of  the  heat 
given  ofE  by  the  subject  of  the  experiment.  In  all  the  experiments  carbo- 
.  hydrates  were  given  in  fairly  large  quantities  and  in  the  calculation  of  the 
heat  values  it  was  presumed,  in  conformity  with  the  current  view,  that  they 
were  burned  first.  Now  the  experiments  actually  show  a  very  close  agree- 
ment between  the  calculated  and  the  observed  heat  production.  From  which 
it  follows  that  the  theoretical  presumption  is  a  correct  one,  and  that  the  total 
quantity  of  carbohydrates  absorbed  is  burned  before  the  body  fat. 

Especially  instructive  are  two  series  of  experiments  in  which  both  the  total 
calories  supplied  (2,490  and  2,489  respectively)  and  the  quantity  of  proteid 
were  the  same,  but  where  the  proportion  of  fat  to  carbohydrates  was  consider- 
ably different  in  the  two.  In  the  one  experiment  94.8  g.  fat  +  247.2  g.  carbo- 
hydrates were  administered,  in  the  other  40.3  g.  fat  +  375.2  g.  carbohydrates. 
Direct  calorimetric  determination  of  the  heat  production  yielded  in  the  first 
2,085  Cal.,  in  the  second  2,079  Cal.,  showing  that  the  ratio. of  carbohydrates  to 
fats  within  these  limits  at  least  is  a  matter  of  indifFcrence  to  the  organism. 

Lot  us  see  now  in  which  direction  the  addition  of  carbohydrates  will 
influence  the  total  metabolism. 

Experiments  of  Pettenkoifer  and  Voit  along  this  line  gave  the  following 
results : 


EXFBHIIIBirTB. 

N. . 

17.0 
17.0 
17.0 
51.0 
51.0 
61.3 
61.2 

Food  Id  k- 

o.  orN 
excreted. 

DeBtro/ed 

g.ot 

Totet  meUb- 

Fat. 

4.6 
10.3 

ii'.h 

C«rb. 

379 

i67 
182 
167 

iT2 

379 

Fat.' 

Carb. 

C*I.' 

No.  1 

7.3 
7.2 
20.4 
19.3 
18.3 
18.0 
51.0 
50.3 
50.7 
60.0 

103.0     1 
-56.3     1 

6!.0     1 
-19.9     1 
-10.9 
-14.0 

24.0     ' 
-38.1 

36.0    ' 
-113.9     1 

379 

167 
183 
167 

172 

379 

1,1«4 

"     2 

i;soe 

"     3 

1,10« 

»     4 

998 

"     5 

1,117 

"     6   

1.030 

"     7 

1,552 

"    8 

1,649 

"    9 

1,893 

"  10 

1,78S 

From  Experiments  1  and  2  it  appears  that  the  total  metabolism  after 
ingestion  of  carbohydrates  (and  a  little  fat)  i.s  not  greater  than  it  is  in 
starvation,  that  carbohydrates  therefore  can  completely  replace  the  fat  de- 
stroyed in  starvation.  From  the  series  with  500  g.  meat  (17  g.  N)  no  influ- 
ence of  the  carbohydrates  on  the  total  metabolism  is  indicated.  With  1,500 
g.  of  meat  addition  of  172  g.  carbohydrates  produces  only  a  slight  increase 
(less  than  ten  per  cent),  with  1.800  g.  meat,  379  g.  carbohydrates  produce 
no  increase  at  all. 


'  A  —  sipn  means  that  fat  has  been  stored  in  the  bodv. 

»  1  g.  N  =  26.0  (25.98)  Cal.,  1  g.  fat  =  9.46  Cal.,  1  g.  carbohydrate  =  4.1  CaL 
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E.   SUMMARY  AND   DISCDSSIOR 

It  appears  from  the  ex puri menial  facti*  broughi  tojjctlier  under  dmeioDS 
|lo  Dr,  that  thi!  ingt-.-'tion  <if  protcHl  alwayiJ  r«isi>.  im^tttlHili^iii  (o  a  itin- 
iWe  vxWnt,  whereas  ingestion  of  fat  and  oariKilijJrateK  vilht^r  producus 
no  incKue,  or  at  tnoi-t  only  a  flight  one. 

The  experimcuts  of  Pet toiikoffer  uud   Vwil,  from  which   tht-Bc  coiicluHiunH 
'are  (irawn.  wore  ant  carried  out  in  a  rnntinuou^  nrrinK,  iitid  it  in  pftsBiblo  thai 
[the  FPsiill  wa^  due  in  part  to  the  chuiiged  L<oriditii>n  uf  the  animal.    The  follow- 
ing «rrit«  by  Ruhnrr  I4,  therefore,  more  dccisiTe.  bocause  the  exjwrimciiLs  came 
inimediJttely  Aftt.-r  the  other: 


I 


F 

».«. 

iBfCfMA. 

Urtabotttm,  CbI. 

F.I.  %. 

CmA.,g. 

CkL 

TntBl 

P«Fks. 

7 

» 

M.i 

W 

411 

i.m 

1.440 

1.072 
M7 

963 
«77 

40.8 
44. tf 
86.» 
40.9 
89. e 
43.3 
4S.1 

ta  fatttiiiif  (dayn  'i.  4,  Q  and  8)  the  average  metaholioni  was  40.4  Cnl.  per  kir> 
of  Ixnijr-writfht;  on  ffvdiutf  5tt.S  ft.  X  it  wa»  44.^  ('al.  \ivt  kti.:  with  KIT  )t>  fat, 
40.9  <'al.;  «nd  with  411  k.  t!arh<»h,vdrate,  42.S  Cnl.  The  pen'entape  in<"P<'a?e  over 
the  fa:>tinif  tnclnholi.sm  was  therefore  11.B  for  proteid.  l.i  for  fat.  and  4.2  fnr 
carbohydrate — Alrhoitiib,  ««  i«  evidtmt  from  the  t«Ue.  the  heat  value  of  the  food 
in  all  raw.'«  wuH  niniiwt  exactly  the  same. 

Bill  anulher  serieii  ou  fccdiiiK  1.^00  f;.  meat  Itubner  found  qu  iucreaac  of 
S1.3  [MU-  eeiit  urer  tbu  fa«liuK  mvlabuiistn,  uud  du  fveding  tS3  ?.  lard  or  450  %. 
caHxihydnitrft,  an  inemaac  of  5.1   |ier  cent. 

Tb*  re«ultA  of   IVttenkoffer  and   Vott  arc  abundantly  confirmed  b;  theie 
aurv  tvcent  experiments. 

I  In  t*xplanAlion  of  the  fact  that  increasing  the  supply  of  fond  produces, 

certain  cin'umxtnncej^,  an  incrcai^'  in  the  nit'tulinli.'iin,  we  ini^hl  .lujipow 

lither  (hat  the  ffcenxn  store  of  combustible  material  itM^lf  inducett  a  more 

[cttriwivc  oombn^tion.  or  that  the  increaw."  of  total  metalMilism  is  duo  to  tho 

|vork  of  di^i'stion  or  to  mus-ular  nioveuients  etc.    The  matter  can  l>e  definitely 

nttletl  only  by  etperimenta  oa  men  whore  the  voluntary  movcraonta  can  be 

itirdM.' 

Both   Magntifi-T^FTy  and  Koraen  have  made  anch  ejtperimenta  and  hare 

►Hown  that  a  elearly  marked  imrca.-'e  in  the  melaMJsm  of  the  realing  body 

[jiiaki^i  i|4  appearanei'  only  after  in^'e(ltio^  nf  proteid.     This  inrrea--*,  however, 

acarcrly  to  he  oseril^ed  to  (he  wnrk  of  digestion,  hut  ia  rather  tlie  exprew^ion 

>f  a  nptrini  prnpfrlii  (what   Kuhner  calls  "specific  dynamic  action" — Rn.] 

)f  prott-id  to  inten-sify  the  mplal>"li)*m  indopcndpntly  of  maicular  moTcmenls. 

Nrrerlhcluas.  it  should  not  be  o-'^crted  that  the  work  of  digestion  causes 
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no  increase  ^f  (Combustion,  for  H  !a  evident  thai  the  contractions  of  the  (rant 
ami  inte^iiliinl  wnlU  us  well  a-^  the  secretion  of  the  glnmis  n*preseut  disjiiia- 
ilativL-  prooet«t'i^,  lakiiig  place  wilU  the  liberation  of  kinetic  energy. 

The  negative  etfect  of  fat  or  of  curb*jiiv(i rates  on  the  total  metalwlisrn  may 
be  explained  in  one  of  two  wave:  either  the  work  of  dlgKstirig  them  ih  too 
Email  to  produce  a  distinct  me.  or  the  eonibitstiou  in  other  parts  of  ttie  bod|H 
than  tin.'  digestive  organs  is  correspondingly  reduced.  ^1 

But  ihis  would  apply  only  in  case  the  Iwdlly  movements  were  suppn-BWHl 
as  much  as  possible,  \Vc  know  from  the  subjective  feeling  of  improved  eapac- 
ily  f'lr  muscular  work  after  eating  and  from  an  inrrcjised  tonus  nf  the  muscles 
rcjiultinfi  fmrn  the  rhtl'  in^etdion  of  foifvd.  that  the  amount  of  rnetaholism 
may  well  Ih?  imreased  by  the  foods  named,  if  voluntarv'  movements  continue. 
It  is  evident,  however,  that  puch  an  increase  wo:dd  l>e  wholly  independent  of 
the  kind  of  food,  aai  would  he  only  iudircctly  connected  with  tho  act  of 
ingestion. 

If  the  food  bo  of  «uch  a  quality  or  quantity  aa  to  make  unuHUJtl  dcmaudft 
Hp<»n  ihp  nrganH,  the  work  of  dijrestion  may  cause  a  eonsidernhle  increase  in  the 
mi'(iibiil!-(rn.  Thus  in  one  of  Rubiier's  exiMrinifnts  in  whifh  '2(>-30  p.  bctna 
were  f«l,  thf  motaljoliiim  rose  t«n  per  et-ril ;  und  in  an  experiment  "f  St«Kiiu«- 
l^jvy  wliL-n-  SHX)-1,(KH)  g,  of  bonai  were  fed  ihe  absorption  of  ojt.vBen  increaswl 
twenty-four  to  thirty-three  per  cent  diirinjc  the  firflt  aix  hiiurs.  [.ikewiee  after 
ndmitiistrution  of  t^nlitie  pun^atives.  Mering  and  Zunti!  nbtterved  a  diatinet  ria 
in  the  metabolism  due  to  inereased  muscular  activity  of  the  intestine. 


] 


F.    HETABOUSM   AFTER    IHGESTIOH  OF  ALBtTMOSES,  FATTY   ACIDS, 
GELAXra,   ALCOHOL,  ETC. 

K<rw  that  we  have  became  arqiiaititfd  with  the  meiabnllttm  after  iofre^tion 
of  paeh  nf  the  three  principal  kinds  of  organic   fond.stuff«,  we  «hall  eotmider 
briefly  the  food  valnn  of  some  substaupcs  closely  related  to  thcro.  which  either 
are  formed  in  the  cnurae  of  diKetttioii,  or  occur  more  or  less  commonly  in  o 
ortltiiury  nrliclen  of  diet. 

1.  The  diKestion  of  proteid  pusses  throuRh  a  number  of  different  sta: 
(Chapter  VII).  ll  will  lie  of  iiiti-rest  hen;  lu  inquire  whether  the  subetuncvs 
repreiipntin(r  rhese  different  8tn|[G8  are  themstelves  all  of  equal  value  for  the 
nourishment  of  the  boily. 

If,  with  n  coiindtnt  quantity  of  fat  nnil  f^arhohydrnte,  an  animnl  Ik*  fciven 
meat  on  ont'  day,  and  on  another  the  »o-e»]led  prutoalbuniose  fonuwd  in  pmteid 
dii;e»tion  so  that  in  both  eases  he  receis'es  the  aazne  quantity  of  nitroRea,  the 
N-excn?tion  and  the  X-retenlion  exliibii  no  differenees  whatever  in  the  two, 
Thii*  albnmose.  therefore,  possesses  the  same  fond  value  ns  proteid  (Blam). 
HeteroalbumoBe  and  [teptone  behave  quite  differently.  They  have  the  power  to 
ivplace  proieid  tu  h  eertaiit  extent,  but  it  appears  that  they  cannot  maintain 
the  body  in  N-equilibrium.  The  reason  for  this  dimbtlevit  ii*  Itiat  certain  earbon 
nuclei  of  the  proteid  molecule  which  occur  in  protoalbumose  are  wanting  in 
hcterimlbumo'te  and  peptone.  In^'OKtiputiona  on  the  conatitution  of  ihe  different 
imMluct^  of  pnilcid  digrslion  liave  xlmw!!  in  fact  that  the  ffroups  which  yield 
tjTosin  and  indol  do  not  occur  in  heteroalbumnw.  Since,  Hiiparently,  the  aro* 
mulie  iiroup»  are  not  built  up  in  the  body,  we  can  readily  undenitand  wliy  betero- 
albumose  aiono  does  not  have  the  full  fimd  value  of  proteid.  iiuwever.  we  an 
not  justified  in  coueludini;  from  this  that  n  part  of  the  proteid  ingested  becoi 
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of  Ie«  raliu^  in  the  pm/syns  of  tligtstion,  for  it  may  well  be  supposed  Uiftt  oil  tha 
rfi^MtiTe  phmIui-U  takvii  tOR<-tlier  are  of  mure  sei'viire  in  m«^talK>liHiu  than  nnt 
BJo^e  otM-v  c«U-Q  olunu, 

S.  On  few  phyRiulotrical  questione  have  opinions  chuiii^et]  so  much  us  on  the 
food  vitlue  uf  KL-Utiii.  It  wu»  uiilv  sui)i)0!>i'd  thai,  frvlnlin  in  the  moi^t  imiKirtaiit 
foo(^  cobstilutmt  of  im-at,  bocau«e  it  nlon*.-  cuiild  U;  dissoived.  Then  the  pendu- 
lum 8WUUK  to  the  opposite  eitreme,  and  it  wan  claimed  that  Kclutiu  it)  of  no 
food  Tslue  whatever.  CoutUiucd  iuvcsli^tiuu  has  shown  that  both  views  were 
equally  uwntrawn. 

Since  ^latin,  like  protcid,  ia  not  complotely  oiiidizod  in  th»>  body,  its  ph.vaio- 
lo^^al  heat  valu*^  is  leas  than  that  ilelennim-d  dirt^-tly  by  the  t-ulohmoter,  One 
gTum  of  asb-frw  gclatia  yields  to  the  body  :j.Ha4  Cal. — i.  e.,  iil.ii  Col.  iwr  ]  «.  of  N. 

Vyit,  Oerum,  and  others  havt*  found  that  in  its  rt}mbustion  in  the  hi>dy 
gelatin  9pnn*a  protcid  lo  a  considerable  extent,  aetiiip  in  this  way  mueh  more 
poiverfuUy  than  equal  quantities  of  fat  or  of  carboh.vd rotes  (see  page  120). 
Gelatin  cannot  eompletely  replace  proteid,  partly  at  least  beoAuw  it  lacks  the 
tyrotia  and  indol  irroupft.  But  by  feediiw  jtelatin  the  supply  of  protcid  can 
be  Tcduced  considerably  without  dislurbin^r  X -equilibrium.     Thus  by  feeiline  a 

•  quantity  of  proteid-froe  gelniin  sufficient  to  rover  one  hiimlrpil  itml  one  per  cent 
of  the  daily  requircmetits  of  energy  Krummacbt^r  found  that  the  protcid  destnic- 
Ikm  wai  reduced  by  about  thirty-seven  per  cent  of  the  amount  deatroyed  in 
a*«rTBt(on. 
B^  t^tlurlin  has  recently  shown  that  when  the  full  cnlorific  requirements  of  the 
Hfcody  are  made  up  with  nonnitrogenoua  foods  (of  which  a  large  |>cm-nlajfx'  is 
Hcftrbnhydmtes),  nitrogen  equilibrium  cnn  be  mninlained  in  dogs  and  man.  if 
HtVf>-ihirds  of  the  starvation  requireroenlH  for  nitrogen  are  supplied  in  the  form 
Bof  irelatin  and  the  other  one-third  in  the  form  uf  inent. 

Kauffmann  alno  liai*  made  n  moRt  beantifiil  pxperitnrnt  on  hiTUix'If.  He  cs- 
taUished  nitrogen  equilibrium  on  a  diet  cnntaintng  42  Cnl.  p<>r  kilogram  with 
ttiaeib  m  the  anuree  of  protrid  nitrogen.  Tie  then  replaced  the  ca<u>in  with  a 
Bklsrain  of  irelalin  and  certain  amino  acids,  tyrosin,  cystin,  atnl  tr^'ptuphan, 
whicJi  are  lacking  in  the  gelatin.  The  mixture  contained  exactly  the  name 
qttaoUty  uf  nitrugwu  as  the  casein  and  was  distributed  as  foUowsQlUelntiu.  ninety- 
ibm  per  cent:  tyroein.  four  per  cent;  cystin,  two  per  cent;  and  tryptophan,  one 

Ijter  eenl.     Perfect  equilibrium  was  maintained  for  a  period  of  five  days. — Kd.] 
Gelatin  spares  fat  and  carbohydrate  as  well.     Thus  a  d<iff  fed  on  300  g.  of 
svlatin  loat  only  15  g.  proteid  and  3*^  g.  fat  from  hi"  body  per  day.  while  on  the 
eighth  day  of  starvation  the  same  Hog  lost  2D  g.  pnfteid  iitid  102  g.  of  fat. 

Gelatin  and  gintin- forming  subAlflneea  (which  behave  ju^t  like  gelatin. 
Etzinger  and  Voit),  play  but  a  subordinate  part,  however,  in  the  normal  nutri- 
^rlion.  Tbey  occur  in  the  ordinary  articles  of  diet  in  relatively  small  quantities, 
^Bad  to  this  extent  have  exactly  the  same  importance  as  an  e(|u»l  quantity  of 
^HHhntL  When  gelatin  is  fed  in  larger  quantities  to  an  nninial.  he  soon  refuses 
^^1  Cat.  It  must  then  be  given  forcibly  by  hand  and  soon  causes  indigestion. 
[Kinffmann  complains  of  great  languor  and  general  indisposition  for  work  dur- 
King  his  Kelaliu  experiment — effects  which  he  ast-ribes  to  the  lack  of  tlie  extractive 
^uubMtanceM  neccMsry  to  give  the  diet  the  pnjper  Savor  and  to  stimulate  the 
^pMrroa*  oystem.— E».] 

™  3.  Fat  is  split  up  in  digestion  into  fatty  acids  and  glycerin  (cf.  Chapter 
VTI).  The  former  when  fed  alone  have  exactly  the  same  effect  on  metabolism 
a*  a  eorre« ponding  quantity  of  fat.  I.  Munk  placed  a  dog  in  N-equilibrium 
with  SOO  g.  meat  and  TO  g.  fat.  Then  iuiitead  of  the  fat  he  gave  the  fatty  acids 
derived  froa  70  g.  uf  fal:  thu  animal  continued  in  N-cquilibrium. 
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It  hai  boon  shown  that  glycorm,  whioh  constitutoa  about  nine  per  cent  ofj 

fut  Atid  has  a  heAt  value  per  f^rani  equal  to  about  half  that  of  fat,  cau  be  hunied| 
IQ  the  body  und  cuti  spunf  both  fat  and  protvid. 

4.  Cellulose,  which  forms  80  lar^e  a  |)urt  of  the  Tegctable  fooda,  is  acledl 
upon  by  the  di^csiivu  tluida  uf  ihc^   lower  aniinaU  (snnil,    Hiedertnann;  carp, 
Knauthe) ;  but  in  herbivorous  mummalM  il   i«  broken  up  only  by  the-  fermvtita- 
tire  nctioii  of  Bactcrin,  the  end  protluctB  beio^  carbon  dioxide,  marsh  gas,  butyric 
acid,  and  acetic  acid  (Tapjteinrr). 

It  may  be  regarded  m  cstobliahed  that  etllulosc  is  dissolved  to  some  exlentj 
also  in  the  inteflline  of  man.  From  Iwenty-five  to  nixty-thrrp  per  rent  of  thai 
cellulose  of  earrolo,  cv]<rr>',  cabbage  and  lettuce  i»  decompoiMxl  in  the  intesttiiicl 
Cookinff  appears  to  favor  it»  solution.  The  eelluloso  in  "  whole- wheat  "  bread] 
also  is  dissoIvL-d  in  eonsielerable  quantity  (Hultgron  and  LanderHren >. 

NitTOffen  occurs  in  planiw  in  n  number  of  nonproteid  cninpoundH,  which  with 
the  exocptinii  of  ais)>uru^iQ  (iimino-succinic  a^'id)  apfiear  to  have  no  real  food 
value.     The  ease  of  aspara^in  is  not  without   its  practical  interest,  for  this  sub-^| 
stance  is  a  rut}ii_'r  abundant  coni^tituenl  of  It'iiuminose  seeds,  oalmcJil  and  jiotatoe*.-^^ 

5.  It  18  perfectly  certain  that  alcohol  is  burned  in  the  body.  Of  the  total 
amount  abt^orbcd  from  the  stoinuch  only  about  two  per  cent  is  eliminated  from 
the  body  uiiehan(^-d;  the  rest  is  oxidixed  to  carbon  dioxide  am!  water  (Atwater 
and  Rencdict). 

If  alcohol  were  destroyed  in  the  botly  without   protecting  other  aubatanocaj 
from  destnictioii,  the  COj-exerel ion  oufrbt  of  course  to  be  eorrenpondinffly  in-j 
creased.     But  thin  is  not  the  ease.     Experiments  by  Ziuitz  and  Berdex  and  by' 
Gep[>ert  show  that  a  doste  of  aleohol.  so  louir  a»  it  is  nf>t  larpe  enoudh  to  intoxi- 
cate, produces  no  appreciable  increattt'  in  Iho  consumption  of  oxy^'n,  and  only 
an  insifcni^ennt  inrrcaac,  if  any  at  nil,  in  the  eitfretion  of  carbon  dioxide. — By 
meana  of  exp^L-riinciilM   iu   which  the   totnl   mclMbolism  as  well  as  the   heat   loM 
were  determined  directly,  Atwater  and  Benedict  were  able  to  demonstrate  also 
that  aleohol  enn  replace  the  nonnitroEcuous  f-^udstuffe  to  the  full  extent  of  itB 
heat  value. — Keplaciiii;  a  certain  ((uantiiy  of  fut  by  an  iFoilynamic  rinantity  of 
alcohol  produce*  at  first  a  distinct  infrrnee  in  the  destruction  of  proteid.     If; 
the  experiments ^ere  interrupted  at  thiri  lime,  the  result  naturally  would  indi-j 
cale  Ihni;  alcDhul  d<ie«  not  save  proteid,  but  rntlicr  inten.>4ilies  its  decomiKusition. 
If,  however,  the  ex  peri  men  Id  lie  cciiilinue<l,  the  destruction  of  proteid  falls  a^ain 
and  comes  back  to  the  original  level.     The  body  therefore  munt  become  necua- 
tomcd  to  alcohul,  before  tbc  latter  can  ojuticiiw  Its  protcid-spariug  power  (Meu-. 
mann,  Clopati). 

But  alcohol  cannot  play  any  considemblc  part  in  the  normal  nutrition  of  I 
man.    The  quantity  which  one  unaccustomed  to  its  use  can  drink  without  symp--] 
toms  of  intoxit.'iitinn  is  ver>-  small— only  IB-S.I  k>     With  a  heat  value  of  7  CaL( 
per  (f..  this  would  amount  to  112-175  Cal. — that  is,  estimatinff  the  requircmentai 
of  metabolit^ni  at  2.WI0  Cal.,  4.5-7  per  ocnt  of  the  total  encrjry  niicbi  be  supplied 
in  the  form  of  alcohol.     Only  in  verj*  exccpiiona]  eases  cnn  alcohol  be  of  any 
practical  importance  as  a  foiudstufF,    In  diwasea  accompanied  by  reduced  power* 
of  digestion,  it  appears  to  be  of  great  service  as  a  direct  food,  quite  independently 
of  ita  effect  U|)un  the  nervous  system. 
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§5.    INFLUENCE   OF   MTJSCrLAR  WORK   ON   METABOLISM        ' 

II  was  apparent  from  Lavoisier's  nriginol  exporimcnts  on  the  respiratory 
exchange  that  combustion  is  increased  by  muscular  work,  and  invesliga^lons 
carried  out  Kince  that  time  have  established  the  fact  beyond  all  doubt. 
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When  Liebi^,  villi  much  greater  cU>Rrii(.'si«  timtt  hud  Ihwd  attained  up  to 
hu  lime,  had  made  out  the  rhemical  <-oinpO!»itioii  of  fnodi*  and  of  the  tissues 
of  tbi*  (lead  Imdy.  lit-  fct  himsolf  iho  task  of  dpicnuininK  what  fooiUiufTs  aro 
comumod  m  the  work  of  the  I'mly  and  wliat  siguificaat-e  in  ^.'cnoral  tlie 
different  groaps  of  organic  ffwdatuffs  havy  for  mataholism. 

Since  orjmnisms  arc  dLatinguisht'd  chemically  hy  the  fact  that  thev  onn- 
ttin  |»n>tpid,  lit*  ajij^vinuHl  that  the  activity  of  the  body  and  espccinlly  of  the 
muscle}  !■!(«»  place  n(  the  fxpcni«e  of  the  living  protoplafm.  and  that  this 
in  torn  is  built  up  from  the  proicid  in  the  food.  The  nonnilrogcnous  suh- 
stuioaK.  he  said,  are  u»w(l  in  the  formation  of  heat  in  the  body  by  direct 
oxidation,  and  thus  by  taking  jiO!<f«e«flinn  nf  the  oxygen  thify  prolrci  proteid 
from  ttA  liarmftd  effects.  On  thin  basis  the  organic  fooilsttiffK  were  classified 
m  tUnte  forming  or  phstk.  and  hfal  forming  or  respiratory. 

The  second  propMtitton  of  this  hypolhesiB  ran  bt'  tUsimscd  of  iniiiiedintely. 
Erprriment  has  ahown  definitely  that  decijmpoaition  of  nnnnitroppnous  food- 
Btttffi  i«  not  inaugurated  by  OJtygien  but  by  the  aetivity  of  the  liftsues.  The 
depcnd«^nr«*  of  hfat  production  upon  the  tiervoua  nyslern  in  evidence  of  this  fact 
(of.  Chapter  XIV). 

If  thia  vieir  that  hodily  work  takes  place  at  the  expense  of  the  living 
nilMtance  of  Ihe  nm^^cIeA.  were  correct,  one  would  L'.x[H.'ct  that  work  would 
be  ucom|Mn)ed  by  an  increased  nutpnt  of  nitrogen.  But  in  the  (rrcat  majority 
of  the  experiments  made  to  test  this  point  either  no  increase  or  only  a  very 
tJi^kt  one  ii  found  on  working  days. 

The  following  experiments  by  Voit  on  tiie  dog  will  serre  aa  an  illustmtion; 
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The  fume  result  was  obtained  by  Pettenkoffer  and  Voit  in  their  expenmenta 
on  man.  The  sulyect  was  required  to  turn  a  wheel  with  a  crank — a  kind  of  work 
Ifj  which  he  waa  acciiiilomed — the  wheel  beirifc  "O  loaded  as  to  demand  about  the 
Mune  expenditure  of  energy  a»  hia  customary  wtjrk  demanded,  lie  worked  nine 
boura  of  the  twenty-four.  Faalinff  and  re^tintr.  be  ffarc  off  12.3-12.5  g,  N; 
faating  and  working.  ll.T  g.  On  a  moderate  diet  at  rest,  he  eliminated  16.5- 
J7.4  g.  S  and  at  work  17.0-17.4  r.  \.  Here  likewise  there  it  no  increase  in  th« 
daily  excretion  of  niirufren  due  to  work. 

Firk  and  Wi^licenuB  made  a  very  important  experiment  on  them  "elves. 
Ther  aseended  the  Fanlhom  in  Switzerland,  a  mountain  whieh  has  an  altitude 
nf  1.95B  melen  above  the  lake  at  its  base.  Sevent»-en  hours  before  the  ascent 
they  ate  their  last  nitrogenouB  meal;  the  accent  itaelf  lasted  six  houn*  '        '"^ 
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hours  later  they  &tc  the  drst  nitrogcuous  food  after  the  cxpcrimont.  The  uriua 
was  collected  from  the  bEpitiDrng  of  the  asceot  until  seven  hours  after  )t«  coo* 
elusion,  ami  was  analyu^d  for  uilrogeu.  Pick's  urine  contained  5,74  g.  N  and 
that  of  Wiiiliceuus  S.55  r.,  repr^eiiting  a  work  tiquivnlfiit,  eulculatcd  from  tho 
heat  vaiup  of  tht:  prutcid  burned,  of  63,378  and  63,280  kilofrrBni-nielcrB  respec- 
tively. Tick's  weiprhl  wns  045  kff.  and  WiBlioenus's  wa»  "U  ks. ;  hence  the  amount 
of  external  w(irk  oftuaHy  done  in  lifting  their  hodics  l,S5fl  uieter«  was  129,099 
and  Hfi.fi^fl  kg.  m.  rcspectivelj".  The  work  done  Dt  the  expense  of  proteid  there- 
fore could  not  have  been  more  than  one-hfilf  that  expended  merely  in  lifting  their 
bodies,  not  t/iking  into  account  the  work  of  tlir?  heftrt.  of  llie  resi>irfltory  muAclea 
and  of  the  other  muscles  constantly  in  uhc  in  maintaining  equilibrium. 

But  it  might  he  arjrHe<l  that  the  ircrcajsed  oxcret)f»n  nf  nitrogen  corre- 
sponding to  the  work  tif  a  ^i*''^"  tl».V  would  tie  eliminated  from  the  body  the 
following  day.  This  idea,  first  expressed  by  Liobig.  was  tested  by  .Vrgutingky 
and  Krunimneher  on  themselves,  and  was  reported  by  Ihera  to  he  corr«!t. 
The  force  of  llieir  experiments  ie  considerably  diminished,  however,  by  the 
fact  that  neither  of  the  authors  was  in  nitrngenons  ecjHilibriuni  diirinjj  the 
lesfting  dayt<.  and  thiit  their  food  was  much  too  poor  in  abtiiolutc  quantity  of 
nutrient  subManccs. 

Moreover,  Krummaelier  himMtlf  has  shown  elflewhere  that  when  plenty  of 
energry  irt  supplied,  the  inereariiM]  c)ut|>ut  of  nitniRi'n  on  the  day  foUowinR  work 
is  quite  insiijnificant.  Thus  a  man  enpajred  in  hanl  Inhor  received  daily  80.3  g, 
proteid  (^  14..")  g.  tiitrofriii).  iTo  g.  fat.  and  'M-i  g.  ctirbohydrate  (=5,701  Cal.). 
Durinff  rest  while  on  lliisi  diel,  lie  ••  xoreteil  on  the  avtirHRc  V'\AG  ^.  N  iu  the  urine 
and  fa-e^ja.  Then  followi-d  a  workday  on  which  he  did  402,*KK>  kg.  m.  of  external 
work,  and  excreted  M.Oo  g.  X.  The  output  on  the  two  following  rcRt  days  was 
13."0  and  ia.4'i  g.  N  respcetivcly.  Only  on  the  first  of  the  two  was  there  any 
incPOJiM!  over  the  eliminntion  previous  to  the  workday,  and  then  it  waa  nnly  0,24 
g.  N.  This  experiment  also  shows  in  a  particularly  beautiful  way  that  muscular 
work  is  not  done  at  the  exiK-nse  of  proteid  when  a  sufficient  supply  of  nonnitro- 
genous  food  is  given.  The  external  work  of  the  one  djiy  was  equivalent  to  945 
Cal..  whereas  the  total  metabolism  of  proteid  on  the  workda.v  plus  the  ejtcesa 
on  the  day  following  (14.05  g.  K  -f-0.24  g.  N  =  00  g.  proteid)  was  equivalent 
to  only  :jn4  Cal. 
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But  we  are  not  to  siippn«e  that  proteid  cannni  serve  as  the  aouroe  of  J 
muscular  energy.    For  in  extreme  cu«es  when  there  i*  no  fat  and  no  carbo-  fl 
hydrate  at  the  disposal  of  the  body,  if  muscular  work  is  done,  it  can  only 
be  at  the  eiijense  of  proteid. 

Pfliiger  fed  a  large  dog  for  a  long  time  on  nothing  but  meat  which  contained 
as  little  fat  and  enrbobydratc  a*  possible.  The  dog  waa  already  very  lean  before 
the  beginning  of  the  experiment,  so  that  there  was  no  stored  fat  and  glyct^^n 
to  draw  uputi.  From  lime  to  time  he  was  compelled  to  do  severe  work  vaiying 
in  amount  from  T3.072  kg,  m.  to  109.60^  kg.  m.,  and  since  the  fat  and  cart>o- 
hydrate  in  the  food  were  far  from  sufficient  to  produce  this  amount  of  energy* 
the  woric  must  hove  been  done  largely  at  the  expense  of  the  proteid. 


It  i«  perfeelly  easy   to  show   lliat    the  nonnitrQ(}enouft  fnofUfiiffn  fnmifh 
ettfrgtf  for  mu.'*culflr  work.     Tbe  excreltoa  of  carbon  dioxide  riises  almoat 
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Immedtate]^'  an  w>on  a^  work  lieginn  and  ha((  lieen  known  to  increase  fn>Tn 
27  iti  131  g.  per  hour,  Tlu're  is  uo  corresponding  increase  in  the  ftxcMion 
of  N.  at)  we  hara  seen,  hfinee  this  excess  of  CO,  must  represcot  an  increased 
oxidation  of  nonailrogenous  food. 

In  the  experiments  of  IVttenkoffer  and  Volt  on  men,  the  daily  amount  of 
fat  deslrovod  in  fasting  rose  171  p.  as  the  result  of  work,  and  upon  an 
ordinsn'  diet  it  roise  101  g.  The  experinifntft  of  Atwaler  have  yielded  similar 
rc«alt«.  In  one  of  his  cubjecU  the  total  metaholisnt  during  retit  amounted 
to  2.357  Cal.,  of  »'hieh  -12!)  camo  frnm  proteid,  and  1,92S  eanic  from  non- 
nitrogenous  food.  With  severe  iriiiHtuIar  work  the  irietaholiKni  rotw  to  tho 
menn  value  of  5.119  Cal.,  of  which  463  came  from  proteid,  and  4,657  from 
nunnitrugenuun  foo(]. 

Bjf  pamllcl  cxperimenta.  in  whioh  on  the  one  hand  chiefly  fat.  nnd  on  the 
other  chiefly  enrboh^'drate^  were  fed.  ZuntB  lia«  shown  very  detiiiirnly  that  the 
nmaclea  can  uw  one  kind  of  nonnitroRenoUH  food  as  well  as  thv  other.  The  same 
also  from  Atwater's  experinienU. 
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W<r  can  aay,  therefore,  that  the  nui&ele*  are  ahle  to  perform  their  work  at 
the  expense  of  all  ihree  clasnes  of  organir  fnodxiuffs.  that  they  prefer  the 
noonitrogenous  HubBtunces,  and.  at;  it  apfHiars,  they  dmw  upon  the  ejirbohy- 
drates  first.  Thus  ihe  nne  group  or  the  other  in  utilized  aeeording  to  the 
kind  of  food  eaten.  The  speeilieally  i-arnivriroiin  aniTniili<  perf')nn  their  mus- 
cular work  at  the  expense  of  proteid  aiiil  fat;  the  tierliivorou!:  anitnalH,  espe- 
riftlly  our  domesticnted  farm  animals,  at  the  expense  of  carbohydrates,  and 
in  view  of  the  large  quantity  of  earhohydratcs  eaten  by  man  the  latter  is 
pmhalily  true  of  ihe  hutyan  liody  iiXm. 

It  ift  of  »pectal  importance  for  the  ])hy''iology  of  genera!  inetaliolitni  a« 
well  ufi  for  the  phvrfiology  nf  the  mupcle  itself,  to  determine  how  large  a  part 
of  Uie  inon>awd  tram* formation  of  energy  accompanying  muscular  activity 
tjUcea  the  form  of  external  work. 

For  thij«  purpofte  the  respiratory  exchai))te  h««  been  deierminwl  both  (lurinff 
rest  nnd  while  nn  accurately  measured  quantity  of  work  was  beintr  iMTfi-mied. 
Snbtractiun  uf  llie  carbon  dioxide  cxcretioti  and  the  ox.vRcit  absorption  iluriofc 
rest,  fmm  (he  rorre^ipoiifiinK  fariora  during  work,  hIiowx  an  absolute  iiiereaae. 
whieh  ft'pncsents  llie  known  quantity  <if  external  work.  Tn  thi.i  vray  one  can 
readily  obtain  tho  amount  of  meiabolisim  which  1  kg.  m.  of  work  rcprctMtnt^  and 
tbeae  Gjpjm  can  bo  reduced  to  heal  equivalents. 

Such  dotcrmi nation.')  have  been  made  in  '/.xinir^n  laboratory  in  Berlin,  and 
it  hu  been  found  that  the  dog  uses  O.OflT-O.OOrr  Cal.  to  do  1  kg.  m.  of 
cdrtema)  work  and  the  honw  0.00r>9  Cal.  at  the  !iame  kind  of  work  (walking 
nphill).  And  oinee  theoretically  I  kg.  m.  =  t».n<)-i:irp  Cal..  or  I2S  kg.  m.  =  1 
CaU  we  conclude  that  in  theM>  animals  aliout  one-third  of  the  actual  energy 
denloped  id  rauiicular  work  ap[Xfar^  as  effective  external  work.  In  man  the 
he«t  tqniralent  of  1  kg.  m,  of  work  with  tho  lower  extremitiw  (mountain 
dimbtng)  is  about  the  name,  namely  0.0072  Cal.;  so  that  one-third  of  the 
total  energy  developed  in  our  own  muKcle^  also  is  utilixod  a.*  external  work. 

Even   the  sligliteet  muscular  moveroenta  lufluunce   tho  uietalMliam  per- 
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ceptibly,  and  if  one  wishes  wholly  to  exclude  tliis  cffopt  it  is  npcossarr  vol- 
untarily to  suppress  all  iriuHcular  inovrmcnte  and  tensions.  Under  such 
fircumataacL^s,  that  i«,  lying  as  tiuietly  ai*  pos^itle,  Johansson  found  tlie 
COj-excrotioii  in  himself  lo  be  about  2U  g.  per  hour.  Ordinarily  wliilf  awake 
wo  never  olwervi?  tntiwrular  rc«t  m  complete  a^  lhi«,  and  henee  wlicn  Johaniiwjn 
merely  lay  resting  in  bw!  without  spwial  eiTort  to  suppress  niuseular  movL*- 
mentK,  his  00,-excreIiori  row  to  Z->  g.  per  hour.  In  general  we  may  «iy  that 
the  respirtitory  exchange  in  a  man  not  dning  any  real  physical  labor,  and  yet 
not  in  ab:^olutti  rest,  its  about  forty  per  cunt  gruatiir  tlum  in  bleep. 


§  6.    IHFLXJEHCE   OF  THE   SURROUNDITTG   TEMPERATURE   ON 

METABOLISM 

The  rold-hlfXMlcd  and  warni-hlofHled  animalH  rear^t  very  differently  toward 
changes  in  tempera  lure.  Wlierea*!  in  the  latter  the  respiratory  exchange,  which 
may  be  taken  n.-;  a  relative  e\pres-!inn  of  the  total  mctalinliHni.  rtne-rt  when  the 
temperature  falls,  and  falls  when  llie  temperature  ribes,  in  the  former  the 
r»>Kpirfitory  Gxcliange  varie*  directly  with  the  external  lemperature.  The  fol- 
lowing iwperiniental  re-suHs.  after  hi.  Sehullz,  may  be  given  as  an  example 
of  the  reaction  of  cold-blooded  animals: 


TanpMvtuFB  of  tbe  fttilmal  (tros).    *C. 

COyoutput  |ier  kg.  per  huur. 

1.0-1.8 

0. 008-0. 015                               1 

S.-l 

(1.067                              J 

K                      14.6-16.4 

0.06tM),08S                    ^M 

■                        fi8.0-«S.8 

0  ]r,n-a                    ^M 

■                 ss.3-sa.fi 

0.5G(M>.6;U                    ^M 

P                               34.0 

0M9                    ^M 

"- 

^* 

It  was  first  established  by  experiments  from  Pfliiger'i  laboratory  that  when 
the  pxtemal  temi>prfltiire  dcolines  the  motabotism  of  wnrm-hlnorlM  animala 
increasi'--*  over  iIimI  ebaracteristie  of  a  iiHHiiiini  toiiiperattm\  Hi/  inrrfimng 
the  heat  production  the  body  proteet*  itself  against  the  heat  loss  occasionod 
by  the  cooling.  Converwly,  however,  it  is  to  he  observed  that  a  rixe  of  the 
body  Innpt'rature  also  produces  an  increase  in  metabolism;  which  chows  that 
the  t^nnrgy  of  the  oxidation  proc«**ei*  in  the  warm-bbx>ded  also  a»  well  u«  in  Ibe 
roM-bbxHlcil  iiiiimalK  incrrajtcs  with  the  temperature  of  the  organs.  There  is 
here  a  fundamental  agreement  in  the  ba.sal  propertitw  of  living  ti^wues  in  all 
animals.  The  increane  of  metabolicni  accompanying  a  decline  in  the  external 
temperature  is  to  be  considered  a»  a  later  acquirement  on  the  part  of  warm- 
blotxleil  animals — B!>  something  in  fact  which  has  been  gradually  evolved  ID 
the  speiiftl  interest  of  a  cmstant  tcmperatnre  (Pfliiger).  ' 

How  exact  thia  adjustment  of  metaholiiini  to  external  temperature  may  be 
has  been  most  beautifully  ^hown  by  Kuhner.  as  for  example,  in  the  fnllowing. 
experiment  on  the  dog: 


« 
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Doa  I 

Doa  n. 

KxtoriMl 
•vBiMinusM. 

prr  bi>ur. 

EitrniaJ 

l«mprr*(iir«. 
•C- 

C»l    p*r  kg. 

1         BitTiial 
lc«)|H;raiura. 
■0, 

C»l.  prr  fcg. 
D*t  huur. 

18.8 

u.s 

17.8 
U.0 

78.7 
74.7 
69.8 
07,1 

11.8 
18. B 
IS. 9 
17.5 

40.6 
89.1 

86.0 
35.2 

18.4 
19. S 
37.4 

W.7 
SS.l 

S0.8 

The  following  «xporiTncnt  on  a  grown  guinea  pig  fasting,  h  given  at)  aD 
example  of  the  rise  in  melaholigm  appearing  with  a  higher  body  temperature: 


TMBpwmUm 
ofkolmM. 

•a 


«7.0 
87. S 
87.4 
87.0 


pvr  boor. 


Rxti-nuU 

tMnpaTMiire. 

•C. 


Temperature 
of  antm*!, 

•e. 


80.8 
84.9 
40.0 


37.7 
30.5 


perbwr. 


I 


Th*"  influence  of  food  on  the  rncfaltolidm  «t  diffi'rent  ext<'rna!  temp»'ratHn^.s 
i»  a  matter  of  great  interest.  The  following  experiment  of  foediug  n  small 
dog  with  different  qiiantitie.')  of  meat  is  one  of  the  many  published  by  Buhner 
oa  this  subject. 


1   -»!r" 

CUorl**  prr  )cg.  Mill  twttitlj.four  Itmira. 

n«iv. 

IDO  K.  MM* 
a  M  r«J.  per  kf. 

worn.  UtM 
-  48  CU.  par  kg- 

taog.  XMi 
Bit  CmLftrkt. 

m          15.0 

^^     90.0 

^B  «.o 
^^V   ao.o 

80.4 
88.0 
BO. 9 
S4.3 
58.9 

K.9 
65.5 
5B.6 

77.7 

57!» 
04,9 
08.4 

87.9 

H.e 

78.8 

sa'.Q 

Fnim  ihifi  and  other  experiments  of  the  same  purport  wc  leam  that  with 
a  Hiflivimitly  large  t^upply  of  meat  the  meLaholtam  become>i  ahnoiit  tnilcpi>ni]eiit 
of  the  exiemal  temperature  (experiment  with  'i'io  g.  meal),  whili-  with  a 
liupply  whirb  is  too  low  to  furnish  ihe  calorific  energy  neces.'^arv  even  at  a 
high  teut[KTature,  the  effeet  of  tliL-  Gxterual  t<;niperalure  is  felt  to  the  full 
extent.  This,  in  the  judgraent  of  the  writer,  ^thows  thnt  the  injfeetion  of  pro- 
teid  Iveyond  a  certain  limit  inorcasi-j^  rhe  niela)ui1i.«m  both  nt  a  high  and  at  a 
low  t»*uipi-*fature.  If  Ihe  hi'flt  pro«luction  olitainpfl  in  thifi  way  alone  is  sufll- 
cicnt  to  corer  the  rvquiromcntH  of  the  body  even  at  a  low  tt^miieraturc,  a 
fall  in  the  lemporature  will  have  no  power  of  itwif  to  produce  a  furlhor  rise 
of  mrlalioliMn.  Bui  if  Ihe  rise  due  io  protcid  is  not  auiheieui,  a  fall  in  thn 
i«*nipi*miiir<-  will  force  the  metalKiliiim  up,  though  to  a  lew  degrev  than  when 
no  proteid  had  been  ftxl. 
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The  eUteraiions  of  meiaboliam  in  the  service  of  heat  regulation  do  not 
make  their  appearance,  if  the  influence  of  the  central  nervous  system  on  the 
muscles  be  terminated  either  by  curare  poisoning  or  by  section  of  the  spinal 
cord  at  a  high  level.  This  is  shown  by  the  following  experiment  of  Velton 
on  a  curarized  rabbit. 


Temperature  of  the  uilmaL 
•C. 

Oxjrgen  ftbaorbed.  co.  per  kg.  per 
hour. 

00(  excr«t«d,  oe.  per  kg.  per 
boor. 

88.8 
87.4 
81.4 
38.2 
23.1 

581 
507 
886 

819 

181 

sn 

Ml 
178 

These  facts  naturally  suggest  that  under  normal  circumstances  the  rue 
in  metabolism  here  being  considered  is  due  to  muscular  activity  called  out 
by  the  central  nervous  system,  and  this  is  very  generally  assumed  to  be  the 
case.  But  a  question  arises  as  to  whether  gross,  plainly  visible  muscular 
movements  necessarily  occur. 

In  small  animals,  such  as  mice,  the  bodily  movements  become  very  active 
wben  the  external  temperature  is  (greatly  lowered.  In  d<^B,  on  the  other  hand, 
Rubner  never  observed  any  movements  which  were  directly  occasioned  by  the 
heat  or  cold,  although  he  emphasizes  the  statement  that  at  the  upper  and  lower 
extremes  of  temperature  marked  unrest  was  at  times  to  be  observed. 

In  the  present  writer's  opinion,  it  is  very  difficult  or  probably  impossible  to 
solve  the  question  of  the  part  taken  by  the  muscles  in  the  heat  regulation  by 
experiments  on  animals,  for  there  must  always  be  a  certain  amount  of  muacular 
tension  and  the  like  which  can  scarcely  be  estimated  with  any  accuracy,  although 
the  metabolism  may  be  very  considerably  increased  by  them.  Thus  in  experi- 
ments by  Johansson,  the  CO,-elimination  in  an  ordinary  resting  condition,  lying 
in  bed,  was  twenty  to  thirty-one  per  cent  more  than  when  great  care  was  taken 
to  observe  absolute  muscular  rest.  Hence  in  order  to  exclude  muscular  move- 
ments altogether,  it  is  obviously  necessary  to  carry  out  the  experiments  on  pei^ 
sons  who  are  willing  and  able  to  enforce  the  desired  state  of  relaxation  of  their 
own  bodies. 

From  t!ie  experiments  of  Ijoewy  it  appears  that  within  a  period  of  one  and 
one-quarter  to  one  and  one-half  hours  the  respiratory  exchange  does  not  al- 
ways increapo,  even  though  the  temperature  fall  considerably.  But  whenever 
an  increase  did  occur,  if  the  experiment  was  being  performed  on  an  intelligent 
individual  intrusted  with  the  regulation  of  his  own  respiration,  shivering  or 
increased  tone  of  the  muscles  was  distinctly  evident.  By  maintaining  com- 
plete rest  for  one  and  one-half  hours  Johansson  was  unable  to  secure  any 
evident  influence  of  externa!  temperature  upon  the  excretion  of  carbon  diox- 
ide, although  the  body  was  naked  and  the  temperature  varied  from  H"  to 
22°  C.  Under  Kiibncr's  direction,  experiments  continued  from  four  to  six 
hours  gave,  on  the  whole,  similar  results. 

One  is  likely  to  conclude  from  these  experimental  facts  that  when  mus- 
cular movements  are  voluntarily  suppressed,  the  production  of  heat  in  man 
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tf  for  a  time  iwli'peudent  of  tlic  cAleraal  temperature.  But  sinco,  as  Voit 
ohoved  moot  clearly,  i1k>  human  body  does  undoubtedly  react  againrit  the 
influence  of  a  falling  temperature  by  a  more  active  production  of  heat,  the 
coDclusion  ve  are  to  draw  from  the  e.xperiments  jiiisl  mentioned  if-  rnthcr 
that  rvnblr  muscular  moventents  comIUuU  the  real  cauu  of  increased 
metabolism. 


I 


I 

I 


§7.    BCETABOLISH  II?  AmMALS   OF   DIFFERENT   SIZE 

It  in  evident  that,  other  things  being  c<|ua1,  th(>  total  mctaboIiKm  miut 
fary  witli  Uie  ma»s  of  the  body.  But  if,  in  animals  of  difforcnt  size  the 
metftbolismi  be  calcidatcd  according  to  the  unit  of  weight,  it  proves  to  be 
rfiaiirrly  ifrpater  in  smnll  amvifils  than  in  large  ones. 

TluK  proportion  may  h&it  he  te.'<ted  on  faMing  onimab  because  the  metab- 
olism in  them  ix  coni^tant,  not  being  influence«l  by  the  kind  and  qtinnlity  of 
fond.  The  following  table,  with  the  exception  of  e.\periment  number  one,  ia 
compiled  from  Itubner: 


Spcom. 

Fart  i^T*. 

Wrtt»«.kg. 

per  kg.  at  wHitbL 

CUortv. 

H-«Jtcr. 

TiA  airUb. 

P«r  fcie. 

^^UrtMBTiJ 

Nn.  1.  Hn 

"    8.     -    

-  9.   IUt>bil 

-  10.         "       

"11.  Ouinvft  pif.. 

8-8 

8.10 

1^ 

i8.» 

1.8 

S.8 

1.8,6 

1,8.6 

4.S 

»-8 

•4.0 

80.4 
88.7 
19.9 
17.7 
11.0 
fl.6 
8.1 
2.8 
2.1 
0.50 

O.ftO 

0.17 

o.aj 

0.17 
0.81 

0.14 
0.35 
0.5U 
0.58 
0.51 
O.M 

8.81 
8.28 
8.51 
4.S4 
3.04 
ft.  74 
5.51 
7.40 
4.00 
4.78 
18.88 

31.9 
85.8 
39.7 
44.4 

45.0 

58. H 

ao.fl 

85.8 

89.S 

57.0 

14S.3 

99S 
097 
1.009 
1.185 
1.040 
1.109 
1.054 

740 
1.841 

It  if  fairly  evidt-ut  liiat  sume  vnriutionB  between  tbe  ililTefent  »|ieeic8  of  aui- 
mala  occar,  probiibly  be(!ati!te  the  aivrring  of  ibi'  )h»I,v  and  iwintF  uthor  bodily 
eharacten  arc  not  the  same  in  all  Bpcoic4.  With  tht»  exception,  however,  the 
table  ahuwv  a  v«r.v  iintfitmi  relationship,  the  cnunc  of  which  will  be  apparent  from 
the  followinK  conBidefBtions. 

The  smaller  an  animal  is,  the  greater  w  it»  Kutierfirial  area  in  prnportEnn  to 
it»  volum*  iiiid  wriglit.     Su|)pi^e  we  have  two  hnlU.  the  one.  A.  2  cm.,  tlir  other.  B. 
4  cm.  in  diampter,  ihc  «urfa«-i'  of  A  w  iheii  VZ.tt^  wj.  cm.,  (hat  of  B  .'>ri.'>4  w).  cr 
their  volumes  are  4.1S  and  ^3.49  ce.  respectively.    In  the  smaller  ball  ihe  n 
of  Tolume  to  surface  u  as  1:3.  in  the  larger  iw  1:1.6.     Now  the  animal  bi 
Vmnt  itd  bf«l  rer>'  Innwly    fabout  four-fifth*)  through  the  skin.  unA   the  qnk»^ 
Illy  of  heat    thus  (tivrn  nff  Is  evidently    proportional   to  the  cklU  surfm*. 
onlcr  that  the  tcmiverntiirc  may  remain  eonstanl.  the  pnHluction  of  lifal — i,f 
the  metabolism — must  also  be  proportional  to  ihe  rftirt  surface.     If.  (Wrefon 


I         >  fit  haa  been  shown  ihat  wben  ike  rabtdt's  aan  ara  exolt 
I   •anpUon.— Edl] 
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a  largr-  and  a  ainoll,  worm-blicxKlid  aiiimul  with  fur  of  iht'  Manit!  tbic-kiifUH  are  to 
have  the  same  Ixjdity  tcmpcmture  in  the  eome  atmospheric  temperature,  the 
small  animal  must  prinju^-e  more  heat  in  proportion  to  iu  weiKht  than  ihe  Urtte 
one — i.  e.,  the  iiitaabolisin  pur  kUygram  of  wtight  must  be  greater  in  the  former 
thiiii  IE)  (lie  Utter  i;O.B.:i-ginaan). 

In  the  experimental  pnH>f  i>f  this  relfttiouship  which  Rubner  furuit^hecl  later 
(abnvo  tablo  numbers  3-8).  he  measured  the  superficial  areji  of  the  body  and 
JcuiaUtl  the  iiicUb()Ii.'*ni  per  square  meter  of  the  siirfaee.  It  proved  to  be 
I  same  for  all  the  dogs  regardlcsH  of  eise  (lu»t  column  of  the  table).  The  auimt 
telatioiiship  is  dewunstrable  bIho  for  auimala  on  food. 

TliEit  tin;  grmvinij  orgnnutm  has  a  greater  meUImlism  per  kilogram  nf 
weiglil  tiiati  )ia«  the  adult,  is  evident  from  the  mere  difference  in  (-ize.     But 
experim*Tit  Bhors  further  thnt  when  caleulalpd  per  sc^uare  metpr  of  surfnw,*  fl 
the  luetaboliani  in  jouiiger  indiviilualH  is  higher  than  in  older  onps;  in  other  ^ 
words,  the  vtntahoJism  is  inftuemrd  Oi/  someihiny  pevuliar  to  the  young  hody, 
which  RTVes  lo  kwp  it  at  a  higher  pitoh.  ^ 

Tlie  following  Uible  cniitaiiiss  a  numlter  of  observations  hy  Magnus- lievy  ^B 
and  Talk  in  support  of  this  statement.    They  were  made  on  individuaU  who 
had  not  eaten  for  some  time  and  who  were  foeting  quietly,  lying  down. 


I 


M«LU. 

Fwuuw. 

AOB. 

Tun*. 

WHsht 

per  act.  M. 

■  iirlkoo 

prr  hiHir. 

Aaa. 

TtAM. 

WelKlit 
1^ 

It    COfWi. 
vet  9a.  n. 

•orftiofl 
p«i  bour. 

U 

11.8 
14.9 

18.4 
1D.2 
S0.8 
21.8 
S4.9 
30.6 
Sfl.l 
8A.H 
39.3 
40.0 
49.0 
44.8 
57.8 
57.5 
4S.3-9D.0 

17.7 

17.4 
15.9 
17,5 
17,4 
15.3 
14. 4 

ia.7 

13. B 
13.5 
13.3 
14.1 
14.0 
18.8 
IS. 4 
IS. 9 
11.3 

15.3 
18. S 
24.0 

88. ft 
81. 0 
88.0 

89.8 

40.  a 

42.7 

8l.0-«8,3 

. 

V:,:.\:...\. 

7 

18.7 

t 

u 

15. S 

T 

is!::  ;:::::: 

14.3 

7 

12 

IS  4 

9 

14.9 

U , 

14 

14.0 

10 

13.7 

14 

18 

13  S 

11 

IB. 6 

17-40 

11.8 

14 

I 

17 

4 

1« 

_J 

16 

d 

«»-58 

^ 

The  few  diroel  ohwrvation."  which  we  have  on  the  inial  mr.iahoi\Hm  of' 
growing  children  give  the  same  result,  as  will  bo  seen  from  the  followingl 
summaty : 

'  Th'*  foUowint;  formula  df^viawd  by  Met^h  is  iisrd  in  cnlnilating  th<^  miperfinal  area  oT 
th*  bi>dy  from  Ue  nri^tlit;  A-r^'' W,  where  W  in  the  weighf  in  ^.tms  and  r  is  »  ronslant 
empirirally  di^l*-nnin«l  for  wwh  xniraal  sp«iies.  This  constant  varieB  aomewhat  with  ajie, 
and  for  man  it  hnn  ii  mritn  vidiic  of  12.3,  for  the  dog,  11.2,  for  the  isbbit,  12.9,  for  tbe  rat*] 
9.1,  and  for  tbe  guinea  pig,  8.9. 
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VIS. 

WdcM 

nKUibnllmi 
per  kg. 

Uklurhw 
[ii  i*  buun. 

Ammom. 

u.z 

M.O 
M.O 

aa.i 

38.0 
88.3 
41.0 

».o 

«8.0 

na.o 

4«!(> 
44.0 
93.0 

1,4«» 

1.877 

i.aw) 

1.3»! 
1.300 
1.2.14 
I.321 
1.071 

llellBLi^m. 

m!:::::::: 

Ktibiier. 

tV."'"    " 

Rubiier(noL  in  S-cqiiiUbrium). 
Soii<l(-n  and  Tig«nL<.-dt. 

It 

u 

IliiLiiifr. 

ta 

Itubncr. 

n 

The  rpsultit  nf  Oamfrrr  And  ntliori  on  thr  amount  of  tetnd  tnkcn  hv  chil- 
dren of  (ItfTeruiit  «jfw  gisi;  exactly  the  same  result.  We  give  here  only  tlie 
fi^KA  obtiUDcd  bv  Camerer. 


I 


Hilill 

FBIULB8. 

Tua*                kg. 

OdortM 

per  he 

CktoriM 
PWBJ.  M. 
of  mrfaw. 

Aai. 

OilortM 

pwkit. 

CftloriM 
uf  aunMNi, 

ft-  tt             1      18.0 

T-10             1     34.0 

11-14  ,           1     34.0 

15-18 1     M.O 

17-18  ,      ,           59.0 
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In  infancy,  ti  wav  to  be  expected, 
prores  to  be  much  higher  than  in 
larfice  of  the  body  it  is  dectdL-dly 
(rf-  thi>  fnllovinjt  table).     This  is 
ihi'  nrw-lM)ni  child  flwps  most  of  ilie 
»lJehtlv  developed. 
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the  metaltolism  per  kilof^am  of  weight 
adult  life;  but  calculated   per  unit  of 

less  than  in  children  sttniewliat  older 
probably  connected  vrith  the  fact  that 
time  and  the  (unu!<  uf  its  mueclee  ts  but 
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In  o!d  age  the  metabolism  tytimated  by  the  square  meter  of  sarface  is 
appreciabiy  less  than  in  middle  life.  Whilu  the  COj-exuretion  in  men  be- 
tween the  .ifjes  of  twentj'-two  and  fifty-six  wafs  found  To  lie  U.IO  g.  per  nqutre 
meter  per  hour,  between  iliu  aKes  of  seventy  and  seven ty-scveii  yeors  it  wis 
only  9.18  g. ;  for  w»men  U'twi-cn  tliu  a^es  of  8eventw;u  and  forty  it  was  foand 
to  be  11,75  fi..  bt'twwii  tlte  aju's  of  wvi-nty-one  and  eitjbty-six,  y.7i)  g.  (MngTinn- 
Levy  and  Falk).  The  resuKs  nf  Kklinim  on  raetabfllism  in  the  aged  agree 
perfectly  with  these.  This  author  found  the  mean  of  ten  experiments  on  in- 
dividtiaU  between  i»i\ty-eigbt  and  eightj'-one  years  of  age  to  i>e  902  Cal.  per 
square  meter  of  body  surface  per  day,  while  in  resting  men  of  middle  age 
it  amounts  to  1.071  C'al. 

We  can  say,  tUoreforc,  that  the  age  of  the  intSifidiia}  is  one  of  the  factors 
determining  tlie  inteui^ity  of  iiielfll»olihm.  it  being  greater  per  square  meter  of 
body  surface  during  the  period  of  gTowth  (with  the  exreption  of  infancy) 
than  in  middle  life,  and  greater  in  middle  life  than  in  oEd  age 


g8.  RETENTION  OF  PROTEID  IN  THE  BODY 

In  our  study  of  thy  ilwoni position  of  proleid  in  the  body,  supplied  with 
meat  alone,  wc  found  that  but  a  few  days  elapse  before  the  body  plact^  itself  ™ 
in  N'-etiuilibrium.    The  retention  of  proleul  with  sueh  a  rliet  continues  tliere-^ 
fore  for  only  a  short  time  and  cannot  ri'a<fh  any  considerable  amount.    The 
greatest  quantity  of  "  flesh  ''  which  Voit  was  ahh^  to  lay-on  in  dogjf  kept  on  a 
pure  meat  diet  was  1^365  g.  (=46.5  g.  K).     On  the  average  he  was  unable 
to  bring  alnnit  a  deposit  of  nion;  than  500  p.  (=  17  g.  N).    With  meat  alone 
one  may  keep  an  animal  in  a  uniform  condition  of  proteid  nutrition  whieh 
has  been  attained  previously  in  some  other  way,  but  once  it  iB  lost  he  ctnnot 
reMore   this  condition   with   an  ezcliutivcltj  proteid  dift.  nor  bring  about  ft  ^ 
"dcpofiilof  flesh."  | 

From  his  experirnenti?  on  an  exclusive  meat  diet  Voit  drew  thp  further 
conclusion  that  under  circnmstanei-s  otherwise  the  same,  proteid  is  stored  to 
a  greater  extent  and  for  a.  longer  lime  before  N-oquilibrium  sets  in.  if  thafl 
animal  be  already  fat  than  if  he  be  lean.     In  other  words,  the  fat  already^ 
deposited  in  the  IkkIv  saves  the  proteid  fed  from  being  destroyed  and  thereby 
ptrmits  a  greater  retention. 

We  have  already  «!cn  that  the  N-oulput  c«^uals  the  N-intakc  even  with 
mixed  diet  eomptist.Hl  nf  proteid  and   nonniIrogenou«  »uli»tancc)^     Rut   thC 
^slntction  of  proivid  is  reduced  to  a  L'ertain  extent  by  the  presence  nf  Ibe^l 
N-free  aiihstances :  hence  we  might  expect  that  a  more  extensive  storage  of  j 
proteid  continuing  for  a  longer  time  could  be  brought  about  by  feeding  dod< 
Ditrogenou«  »ubst«nce8  with  proteid. 

Voit's  many  experiments  with  such  combiontionii  show  this  to  be  true.     ItJ 
ifi  erident  from  these  Bomo  experimcnlji.  however,  that  the  saviutr  of  "  flesli "  i«  j 
not  mnch  (creater  with  a  rich  supply  of  meat  than  wiih  &  small  sufiply.     With 
2,000  g.  of  meat  and  250  jr.  of  fat  the  daily  uparing  was  im  g.;  irith  1.000  g. 
meat  and  30O  «.  fat  il  was  I'l"  ij..  while  with  1,SI»0  g.  mest  »tid  2W:»  g.  fat  it 
WB8  140  g^  and  with  1,S(X)  g.  meat  and  ISO  g.  fat,  only  lO  k.    It  is  impotwible  to 
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fonnnlate  any  definite  law  from  theite  cxperiinente,  but  Ihey  appear  to  indicate 
that  a  Iatk*?  dnily  H|iiirinK  of  prolcid  di^peiitlfl  nut  only  upon  tho  abttoliJic  quan- 
tity of  meat,  but  h  heht  nttninpd  whim  ihr.  xupply  af  fat  in  proportion  to  the 
tupply  of  meat  is  rclativoly  large. 

V  But  we  are  concerned  ool  so  much  with  Lhe  conditions  for  a  large  daily 
deposit  of  proleid,  ne  with  tbose  which  ioAure  a  large  aggregate  deposit.  It 
majr  well  be  tliat  with  a  certain  combination  of  mcnt  nnd  fnt  the  daily 
depoeit  of  proteid  would  lie  high,  but  would  cnntiniio  for  only  a  few  days; 
while  with  nnother  combinntion  lhe  deposit  per  day  would  Iw  los*  bnt  would 

»bold  out  longer,  no  that  the  loijil  deposit  would  be  greater  in  this  case  than 
is  the  first  before  K-equilibrium  sets  in. 

It  appears  in  fad  from  Voit'a  obAervalions  that  it  iii  not  the  greatest  supply 
of  pTDtn'd  which  bring?  about  the  grentet*!  total  deposit.  With  1.800  g.  of  meat 
and  250  g.  of  fat  X -equilibrium  apficarMl  in  one  ca«c  after  seven  days,  and  in 
this  time  th«*rv  wiij*  a  lutul  retuntiun  ot  Sr>4  g.  of  "fle^L";  with  the  ttsme  nnimal 
on  500  g.  meflt  and  2Wi  g.  fat,  X-equilibrium  did  not  appear  within  thirty-two 
dajH.  but  duriiitf  thit«  time  not  \(si»  [ban  l.T&l  g.  "  tlcKh "  was  laid  nn.  With 
this  combinalinn  the  storage  of  protpid  was  very  ev(?nly  distributed  ovfr  the 
entire  iioriod:  in  the  first  twelve  day.*)  the  mean  daily  deposit  was  71  g.,  in  the 
_^  folluwiug  ten  days  42  g.,  and  in  the  last  ten  days  &2  g. 

'  In  order  fo  obtain  the  greatest  total  lieponl  of  proteid  in  the  body,  just 
u  for  the  largest  daily  deposit,  it  appears  to  be  Usui,  therefore,  to  give  a  rela- 

■  tirely  large  quantity  of  fat  in  pro|Mtrtion  tn  the  (jiiutility  of  meat.  It  in 
ertdect.  of  cour»e,  that  the  Mipply  of  jinitcld  niiii^t  not  Tall  bcJow  a  certain 
limit. 

The  carbohytiniti'tt  Uiir  the  same  relation  to  the  retention  of  proteid  aa 
do«  fat.  with  the  exception  only  that  their  proteid- itparing  power  h  much 
greater  than  isodynamic  qunntiticv  of  fat. 

This  superiority  nf  earbohydrfitett  is  shown  in  a  rery  stiggcfttivp  wiiy  by  tho 
pzperiments  of  l^nderKrvti,  H«  g^avi^  an  ndult  man  nn  Hlmiint  N-frt^  diet,  oon- 
■irting'  (after  deduction  of  the  low  by  f«-ee»>  of  l.»i  g.  pmleid,  |3H  g.  earbo- 
liTdrBlc.  and  IT  g.  alcohol,  yielding  Bltogctht-T  4&.3  Cnl.  per  kilogram  of  body 
waiffht.     On  tbi»  diet  the  nitrngt^n  excretion  in  the  urine  fell  from  13.8  g.  on 

tihe  day  before  the  ex|>criment  to  3.8  g.  on  the  fourth  day  of  the  experiment. 
From  ttie  fifth  day  on  the  carbohydrates  were  almottt  entirely  excluded,  and 
iint«»d  an  isodynamic  quantity  of  fat  van  given  (a  net  supply  of  'MH  g.  fat, 
U  f.  esrboliydratc.  and  30.4  g.  alcohol,  yielding  altogether  43.7  Ool.  per  kilo* 
ffrsm).  On  this  diet  the  nitrogen  exeretion  in  the  urine  from  the  fifth  to  ttie 
acreoth  day  mse  aa  fnllnws:  4.3,  6.0.  9.6  g. 

B  In  explanation  of  the«e  facts  it  has  been  suppo«*ed  that  carbohydrates  awv 
in  a  laas  stable  state  of  oquilibrium,  owing  to  their  aldehyde  or  ketone  gmupe, 
than  fat  is,  and  for  this  reason  they  are  more  readily  decomposed  and  thus 
protect  proteid  to  a  greater  extent.  Cut  this  can  scar^ly  be  true,  for  as 
Laodergren  h&s  sho«-n.  the  carhohydratcs  exhibit  their  characteristic  proteid- 
sparing  efTect  even  when  they  aire  fed  with  a  considerable  quantity  of  fat. 
■nios  in  an  experiment  with  n  net  supply  (i.e.,  deducting  the  loss  by  tho 
feces)  of  6.3  g.  proteid,  143  g.  fat.  aatl  308  g.  carbohydrate,  yielding  alto- 
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getficr  4T>  Ca.\.  per  kiloj^am,  the  N-cxcTPtion  in  tho  urim>  on  tlio  fourth  flay 
watt  reduced  to  3  g.  The  same  tiling  appears  from  an  oxpiTiinent  by  Tall- 
ijvist.  in  M'hieh  N-e«(uilibriuiii  wtts  recovered  just  as  t'opilv  with  forty-four 
per  pent  of  the  nonnitroj;rnous  energy  suppHwl  by  farbohyilralw  a»  with 
eighty-three  per  cent.  Therefore,  in  the  presence  of  a  certain  minimum  of 
carbohydrate,  fat  exercises  ju«f  os  great  n  X-prntcctinn  ns  an  istKlvnamic 
quantity  of  carbotiydrate.  whether  N  i«  being  buppUed  in  the  food  or  not. 
The  cause  of  thid  we  nhall  dtRcniss  later. 


Wr  have  no  dflaiUKl  rxperimeiilR  to  show  what  roii(iilintis  favnr  the  grreatcst 
total  deposit  of  protcid  under  the  protecting  influence  of  carbohydrates.  But 
considerinfir  that  the  met4ib«)Ii*m  of  pmloid  runs  the  same  with  earbohydrate 
feeding  an  with  fat  feediup,  it  lis  pmbablp  Ihjil  then-  i«  an  uffreement  in,  other 
respects  also  uiid  tUul  the  storage  of  jjroteid  is  Bretitest  when  the  proportion  of 
rarU)h,vd rates  to  pmteiils  in  the  food  in  hiji:h. 

These  resiulls  arc  of  (jreat  practical  importance,  for  they  show  that  it  is  not 
best  t(t  fppd  II  porivalfM'^'nt  or  »  man  in  a  poorly  nourished  general  condition 
with  protcid  to  the  oxclusiun  of  titht-r  frHidi".  Prrtteid  raiuiot  be  deponitcd.  and 
this  means  thnt  the  orpuns  eonnot  be  built  up,  cii  a  diet  c"ni|K>»ied  only  of  pro- 
teid.    Pleuiy  of  fats  and  carbohyd rules  arc  necessary  as  well  as  proteid. 


I 
I 
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It  is  generally  supposed  to  he  rather  difficult  for  the  adult  body  to  Jap  on' 
pruleid,  and  this  is  homo  out  by  the  fact  that  N-equJlibrinm  is  very  quickly 
€«tabli&hi.'d  evL'u  with  a  very  rich  supply  of  proteid  in  the  forxl.    This  Vtehavior 
u  really  what   nne  would  expect-     An  exccjjs  of  proleid   would  of  lUTessily 
edthcr  raise  its  percentage  in  the  fluid?  of  Ihe  bnily   (blcKMl  or  lymph),  or 
would  be  organizcil  into  the  living  protoplasm.     The   upper  limit   for  th«i 
quantity  of  proteid  in  the  former  istate  i^  of  rnurae  soon  rraohed,  and  if  still] 
more  proteid  is  to  he  retained,  it  can  only  Ikj  dejMwitffll  as  protoplasm.     But 
as  V.  Hoewlin  has  pointed  out,  the  body  seeks  to  maintain  its  normal  maisl 
of  living  substanw  within  the  narrowest  limiti  possible;  because  a  dispropor- 
tionately large  ouniiuuiption  ia  aatiooiatcd  with  the  growth  of  cells,  and  with 
this  large  consuinplion   there  goes  an  increased  functional  capacity,  just  a«' 
a  diminitfhed  capacity  accompanied!  a   fiillinij  off  of  living  substance.     The 
body  maintains  an  average,  even  level  of  eihciency  by  keeping  the  mass  of  it«^ 
functional  parts  approximately  constant.     The  opposite  of  this,  namely,  aa^| 
intimalc  dependence  of  the  organism  and  of  its  functional  state  on  the  amount  ~ 
of  protoplasm,  or  a  rapid  fluctuation  in  the  mass  of  (he  body  proteid  would 
not  be  to  the  purpose — i.  e.,  would  I*  less  advantageous  than   the  existing 
arrangement.     For  this  reason  the  body  deatroys  most  of  the  excess  of  proteid^ 
which  it  gets  from  the  food. 
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But.  afl  appears  in  the  tabic  od  the  preceding  page,  with  a  aufllcipnt  excess 
of  calorific  tmerg)-  a  coDiiidernble  storage  of  prolfid  can  be  accomplished  even 
by  the  adult  human  body. 

Kroni  tliis  we  see  that  while  an  cxccm  of  nouriehment  is  of  first  importanrr 
for  the  rvteolioQ  of  proteid.  8till  other  conditious  are  neeei^sary.  lu  adults. 
e«p«oiflIly.  muftcular  activity  exerts  a  very  jrreat  influence  which  cannot  be 
explainctl  solely  by  the  greater  supply  of  ftxid  which  the  working  body  de- 
inaiHU,     This  in  evident  from  the  following  ex|>eriment  by  Caspari. 

A  doR  rcceivcMl  a  cum^tant  ration,  cnntaininjt  2,0SS-2.099  Cal.  ami  25.1  g.  N 
per  day.  IhiriiiR  rest  the  X-b«Ianoe  fur  three  days  was  —  0.5.  4- 1.3.  and 
+  l,i  g.i  then  followi-d  a  working  |>crir>d  of  four  days  with  a  daily  N<balancc  of 
—  1.4.  0.0,  +0.1,  +  l.fi  ff.  A  period  »if  re^t  inserted  nKowoil  a  K-bnl«nce  of 
+  U  g,',  wb«rreuiK>n  th»*  followinn  five  doys  at  work  Rnve  +2.5,  +3.7,  +2.9. 
+  3-5,  +  3.5  g.  At  the  same  time  the  animal  fell  off  in  weiirht  during  the  first 
working  period  from  33.0  to  33.4  kg.,  nnd  in  the  second  from  S2.9  to  32.1  kg.  In 
thia  caae'  ih^re  wai  no  «xceaa  of  nourishment,  and  yet  a  considerable  quantity 
of  ntlroKf^u  wan  reuined. 

To  ("tudy  rnon^  closely  the  rondilion*  far  the  itlorage  of  pralrid  In  the 
growing  iKNly,  and  at  the  luime  time  to  excludi-  the  intluence  of  mere  %vte.  it 
ia  oeeessary  to  compare  the  metalioligm  of  two  indiriduals  of  the  same  size, 
one  of  which  is  grown  and  the  other  t^tilt  growing.  For  thit)  purpose  Soxhlet 
baa  brought  together  the  rwiilts  obtained  by  him  on  a  suckling  calf  flO  kg. 
in  weight  with  thtue  obtained  bv  Hcnneberg  on  a  grown  tihuep  weighing 
45.5  kg. 
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From  facts  cfn(*idenHl  further  Iwck,  we  know  that  In  the  adult  body  the 
mle  is  for  the  quantity  of  nitrogen  excreted  to  agree  rety  closely  with  the 
i|uantity  in  the  food.  But,  a»  the  ubie  Khown.  thiii  iit  not  trtie  in  the  surkting 
cslf.  Hcnrv,  it  fnllow^  that  the  rtmditions  for  the  comhujttion  of  protrU  in 
ihe  growing  body  arc  much  k^s  favorable  than  in  Ihe  adult  IkmIv.  .\nd  max- 
thi»  diffcn>nce  cannot  all  be  due  to  the  greater  ab<v>lnte  quantity  of  food 
for  the  calf,  we  cannot  choose  but  suppose  that  the  cclla  of  the  growing  organ- 
ism fmBte»s  a  upecial  ability  to  appropriate  pn>teLd  from  the  fluidi^  of  the 
body,  and  to  convert  it  into  protoplasm.  More  than  thi«  wc  do  not  know  at 
pmmt. 

Prom  facta  obtained  on  the  dog.  concerning  N'-metaboli^m  with  a  low 
nppty  of  V  in  the  food,  the  view  h&s  often  been  exprewcd  that  in  order  to 
proifH  a  ttorr  of  proteul  onro  obtained,  ax  mnch  proteid  mu4  be  Ingested  as 
VM  necnsary  to  acquire  it.  or  at  lea»t  that  the  5upply  of  calorie;*  mu^t  lie  as 
ynal.     Bui  the  expertmonta  by  Cospari  mentioned  alMve  arc  opposed  to  this 
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conclusion,  and  other  observations  tend  in  the  same  direction.  It  is  evident 
from  fasting  experiments  that  the  body  offers  great  resistance  to  the  disso- 
lution of  proteid  once  it  has  been  organized  into  living  protoplasm  (cf.  page 
97) ;  and  the  following  experiment  by  Siv6n  shows  that  the  body  can  main- 
tain its  status  of  proteid  on  a  very  small  amount  of  proteid  in  the  daily  ration. 

The  subject  was  a  man,  thirty  years  of  age,  whose  ordinary  diet  contained 
about  16  g.  N  daily  (^100  g.  proteid).  By  giving  a  correspondingly  larger 
quantity  of  nonnitrogenous  food,  his  proteid  was  gradually  reduced  to  6.3  g.  K 
per  day.    The  results  are  summarized  briefly  in  the  following  table: 


Smcs. 

Number  of  day* 
In  experiau-nt. 

K-BUppl]r, 
g.  per  <Uy. 

Time  before 
N-equil. 

Total  N-lom 
before  N-equil. 

ToUl  V  MtonA 
during  aertaa. 

I 

7 
8 
6 
6 

12.69 

10.40 

8.71 

6.26 

IdBV. 

1     " 

At  once. 
3  days. 

0.63 
0.84 

2.09 

9.78 

II 

6.04 

Ill 

4.89 

IV 

-0.58 

During  this  experiment  the  body  not  only  did  not  lose  proteid,  but  during 
the  first  three  series  it  actually  gained  20.16  g.  N,  and  even  in  the  fourth 
series  lost  but  0.58  g.  That  is  to  say,  by  proper  adjustment  of  the  diet  the 
supply  of  proteid  can  be  reduced  to  a  very  low  level,^  without  entailing  any 
loss  of  the  body's  own  proteid. 

Recently  several  authors,  notably  Loewi,  have  publiahed  observations  accord- 
ing to  which  the  final  end  products  of  proteolytic  digestion  not  only  can  replace 
proteid  '  in  the  metabolism,  but  are  able  to  bring  about  a  N-retention  in  the  body. 
If  these  observations  should  be  confirmed  in  their  entirety,  the  fact  would  be  of 
the  greatest  significance  for  our  conception  of  the  metabolic  processes.  For  the 
present  we  would  not  venture  to  express  any  definite  opinion  on  the  subject. 


§9.    STORAGE   OF  CARBOHYDRATES  IR  THE   BODY 

In  1848  CI.  Bernard  and  Barreswill  reported  that  the  liver  differs  from 
all  the  other  organs  in  that  it  contains  a  large  amount  of  sugar,  whatever  the 
character  of  the  food.  Some  years  later  Bernard  demonstrated  that  this  sugar 
is  produced  by  the  liver  from  a  substance  difficultly  soluble  in  water,  and  in 
1857  he  isolated  this  mother-substance  as  glycoijrn. 

Qlycogen  is  very  widely  dixtribufed  in  organic  nature  and  probably  occurs 
in  all  animals.  In  the  vertebrates  it  has  been  found  in  almost  all  organs 
where  it  has  been  sought,  wliicli  must  mean  that  glycogen  is  of  great  physio- 
logical importance  in  the  body. 

The  amount  of  glycogen  in  the  different  organs  varie.'*  considerably.  It 
occurs  most  abundantly  in  the  liver  and  the  muscles,  but  in  the  latter  it  is 
to  be  observed  (hat  different  muscles  in  the  same  animal  may  have  a  very 
ditTcrent  percentage  of  glycogen.     Likewise,  corresponding  muscles  on  the  two 


'  For  disctiKiion  of  the  optimum  amount  of  proteid  in  the  diet  see  page  142. 
'  C'f.  also  page  109. 
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bHde«  of  the  body  do  not  have  exactly  the  same  iwrtx-ntages :  henou  it  is  not 
L'ienl  m  anutyze  single  tiiusclca  in  order  to  obtain  the  aiimuDt  of  glycogen 
in  the  animul  body. 

In  \bv  fullowiuK  tabic  arc  brouphl  toputhfr  some  dntn  in  the  fMrct^ntapc  of 
giyc*«rn  in  the  new-born  child,  in  a  dog  afior  a  twcnty-cig-ht  days'  fast,  and 
in  the  frog: 


Om»*m. 

Ifanr- born  child- 
(Omwp.) 

FUUnc  dof. 
\nutw.) 

Pros.    (Atbuualu.) 

Per  ixat. 
1.00-2.15 

o.»*;-i.w 

O.O.V-0.07 
O.ltMMO 

Per  cent. 

4.7B 
0.16 

o.os 

0.01 

8  71 

Viwli 

«Hn.... 

l.OO 

Brata 

ffiiri-t 

o!67 

1,10 

I 


TW  totnl  *|UMiititf  of  ftlyro^en  calrulali-'d  ns  »ufcar  in  Pfiugcr'ii  fasting  dog  n'tie 
;  BSJk  K. — i.  c  1.5  g.  per  kilogram  of  body  weight. 

The  iimotint  nf  glycngrn  in  the  boily  i»  raiised  wnsiderably  by  rifli  feeding. 
lu  a  falti-nwl  goose,  a.s  much  at>  22.2  g.  [Wr  kilogram  of  body  weight  ha* 
Uxu  nkM.TTed. 

From  man;  anab'^'es  of  rbe  org^nn»  of  hentt  atid  rabbtttt.  Otto  \\a*  found  ibat 
tbr  tthiKtlulc  quanljly  of  glycogen  in  tbi-  liver  is  ab«int  half  the  Intnl  qmniMly 
in  i]u-  body.  The  same  aiipears  fnmi  Pdiijifr^  experiment  on  the  fu^iint;  di.>tf. 
Wbi-u  ihcrefon.-  Puvy  found  in  the  dfig';)  liver  uluiie  a  t|u»nlit.v  u{  glymiren 
amounting  to  ~,ii  g.  i>er  kilogram,  it  h  to  lie  ttuppoMi]  that  the  total  quantity 
ib  ibe  animarH  bftdy  wns  about  lb  g.  irt  kilugmm.  P6iiger  lakes  ]1  g.  a*  the 
«Tvnigi'  «nii>nni  i<f  glytnifccit  |>er  kilogram  in  the  dug. 

]u  man  thu  glycogen  in  (hu  liv«T  in  ti»Tiniato<l  at  150  g.,  and  the  total  amuunl 
io  tbr  body  at  3U0  g.,  which  is  only  about  i  g.  |>er  kilogmni.  PoMibly  tfaia  c«li- 
matt'  ia  I'k)  Kiw. 

Ulycogen  if  laid  dovn  in  the  celU  of  the  liver  in  large  flakoji  (  Pig.  -IS). 
It  1»  deposited  in  the  mui«cles  partly  l>etwe«^n  the  fibrillar  and  partly  in  them. 
Il  ift  evident  ihal  glyt^-ogcn  niu!«i  Ik^  fHrun*!!  in  tlu!  tiver  iKM.-anw  not  imly 
■doe*  It  occur  there  in  larget^l  (juautitic",  but  when  aniinaU  previoudy  deprived 
Inf  mf«tt  of  their  glycogen  bv  a  fasting  j)orio<l  are  fed  with  carlmhvdralc*.  the 
liter  iti  the  fir^t  of  alt  ihe  organs  lo  chow  a  storage  of  glycogen.     An  inde- 
pendent fonnation  of  glycogen  iu  other  organic,  and  e)t[>ecia1ly  in  mnwlea.  t» 
not  theri'by  iioludcd.  howwer,  and  in  fact  there  arc  certain  indicatione  that 
[glvi?og»Tj  is  thut:  forinrtl.      For  e.\an)ple:  glycogen  ha."  U*n  dvnion^dralnl  in 
ichick  embrvoB  befon-  (lie  rudiment  of  the  liver  appears,  whereas  the  egg.  Ixv 
llorr  dcvelopmMit,  i«  wiid  to  contain  no  glycogen;  the  glii-cogen  of  the  niH*cIes 
Inf  fowls  prrsvnts  certain  ditTcrenci-s  from  the  liver  glycogen;  again  paralyzed 
innv  Ii-»  ar.'  lo«derI  with  i:lyc*tg<*n.  etc    But  thi*  question  probably  ought  not 
to  U-  r>*ganl"l  a«  definitfly  s+'ltlfd. 


126 


METABOLISM    AND   NLITRITION 


In  view  of  tho  great  variations  in  iht-'  iitTcenlnao  of  Kb'coRen  in  ihe  body. 
if  one  19  to  determine  dirpctly  the  iiidu«-iii'e  of  diffcreiil  fuodtttuffs  on  il«  Htarigv, 
it  i;*  iipces§ary  first  to  dLpriTC  the  nninml.  ns  for  ns  poa.iiblc.  of  oil  its  (rlycogpn. 
Am  appvuns  fnjin  PHuKi*r's  ex]jerinieiit  on  llie  dog  fittj  above,  a  considfrablt 
quantity  of  lil.vctiReii  m».y  rfiimiii  in  Ilii-  Imily  even  after  prolniiKeil  fH&tiuK. 
Glycogen  is  far  more  completely  removed  from  the  IwHly  by  severe  mu«K;ular  work; 
in  fuel  under  *Mr\i  <-iri*umstnnecs  it  wometime^  dlsflppeara  almoet  completely, 
both  from  the  liver  and  from  muscltw.  in  the  LMur«e  of  a  few  hours.  NaturftUy, 
ihc  dTvct  of  muscular  work  is  assisted  by  a  previous  fasting  period.  | 

There  are  a  ^cat  numlior  of  difforenl  sulwtancw  wliich  have  }>cen  claimM 
to  hring  nlmut  an  increase  In  the  pcrecutnge  of  glycogen  in  the  liver.    Amor 


/^ 


.  M 


-^' 


<7, 


/ 


Jf 


'f 


J- 
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Tia.  -45. — Prepknition*  from  the  liver  of  k  man.  nftrr  I-'rrrir.ha.     A,  section  ttiroiiKh  ih"' 
liv«r  mnUkinlnit  (^ycojcpn ;  B.  o^rtton  llirniiKb  tlip  lirpr  »(  a  ■Ua.lMitif,  mlmniil  trr*  at  glj 
Both  prepanilioDs  trcAt«d  with  lodiiiir. 

them  are  several  which,  at  mo«t.  act  only  indirectly,  either  hy  ft imu latin);  the 
liver  cells  to  produce  plyeowen  or  by  diminishing  its  conauitifilion,     We  Khali" 
pass  over  the^e  !*ul)^Uncejt  wild  consider  here  only  the  true  ^/yrwjrn  formers. 

There  is  no  longer  any  doubt  that  certain   carbohydmte.i  ronsHtuU  at 
important  aoHrce  of  glycoiien:  proofa  nf  this  nre  present  on  every  hand.     Foi 
example,  afxor  feeding  wilh  cane-sugftr.  grape-sugar  or  starch,  14.7  per  cenC 
of  glycogen  litis  heon  found  in  the  liver  of  hens,  10.5  per  cent  in  that  of  tl' 
goose,  and  ltj.lt  pL-r  euut  in  the  rabbit's  liver. 

It  might  Iv*  siuppoi>ed  that  the  cnrbohydratoa  hnd  not  contributed   directl 
to  ihtK  Btomite  id  glycogt-n.  but  ibiil  ihey  I'nly  pnttect  glycogen  split  oS  from 
pmleid  from  beiiiE  further  oxidized.     Oito  has  shown,  however,  that  even  if  we^H 
assume  that  the  greatc«l  possible  nmount  of  glycogen  has  been  formed  from  pro-^| 
teid.  thern-  hIwiivs  remains   n    cnsiHerable  exo-w*  which   could  only  hare  fome 
from  carbohydralw.    Similarly  PopicUki  found  that  in  doifs  in  which  an  Eck 
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fiatula  had  bcpti  mudc  between  tho  portal  vein  am!  inferior  Venn  cava,  but  which 
wrrr  otherwise  hrallh^,  from  twelve  to  twenty-four  per  cent  of  tht*  suRar  eatt-n 
vu  excreted  in  tbt'  urine.  At  least  ihU  quantity  thitrt-fore  is  retaint-d  by  the 
liver  of  norma]  aniraaU  (am)  i:^  ronvt-rted  into  Rb'*-*"K^'ii)> 

The  foUowing  earU-'K*'draU*8  at  least  can  serve  an  a  source  of  Kl.vco(rcn: 
^xtmau.  I*>vul<»**<',  Bnlactiiirie.  inilk-su^ar.  cane-fltigor.  mahnsf.  the  last  three  after 
being'  inTprted.  In  this  connection  it  ia  noteworthy  that  the  glyiugfii  coming 
fmm  levulose  i«  also  de-xtrorotatorj-,  IjeruloM*.  thcwfnre,  ia  cither  changed  first 
into  dextrutw*.  or  it  pawMW  directly  into  a  dextrorotatory  irlyooecu:  lU  either  caae 
tbc  ketone  group  of  Icnilwc  is  trausforuuxl  iutu  on  alduhydu  group. 

Many  authors  have  found  a  second  murrr.  of  glyi-ogen  in  protpido.  In  fact 
it  ba«  b«*n  ohwrved  that  the  (]uantity  of  jflycojien  in  the  liver  increa«?«  after 
fenliug  meal  extrartti]  wilh  hniling  water,  fihrin  or  ehemieally  pure  protcid 
ralNUknccs.  I'fliiger  ou  the  other  hand  comes  forward  with  the  claim  that  the 
qoanlity  of  glycogen  demonrttrated  in  such  experiment*  is  not  greater  than 
the  inaxinium  which  han  heuii  ohrti^rved  in  fasting  aninmlt;  nf  thc>  Miine  M])erie>t. 
SchoiidorfT  found  no  increaec  of  thv  glycttgcn  in  (rogs  after  fii'ding  Ihein 
vith  cowin. 

Tbu  pruhletii  hof  been  attacked  also  from  another  aide.  Under  nonnal 
eircumstanccH  sugar  appean;  in  the  urine  only  in  mere  trace*;  the  total  quan- 
tity of  carbohydrate  alworljcd  from  the  inl^vtine  i.i  Ihen-fon'  either  humwl 
in  the  IkhIv,  or  is  ^torM]  up  ufltT  having  been  transfurmwl  into  glvi-oyon  or 
into  fat.  It  i»  only  u-hen  the  percentage  of  angar  in  the  blood,  due  to  a  rieh 
sQpply  of  ptigar  in  the  foml.  exeeeds  a  certain  low  limit  (0.2-0.3  per  cent), 
that  a  pArt  of  the  sugar  \%  eliminated  through  tiic  kidneys  (a/i'mcnfan/  ghjco- 
auria).  In  thi^  remporl  !<tarch  forma  an  exception  to  the  nile  for  tho  carly>- 
hydratcs.  which  i&  probably  due  to  its  relatively  slow  rate  of  digestion,  a 
•adden  ilooittng  of  the  blood  with  sugar  being  thereby  prevented.  But  in 
diahfttn  mfllituA  a*  well  m  after  eamplrU  tiiirjinixon  of  thf  pancreas,  or  after 
poifloninij  iriiK  ptiloriilzin.  the  IkhIv  Ioh-s  tu  n  greater  or  less  extent  either  its 
power  to  bum  carlwhydrateji  or  its  power  to  stoi-o  them,  and  the  urine  under 
theM*  circa mstancex  always  contaiiB  more  or  \t!sg  8Ugar. 

These  facts  have  l>een  made  use  of  in  attempting  to  determine  whether  or 
not  migar  {■*  formal  from  proteid.  Thus,  sugar  npp(*ars  in  th*^  nrinc  in  these 
dLieOMHl  conditinn.4  after  feeding  prnleid.  ami  if  it  ran  U'  Khown  that  thi* 
sugar  actually  comes  from  proteid,  we  siioutd  have  proof  that  under  some 
drcoTO^tancft*  at  l^^ast  glycogen  can  I»e  formed  from  proteid.  For  the  sugar 
fannetl  from  proti'id,  as  well  ns  any  other  sugar,  could,  from  what  we  hare 
aeen.  be  changed  into  glycogen. 

It  is  a  matter  of  great  moment  in  these  experiments  tJi  dncide  whether 
more  sugar  appears  in  the  urine  than  can  be  accounted  for  by  the  glycogen 
alrMwIy  deposited  in  the  body  at  the  beginning  of  the  experiment.  Pfliiger, 
who  recently  has  subjected  the  observationa  on  thi."  jiubjoct  to  n  searching 
criticism,  takes  t>M?  view  that  no  proof  ha.s  thus  far  Iw-en  given  Kir  the  fonna- 
lion  of  sugar  from  proleids.  It  appears,  however,  that  this  is  going  somewhat 
too  far;  for  in  many  of  the  experiments,  to  explain  the  quantity  of  sugar 
appearing  in  (he  urine  ok  derived  from  the  Ixidy  givoogen,  it  would  lie  tieces- 
to  suppose  that  the  ooimal  at  the  beginning  of  the  experiment  had  htul 
10 
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its  maiimum  percentage  of  glycogen;  but  this  can  scarcely  Imve  been  the 
in  all  the  cxi>eriiiii-nt8. 

[For  example,  Luak  and  hie  cn-wnrkcnt  have  nhnwn  that  pmdiicing'  phloridzia' 
<liabctc8  in  fueling  dogs  may  cuutto  the  proteid  motabulism  to  rise  A3'^  to  560 
per  cent.  They  have  aIso  sIiowd  that  in  these  diiibeilu  dotfs.  wlietbcr  faiitttitr. 
or  fetl  on  mrnt  ulonr  nr  im  fat  alone,  no  ni<in?  fat  is  IvuniKl  thiiii  in  the  »nnie 
dog  when  hr  is  normal  and  fasting.  Thus,  lu  one  expi-riment  u  dug  weighing 
11  kg.  burned  on  tliR  second  fa.<ttiiig  dn;  S0.19  g.  prr>ti>id  and  55.87  g.  fat  with 
B  total  of  608.81  Cal.  Made  diabotic.  he  loet  on  the  fifth  day  39.4  g.  of  dextrose 
in  the  uriuc.  He  burned  on  thJa  du.v  67.38  g.  )jn>teid  and  51.15  g.  fat,  a  total 
of  405.77  ChI.  The  (■alnrips  lost  in  the  urinary  RUgar,  thprefope,  are  very  exactly 
compcmotod  for  in  the  incrt^ancd  proteid  mctiibolitfm.  Since  this  dog  had  rc- 
pcivi'd  only  Hfig,  of  fflt  nn  fnod  in  t\if  »vvot\  tiays,  if  is  of  courso  impo93ih1<?  that^ 
the  great  amount  of  sugur  in  the  urine  should  have  come  from  glycogen  ntored 
iti  the  bod^-  Ccf.  u1«u  page  12S>.    It  ntust  have  come  largely  from  proteid. — £d.] 

Recently  the  question  of  a  final  conversion  of  fat  into  ghjco^fin  ha»  been] 
actively  discussetl.  Aa  proof  nf  this  ca,ie?  of  diabetes  occurring  nnlurally  ofj 
produced  artificially  have  Lcea  cited,  in  which  on  a  carboliydraiu-free  diet  tlw] 
quantity  of  sugar  in  the  urine  wa^  too  largo  to  be  accounted  for  by  the  proteid] 
dustruved. 


The  first  question  to  be  asked  in  this  connection  is.  bow  much  sugar  can 
proteid  yield?  In  a  number  of  cxporitncnlrt  on  dogx  wilb  paucrealic  diabt-tes, 
Minkon^ki  found  tho  ratio  nf  N  to  dextrnae  in  the  urine  to  be  1:3.8;  in  phhv 
ridxin  dinbt-tes,  an  v.  jJuring  ha.»  shown,  the  ratio  miiy  be  ]:•'>.'  Kemembcring 
that  for  ererr  1  g.  N  in  the  human  urine,  on  the  average  0.72  g.  O  are  climi-' 
nated  by  tbu  same  chuiinel.  und  that  pruidd  vuntuiuu  3.28  g.  C  fur  erery  gram 
of  N.  the  carbon  n'ninining  in  the  body  which  might  go  to  form  sugar  miuld 
amount  to  2,66  g.  (.1.28-0.72)  for  enfh  gram  of  X  ingi^Mted.  Since  dexlroac  is 
forty  per  rent  oarWn,  2..'ifi  g.  O  would  correspond  In  ri.4D  g.  dextroBC  and  lienoel 
the  utmost  yield  from  proteid  alone  would  be  6,4  g.  dextruse  for  each  gram  of  N.I 

In  Qi^cr  to  prove  a  formation  of  glycogen  from  fat  it  is  neccsiiary  there-] 
fore  that  the  proportion  of  dexlroin?  to  N  in  the  urine  should  be  {rroater  tlian 
l;.4  to  I.     [Xow  hmk  \\m  vivrwii  that  in  ptiloridzin  diabetet;  in  dogs  and  in 
the  most  acute  form  of  dialwtcs  mollitua  the  ratio  it!  fairlv  constant  at  3.fi5 
to  1 ;  and  nobody  ha*  ever  positively  observed  a  ratio  so  high  a?  fi.4  to  T. — Kd."]  ^_ 
For  the  prctfcnt  then  we  must  say  that  fat  is  not  to  6**  rrrt-oTifd  among  Iht^M 
stfurcrs  of  ghirfigon  or  sugar  in  the  lunly.    On  the  other  hand  it  ifi  fairly  certain  " 
that  glycerin  is  u  niothcr-sub»tauee  of  glycogen. 

Proceeding  on  the  assumption  that  fat  ia  not  a  producer  of  glycogen.  Londer- 
gren  has  endeavored  to  L-xploin  the  ability  of  curbohydraies.  mcniioned  at  paguj 
121,  lu  Hparc  pn>t<'id  to  n  gn-ater  extent  than  di->e.s  fat.     In  his  opinion  the  hcMljrJ 
has  a  specitic  i\v<h\  for  carbohyd rales.     If  tliey  are  nut  supplied  in  the  food,  they] 


'  fin  the  cxperimenLs  n(  I^usk  aiw)  nthcm  a  nttin  »»  high  »»  this  is  only  obtHined  imme-j 
diately  Hft«r  the  injwtion  of  phloriduD,  when  ttiere  U  a  prelimiiiaiy   sweepir^  out 
sugar. — Ei>.] 
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must  he  formed  from  pmlrid;  hpnre  the  incre>aee  of  proteid  destruction  when 
Mirbiihjjrnto*  arc  oxcludE-d  from  the  (Hcf.  Since  in  «uoh  expfrimcnls  on  man 
the  X-exrreiion  roae  dome  S  jr-  P^r  day,  the  tlaily  requiivmfiit  of  (■arbuli.ydrat^ 
wuald  amount  tu  sbuul  Si  g.  (5X0-25^^31.351  proU-id  CbL  ^  carbuhydnite 
Cat). 

g  10.    STORAGE   OF   FAT  IN   THE   BODY 

Voit  laid  special  »lrvita  upon  pn>ti-id  as  the  most  importiuit  source  of  the 
fat  whirh  Ih  siorvtl  in  the  btirly.  t'sinp  th^*  ratio  of  N:C  in  prnleid  ns  found 
by  Voit  and  PrltnikcifffT.  rhcir  cxprrimfnts  on  the  stnte  of  oquilibrium  ortually 
ikbow  that  a  mnsidorablr  portion  of  fh<*  C  iiifrr-Dlod  in  live  form  of  protpifl  was 
ivUtinrd.  finer  the  fortOHtion  of  gl.vcoKcti  whk  nvvpr  wry  large,  Voit  and  Pet- 
t«iknff(-r  n-cre  fully  justified  in  conoludi nji  tlint  some  of  the  C  was  rctaiuL-d  as  fat, 

Hul  tbu  iKTinjiitmitr  of  C  in  pri.>tuid  iet  not  so  high  as  VoiL  and  Petlenkoffer 
npposrd.  (^nlpulatinr  their  rpsult-t  on  the  basis  of  1:3.98.  the  ratio  of  N':0 
DOW  ftrupraliy  aw^ptcd.  a  very  difTcrwit  conclusion  is  reached.  PfliiRor  ha» 
■hoirn  that  tnHlend  of  57.S-58.5  ft.  of  fat,  which  Voit  and  PeU^okofler  tjKtimated 
as  the  amount  ston-d  in  the  dc-tr  as  the  result  of  fc-edinp  J.iXX)  b.  of  meat  per 
day.  tbt-  newer  ratio  alloui^  otdy  11.8-13.6  ff.,  and  thai  with  1,500  g.  of  meat 
prarlically  no  fat  CMiiId  have  been  stored.  We  are  cfimpplled,  thrrefore.  to  con- 
clude that  iheM*-  (.-xpcriniont^  contain  no  proof  of  a  Iranufonnation  of  proteid 
into  fat. 

Later,  howi^er,  Cramer  obtained  in  the  cat  a  retention  of  C  from  exceBsive 
mrat  fccdinir  which  he  r<'«arded  as  n  safe  indication  of  the  production  of  fat 
from  proteid.  The  cat  tacreied  J  1.2  g.  of  N  per  day  and  .11,2  g.  f/  per  day.  But 
mlcuUting  the  O  from  the  N  on  tho  hanis  of  the  ratio  of  1:3.2  would  glv« 
M.T  R.  C  as  the  amount  ingested.  Since  only  31.2  g,  of  this  was  eliminated  in 
the  excreta,  4.5  g.  of  C  per  day  must  hove  beeu  ri.*tain«i.  and  in  sert-n  days  this 
would  amount  lo  31.5  g.  According  to  Crpmer'a  subsequent  annlytiin  the  ani- 
mal's body  contained  not  more  than  40  g.  of  glycogen  with  18  g.  C,  The  remain- 
der of  the  31,5  R.  of  C,  namely  i:i,5  g.,  mitAl  therefore  have  bf^^n  laid  on  nf*  fat. 
Unfortunately  this  experiment  is  quite  too  nhort  and  Bt«ndti  too  much  ninne 
lo  be  acreptcd  as  a  positive  demonstration  of  the  point.  (Grubor  accomplished 
a  fplenlion  of  81.1)  g,  C  in  a  fiimilar  experiment  on  a  dnf,  but  the  amount  of 
g!jn-iiK<*i>  wna  n<it  determined.) 

Tlie  other  ground  on  which  Voit  bawd  his  idea  that  proteid  is  an  important 
warre  of  fat,  was  the  degeneration  of  proteid  under  some  circumelances  into 
fat.  and  the  great  production  of  fnt  in  the  larva™  of  Howflica  living  exclusively 
on  meat.  .\«  regards  the  former,  we  now  know  that,  at  least  in  the  case  nf  the 
phosphorus  poitioning  of  the  frof;  (Athana^iu).  the  supposed  fatty  degeneration 
is  in  fact  an  intiltration  of  fat  transported  fn>m  the  fatty  deposits  of  the  body 
and  deposited  in  the  cells  instead  of  a  formation  in  situ  by  the  destruction  of 
proteid.  Whether  alt  forms  of  fatly  degeneration  are  to  be  explained  in  the 
name  way.  has  not  yet  been  settled.  Lindemann  has  found  that  the  fat  of  the 
degenerated  cartliae  ti<i<iue  is  different  in  some  eiwentini  respects  from  the  fat 
drpntited  eUewhere  in  the  body.  »*'  nboiit  the  kidneys  and  under  the  &kin.  This 
fact,  bowcver.  does  not  eonxtitute  strict  proof  against  an  eventual  Cnnfportaliwt 
of  fat.  for  it  is  easily  conceivable  that  the  fat  might  undergo  aiHiM  ebanse  in 
tho  process  of  ita  liberation  from  the  depository  whence  it  came. 

Pfliiger  explainA  the  oceurrenee  of  fat  in  the  Urvw-  of  blowflies  which  llTod 
OD  blood,  OS  obBenred  by  Hofmann,  by  supporting  that  the  fat  wa«*  formed  from 
tbp  blood  under  the  iofluencu  of  Bacteria,  and  was  merely  absorbed  as  such  by 
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the  larvip.  Moreover,  as  0.  Franck  hae  »hnwTi,  the  method  of  dctcrmlninir  the 
fat,  which  wan  pniiiloyf-ii  by  Hofinauii,  doi-w  nt»t  jHTmit  of  an.v  poHilivc  c<mclu- 
gion  from  his  expcrimcut. 


« 


When  we  pxatiiim^  Uifise  ohservations  criticfllty,  .we  jmiBt  conclude  with 
Pflugcr  that  no  siiijilc  cxpcrimcnl  liaii  yet  Itecn  given  which  prove*  bevond  ^J 
quwlion  that  fat  is  formed  from  |)rolei(L  Since,  however,  moat  of  the  protoidsH 
contain  a  t'arl)oliy(inite  frroup  and  the  body  in  all  pmbabilily  can  form  plyco-  " 
gen  at  the  expcDse  of  proteid.  and  since  carbohydrales  are  iinquetit  ion  ably  a 
source  of  fat,  the  posfiibility  of  a  final  production  of  fat  fmm  proteid  cannot, 
be  excluded  entirety:  altliou^h  to  judge  fnjm  rwiilL'*  tbiiH  far  [ihtaiiitMi.  such  a 
roundalwut  production  is  not  large  and  never  lake**  place  except  with  a  very 
rich  supply  of  proteid.  In  man  a  tran^sforniation  of  proteid  into  fat  is  scarcely 
to  be  admitted  at  all^  for  he  liai?  the  power  to  digest  and  absorb  ooly  a  rela- 
tively email  quantity  of  proteid. 

On  the  other  hand,  we  have  any  number  of  expprimenlfl  which  show  that'' 
fat  can  be  formed  in  the  body  from  iwnnilruycnuua  fuhftances. 

That  fnt  ^von  in  the  food  ran  be  directly  stored  in  the  body,  follows  from 
the  espcrimcntri  of  I'ctleiikttlTer  ami  Voit  citoil  on  page  104,  and  is  showtt 
with  particular  clearness  Ity  the  following  experiment  of  I.  Munk. 

Mnnk  let  a  do«  starve  for  thirty-three  dn.v»,  duriiin  whiVh  time  iiiont  of  the 
fat  was  of  course  Itmt  fmm  his  body.  He  then  irave  the  doR  S'OO  g.  meat  and 
160  g.  rape-seed  oil  daily  for  Rcventpen  days,  and  killi-d  him  hi  the  end  of  that 
time.  On  dissection  a  very  large  deposit  of  fnt  was  found,  whirh  could  not  pos- 
sibly have  btvu  derived  from  the  meat  fed.  Thin  in  itself  showed  that  ih«.*  fat 
of  the  oil  had  been  Bton-d;  but  in  addition  to  this  crucic  acid,  which  is  a  con- 
stituent of  rape-seed  oil  but  does  not  occur  in  dog  fat,  could  be  demonstrated  iu 
the  fat  laid  down  from  the  food. 

Moreover,  soaps  and  free  fatty  acids  of  the  food  can.  after  syntheei?  into 
neutral  fat,  be  directly  stored  in  the  body.  Thi-*  Radziejcwski  and  Munk  have 
shown  in  the  same  way  a^  in  the  experiment  juHt  mentiomnl,  by  feeding  a  soap 
of  rape-seed  oil  and  the  fatty  acids  set  free  from  mutton  fat,  respectively, 

Whethpr  or  not  fat  ran  bfi  farmed  from  carbohtfdraies  in  the  body,  is  a 
question  which  has  Ikwi  discussed  for  a  lonj:  lime.  Since  the  latter  spare  fat 
from  being  metabolized,  great  importance  ha*  always  attached  to  them  in 
the  laying  on  of  fat,  and  weighty  reasons  were  found  for  such  a  transformation 
in  the  case  of  herbivorous  animals  and  especially  of  swine  and  cattle,  which 
are  fattened  for  the  market  verj'  largely  on  carbohydrates.  Tln^rcupon,  the 
discussion  turned  to  carnivorous  animals  and  mnn :  and  it  has  now  lK*n 
completely  demonstrated  by  I.  Munk  and  Rubner  in  ejcperimentj:  which  w« 
caimot  go  into  here,  that  the  transformation  takes  place  in  these  also. 

We  see,  therefore,  (hat  fattening  alwa^-s  occurs  if  the  supply  of  nonnitrofje- 
nous  substances  is  greater  than  the  needs  of  the  boily.  I'nder  such  circutn- 
stances  the  body  can  store  almost  any  quantity  of  fat.  rndemeath  the  skin, 
around  the  internal  organs,  in  short  everywhere  in  the  body,  fat  can  be  accu- 
mulated. 
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§11.    THE   INORGXmC   FOODSTUFFS 

A.   GEHERAL 

U  an  animal  lie  fed  proteid.  fat  and  carbotijdratos  liuflicient  in  quantity, 
bul  deprived  an  far  aj  possible  of  mineral  conatitUcntR.  very  ('vidrnt  diiiordrrs 
in  the  health  of  ihe  animal  soon  niaku  tli^^ir  apjiearancc.  SiR-h  fr>rHl.  pour  in 
salts,  will  not  be  i^aten  voluntarily,  aud  even  though  the  animal  may  receive 
plenty  of  organic  foodstuffs,  and  though  he  may  abfM>rl)  them  for  a  long  time' 
la  perfectly  normal  fashion,  he  becomes  contiaaally  weaker  and  gaunter. 
Within  two  wwVs  symptoms  of  ^ncral  wealmes*  come  on,  the  >fait  is  slng^jish 
and  lilajfguring.  tlie  [nufclcs  tn.-mble.  and  the  aniirial  lan'omes  exuMtlingly 
irritable  in  disposition.  If  tlie  experiment  be  carried  atill  further,  convul- 
aicuu  ensue  and  finally  death. 

If,  late  in  the  course  of  events,  the  animal'tt  ordinary  diet  be  n>)<tnrefl,  at 
first  he  showB  no  desire  to  eat.  The  apf»etite  hmvever  incream?*  prndually, 
and  finally  becomes  ravenous.  The  eymploms  of  weakness,  trembling  of  the 
maacles.  etc.,  pass  away  but  slowly,  and  traces  of  them  are  to  be  observed 
for  a  month  or  more  after  the  salts  are  restored  In  the  diet. 

It  is  perfectly  pertain  thorefore  that  the  mineral  eonstHuents  of  the  food 
ire  fu$t  as  imporliinl  as  are  the  or^'anic  foodstuffs,    in  fact,  it  appears  fronij 
mnrchcis  by  Korsler.  that  the  body  can  endure  absolute  abstinence  bett«ri 
than  it  can  endure  deprivation  of  salts. 

In  order  to  understand  the  reason  for  this  great  importance  of  the  mineral 
nhetanccit,  it  is  nwH's-iarj'  to  know  the  effect  of  deprivntion  on  the  sorrctions 
and  cxcrelionfi  of  the  body.  We  f^aw  al>nvc  that  ilige^^tion  goes  on  normally 
for  a  relatively  long  time;  later,  however  (after  three  and  one-half  to  four 
and  one-half  weeks),  digestive  disorders  are  exhibited.  The  animal  vomila 
hit  food;  or  it  may  remain  in  the  stomach  for  hours  without  bein^  dige->ted. 
In  any  case  the  vomited  contents  always  contain  a  fairly  large  (]uantity  of 
cfalorino. 

Forster  hts  ithown  that  the  exciretioD  of  P,Ot  never  ceanca  entirely,  it  only 
becomes  )«»  than  with  the  usual  food;  and,  mnreover,  it  decreaMM  in  proportion 
to  the  (|uantity  vf  ash-free  food  iiif(ei<1ed.  The  t>Qmo  is  true  of  NnCl:  durinK 
the  first  days  of  deprivation  a  n-Intively  luni;u  quantity  ih  pxcnitcd:  IntiT  il  fnlU 
off  wnciderably  m>  ihot  finnllj*  in  2(iO  ec.  of  urine  only  indelcrmirinhly  smnll 
traee* MXiuId  U^  demonstrat»L  Dnriniz  the  la»t  days,  when  ihc  nnininl  wajt  drawf  j 
ing  heavily  upon  hia  fKn  body  for  organic  suU*tances>  UrRer  (luauliliea  of  KaOlJ 
were  lEiven  off  in  thu  urine. 

Forster  considers  himself  justified  by  these  experimental  results  in  gen- 
ualiiing  M»  followit:  nlthongh  the  mineral  mnKtitiifni>i  of  the  IkkIv  are  elim- 
inated in  smaller  quantitieH  when  mlli  are  no  longer  supplied,  their  excretion 
never  oea*e«  imtirely.  The  quantity  eliminated  is  least  when  onjanic  food- 
stuff^ are  fed  in  ahundonee. 

This  is  because  mineral  constituents  for  (he  most  part  form  loose  com- 
pound* with  the  combustible  substances  of  the  body,  especially  the  proteids. 
When  organic  foodstuffa  arc  not  supplied  in  sufficient  quantity  eo  tliat  the 
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body  must  draw  on  iU  own  store  of  tlieso,  the  mineral  constituents  are  set 
free,  find  thtir  way  into  the  fluids  of  the  body,  and  are  eliminated  through 
thi;  kiilneys. 

If  an  animal  receive  niori*  mils  in  his  food  than  ho  nccti^  the  excess  is  like- 
wiae  eliminntftd  in  the  excretions. 

The  iiiiportanw  of  the  individual  e]onn?nt«  has  already  been  discus<ied  rm 
gem'nil  litu*  »1  pnjru  25.  It  remains  for  ut»  in  menlinn  hrit'fly  the  bt'lmvior 
of  some  of  them  in  inctjilKili^m.  It  will  he  necest^ary  lo  Hmil  the  discussion 
to  phosphorus,  calcium  and  niugnciiiiiTi.    With  regard  to  iron  ef.  Chapter  X., 


B.    PHOSPHORDS 

PhfwphoniH.  like  spwral  other  iiiorennJc  fooijstuffa.  is  eliminated  mainly  in 
the  fiMVS.  In  following  the  mtliibdliitm  of  pmteids  '•ontninitig  phnephonis  wo 
have  therrfon?  lo  coiisiiirr  both  ihe  urint^  aiwl  the  fif^t's,  whrrca.'*  llir  melalxilic 
pruduuU  vi  protcids  cimtainiuK  un  phutiphuru<i  are  ulinost  all  given  ufF  in  the 
urine. 

For  a  long  time  it  was  asanmec!  that  only  the  iimrgnnic  phosphorus  com* 
pounds  are  absorbed  frnm  the  intestine.  This  wns  based  partly  on  results  indi- 
cating thai  the  ejccrclinn  of  phosphn|;t)M  in  the  urine  ^Uainly  rose  after  the  addi- 
tion iif  |hlii>7ip}iij tes,  uiid  partly  un  tlu*  eu|ipoi«itioii  thnt  ihi*  plio)>phoniK  ei'>nip()iient 
of  different  ppoteirls  was  intliBestible.  It  has  betn  shown,  however:  lh«l  p«n- 
erenlie  juice.  aeiiuK  for  one  to  two  honrH,  HiKS(>h-e«  fn«n  ont-half  to  one-ihird 
of  the  phiwphorua  in  tlie  nuck-in  of  thyitiu^  (Piipoff):  that  in  the  iligeBiion  of 
eae4:-in  l\v  pastrie  jiiiec  thp  (jreafer  part  of  the  ]jhosphoruft  piloses  into  the  soluble 
diireative  produetn  (Salkowski) ;  anil  that  under  the  aetinu  of  pniicrcntic  juico 
almoat  all  of  the  iiho-iiihorus  of  eaBcin  h  broiiirht  into  solution  {SeU-'Hen). 

It  is  not  a  diffieult  matter  lo  show  that  the  phosphorus  from  th«sr  Hubatanoea 
is  Acttinlly  aliM>rl>ed  from  the  intejttine.  In  some  expcrimrnts  on  dog»  Man-use 
found  that  at  least  eighty-one  to  eiRhly-fonr  per  et-nl  of  ihi-  |ihosphoni3  of  casein 
was  absurlK'd;  unit  in  experinieuts  uu  man  Loewi  observed  an  absorption  of  about 
aevenfy-nine  per  cent  of  phosphorus  derived  from  nueLein. 

But  we  cannot  decide  positively  from  these  experiments  whether  the  phos- 
phonts  is  a«'tual!y  absorbed  in  orffanic  comhinntion  or  net.  We  know,  iiuiwHi. 
(bat  phosphorus  is  very  easily  split  off  from  aneh  substances  by  all  sorts  of 
flK<"'"-"i"-'S-  III  any  case  if  it  eould  be  shown  that  phosphorus  is  atnred  in  the  body 
only  after  feoding  with  a  proteid  eontalnintt  plioaphorus  in  its  moleeule,  wo 
should  then  know  that  the  b<«:ly  must  depend  upon  aueh  compounds  as  a  source 
for  thin  pVment.  The  experiments  of  Zadig  sr-cm  in  fact  lo  prove  tliat  this  is 
din  ease;  but  in  u  uiort-  reei-nl  seriet*  of  ex|)eriineiils  I^-ipziger  was  able  to  demon- 
stPnle  a  storaRe  of  phosphorus  after  feeding  a  P-free  Mlestin  and  a  phosphate. 
Henee  ihepc  U  jih  yc-t  no  prf)of  thai  phosphorus  may  not  be  supplied  as  well  in 
inorf;anic  as  in  orponio  form.  KxperimcntH  by  l/iKwi  have  shown  however  that 
thp  ratio  of  N  retained  to  P  retained  after  excessive  feeding  with  the  nueleins 
ayrves  fairly  well  with  the  ratio  of  their  percentages  in  the  food,  and  indicatea 
therefore  that  nucteiuB  may  be  absorbed  from  the  tutesline,  partly  at  least,  in 
uneha  Hired  form. 

Tn  ordiiT  lo  determine  the  absolute  requirement  of  the  human  body  in  phos- 
phorus it  is  necessary  to  m^tisurp  dirfctly  the  ineomf  iind  llie  nutput. 

In  human  fanxm  the  c|unnlily  of  I*  varies,  aceonlinir  to  the  character  of  tha 
food  and  the  P  contained  in  it,  from  0.S5  p.  to  3  g.  and  more  |ier  day.  In 
the  urine  the  limits  for  an  adult  are  0.4  g.  and  3.8  g.    When  the  phosphorua  ia 
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dnwn  from  the  body  itself,  the  quantity  in  th«  urine  is  Iras — only  0.4-0.7  ic. 
p*r  dtty.  If  lifter  a  peritKl  of  dt'iirivntiun  pk'iily  vf  i>hu«phurus  in  supplin].  the 
rlimiDalion  in  ihc  urine  is  only  about  fJ.M  g.  The  absolute  ueeij  uf  thf  ailult 
hDnimi  hntiy,  therefore,  would  be  0.9  g.  plus  the  amount  in  the  fiiMM-s,  Hut  under 
ordinary  cirrunii'taiK.'e^  in  r-equilibriuui,  tbt--  quuntity  eliininuU-d  in  the  uriuo 
aplirar^  tu  he  Homewhot  laiyer.  nnd  may  bo  estimiitcd  at  1.5  g.  Adding  to  this 
thr  nrrnt^p  daily  quantity  in  the  fiei-es  ^.TJV-l  ((.),  the  total  rcfiuirement  of  (he 
ftdult  body  foe  P'equilibrium  vuuld  be  sometbini^  more  than  3  g. 

C.    CALCIUM  AKD  MAGITESrCM 

Both  theite  elemenlj)  nrf-  ul»j)rbi!d  fniDi  tW-  iril<-«tiiie  in  inorpnnir  ivimpnunda. 
Th»  Mre  knnw  from  their  appearance  in  the  urine  after  the  adniiniat ration  of 
calciDDi  nnd  mainie^iuu]  6alt». 

An  untiinilL-d  abHorjition  of  <'a  and  IXg  io  itnpotmihle  iKH-aune  of  the  alkaliDO 
learlinn  nf  the  MoikI.  ulthouffh  it  appears  to  be  eaaier  for  Mg  than  for  Ca.  It 
if)  aUo  very  pmbnhle  thnl  fa  occurs  in  the  hUHwl  only  Jn  the  fLtnn  of  a  prnteid 
(-"'roiMnind  u'hi(.'h  in  nut  pnt-'ipitHble  by  an  alkttline  rt'Otrtion  iiu'rt'ly  (Kijbm-).  If, 
tlwrcfor*'.  these  elements  owur  in  the  diet  in  InrRe  quantilies,  the  greater  t>arl 
is  ftasMil  out  unnbaiorhcd  in  the  {a-ccn.  HeKiilM,  Ca  and  }Ak.  liko  P.  arc  excreted 
threugh  the  intestinal  mueofla,  proof  of  whieh  in  affordinl  by  iheir  occurn^nco 
ervn  in  ntarvation  fa-cea.  (In  the  case  of  Cetli  0.OT  g.  Ca  and  0.00(1  g.  Mg  per 
dny;  in  the  case  of  Rrcilliaiipl  O.o:'  and  O.Ol  g.  rwif)erlively  p«r  day.)  With  a 
diet  ejilmni-ly  poor  in  mineral  constiiucntB  generally,  Itenwall  observed  in  the 
fiFCTM  nn  nvenigc  of  0.16  g.  Ca  and  0.00  g.  Mg  per  doy, 

When  We  <.-<impon>  the  herbiToro  with  the  caniivoruus  nnimolB  wo  find  con- 
Bidenibte  difference  in  the  proportion  of  the  enlcinm  nnd  magnesium  exeroted 
in  the  urine  and  the  fwoep.  In  the  former,  only  Jihuut  four  to  five  |<or  cent  of 
the  Ca  nnd  twenty-four  to  thirty-two  per  eent  of  Ihe  Mg  ■p|>ear  in  the  urin«, 
vhilc  in  the  latter,  the  urine  cnntainB  as  much  as  tWL>niy-!K-vi>n  per  ceul  of  the 
lotal  Ca  exerelioD  and  Aixty-five  per  cent  of  the  total  Jlg  exen-iion. 

From  the  few  fthaervfltions  thus  far  reported,  we  mny  judge  that  the  exerc- 
tioQ  of  Ca  in  tin-  huiniin  f«*ee*  wo\ild  iiinonni  to  ihirty-aix  to  fifty-eipht  per 
rrot  of  the  total  Ca  excretion,  and  that  of  Mg  sixty  to  seventy  per  ei-nl  of  ila 
total,  ibe  eAaet  amount  iu  each  eu!^-  depending  on  the  power  of  the  urine  to 
d&Molm  the  metal. 

Vffry  few  attempts  havo  been  made  to  plaee  the  human  body  in  an  equi- 
tibrium  of  C«  and  Mg,  and  for  this  reason  it  is  scarcely  possible  to  give  definite 
6|Fun-«  AS  to  the  actual  need  for  ibem.  From  the  few  facts  at  hand  we  may 
c<onjec(urv  that  an  udult  man  would  reaeh  an  equilibrium  ou  u  dsil^'  supply  of 
€l1-0.7  g.  Ca>  and  of  M»methiiig  tnorc  than  0.4  g.  Mg. 

§  12.  FLAVORS 
A  diet  Donpislinp  nf  pun'  proleid.  pure  fat.  pure  carhohydrati's.  anh  ami 
water,  each  in  auflicienl  ipianlily,  would  not  be  fijrrw^hle  aiul  would  not  he 
eaten  except  in  ease  of  extreme  necessity.  Antl  vet  we  have  in  siieh  a  diet 
ererythinj:  that  one  newls  with  n  'inple  exreption — nnnielv,  fiomcthinp  to  pro 
the  food  an  if^rceabte  lai^lp  and  odor;  in  fhort.  a  fl<iv<»-  to  ranke  it  palatable. 
Wt;  mU"!  not  piipi>ow  that  this  aversion  fn  the  pure  fortdstuffs  '\*  due  to  tho 
love  of  plea>«nrahle  wnsations  whirh  ehnructerizes  man  in  the  civilized  stale-, 
for  an  animal  will  not  vojimtarily  cat  n  perfeclly  taetele^  food,  even  if  it 
«oiit«in»i  everything  that  he  needs. 
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We  may  reckon  amontr  davoro  not  only  the  substances  commonly  mider> 
stood  by  the  word  in  its  strictest  sense,  such  as  that  which  gives  the  character- 
istic taste  to  roast  beef,  or  that  developed  in  the  baking  of  bread,  the  spices, 
extracts,  etc.,  but  also  coffee,  tea,  alcoholic  drinks,  tobacco,  etc. — in  short,  any- 
thing which  adds  to  a  meal  an  element  of  pleasure.  In  this  sense  we  might 
include  also  the  various  extraneous  means  of  making  a  meal  enjoyable,  likfl 
neat  service,  lively  conversation,  etc. 

Some  of  the  foodstuffs  themselves  serve  at  the  same  time  as  flavors — e-g., 
sugar  and  salt.  The  body  requires  NaCl;  but  in  the  quantities  in  which  we 
ordinarily  eat  salt,  it  is  really  a  flavor. 

The  physiological  importance  of  flavors  consists  in  the  stimulus  they  afford 
for  the  secretion  of  the  digestive  fluids.  Sight  or  smell  or  even  the  thought 
of  an  appetizing  dish  makes  the  mouth  water — i.  e.,  makes  the  salivary  glandB 
secrete  profusely.  As  we  shall  see  later  under  digestion,  the  same  can  be 
demonstrated  for  the  gastric  glands.  If  a  meal  or  its  accompaniments  are 
not  pleasant,  these  reflex  effects  are  not  forthcoming  (cf.  Chapter  VII). 

If  one  eats  too  much  or  too  frequently  of  a  dish  once  palatable,  it  becomes 
distasteful  or  even  "turns  against"  him;  and  the  more  pronounced  the  taate 
of  the  dish,  the  more  quickly  will  it  become  distasteful.  On  this  account  there 
are  only  a  few  articles  of  diet,  such  as  bread,  which  we  can  eat  every  day  or  In 
large  quantities.  Herein  lies  the  importance  of  variation  in  diet,  even  different 
modes  of  preparing  the  same  articles  being  advantageous.  For  example,  the 
people  who  live  mainly  on  flour  or  meal  of  cereals  do  not  eat  these  substances 
exclusively  in  the  form  of  bread,  but  use  them  also  in  the  preparation  of 
dumplings,  noodles,  pancakes,  etc 


§  13.    ON  THE  THEORY  OF  HETABOUSH 

In  order  to  comprehend  fully  the  processes  of  metabolism  it  is  needful 
that  we  inquire  to  what  extent,  if  any,  the  organized  substance  of  the  body  is 
broken  down  in  combustion. 

When  w«  consider  how  very  much  the  destruction  of  proteid  depends  upon 
the  amount  injiested  (page  !►!>),  how  the  X-oxcrt'tion  after  meals  is  very 
closely  connected  with  the  absorption  of  proteid  into  the  blood  (page  101), 
and  when  we  remember  that  the  nonnitrogenous  foodstuffs  do  not  essentially 
alter  the  destruction  of  proteid  (page  105),  and  that  physical  work  with 
plenty  of  N-free  foodstuffs  supplied  does  not  increase  the  proteid  combustion 
(page  111),  wc  are  almost  coin|wIU'd  to  supi)oso  with  Volt  that  it  is  the 
proteid  of  the  food  and  not  the  living  protoplasm  which  first  breaks  down  in 
metabolism. 

Siiirp  the  living  protoplasm  is  derived  from  proteid,  and  upon  its  degrada- 
tion after  death  attain  forms  proteid,  it  is  quite  common  in  the  physiology  of 
nutrition  to  npi>l.v  to  it  the  name  of  tissue  proteid,  and  to  the  dead  proteid 
coming  from  food  am]  found  in  the  fluids  of  the  body,  the  name  "circulating 
proteid."  In  iirdor  to  avoid  minunderstanding  we  shall  use  here  the  terms: 
lirint/  suhslanre,  in  whtitever  tissues  it  may  occur,  and  food  proteid — i.  e.,  the 
proteid  ubsorbt-d  from  food  but  not  transformed  into  living  substance. 
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The  fo<»i  prateid  i»  distin^iftliotl  in  the  liret  place  by  tliu  ease  witli  which 
it  i«  Uestrovttl  liy  the  organs  of  the  body-  Xo  other  organic  fondntulT  can 
cnmi>arv  with  it  iu  Oub  rc«i>ect.  U  is  true  that  fnt  and  cart)oliy(lnil4<t^,  if 
Upplied  in  soflicicnt  quantit)'.  can  rwlucc  llie  destruction  of  protciil  to  a 
certain  extunt.  hut  in  a  general  way  this  destruction  bears  about  the  »am6 
reUlioD  to  the  protcid  inge^tioii  whether  the  X-free  fotnli^tiiir^  be  ealen  or  not. 

The  dipbtiftl  protcid  pa««es  into  the  blfxxl  »«  food  prolcid.  If  the  quan- 
tity absorbwl  w  not  too  t^niall.  and  if  at  the  same  time  plonty  of  N'-free  food- 
stuffs arc  pn-s^nt.  a  jwirt  of  it  may  remain  in  the  body  undestroyed,  hivt,  as 
a  rule,  the  gruater  part  of  il  is  dtwtroved  within  twenty-four  hours. 

in  sharp  contrast  with  thic  ik  the  fact  thai  the  ma^d  of  living  substance 
bu  but  a  very  slight  influence  on  the  amoiiul  of  proteid  destroyed.  Wc  have 
■eetl  (page  Ut)  that  there  is  no  dirut  proiiortion  botwct'u  the  weight  of 
the  body  and  the  amount  of  proteid  nietabolifiui.  and  (page  124)  that  Iwyond 
a  certain  lower  limit  the  Iwdy  can  maintain  \U  proteid  stains  on  widely  dif- 
ferent quantitic;;  of  prnteid.  provided  only  thrit  the  nonnitrogenous  foodstuffs 
b«  pn>«nt  iu  ttullicienl  quantity. 

It  fnllnwrt.  thercf(^re,  that  the  living  »uh>itnnc4'  is  not  drstroi/ed  either  la 
the  mctabolisni  of  proield  or  in  tliat  of  the  nonnilmgcuous  foodstuffs,  but  on 
the  whole  18  relalively  stable. 

Tl>e  doctrine  of  Voit,  Riven  preference  here,  that  the  food  proteid  is  de* 
■tRtyed  fir^t  and  the  lirinR  subi^tnne^-  only  when  the  food  proteid  i»  not  suffieieut 
for  thr  newitt  uf  the  body,  m  still  difputrd  by  many  authors  of  hiiih  rank,  who 
■dvor-fltr  ihf  view,  first  put  forwnrrl  b,v  I.iebifi,  hut  nioditied  iHter  hy  PtUigi.<r  and 
others.  AvcordinR  to  this  riew  the  living'  mok-cuk's  of  whit-h  the  cells  are  com- 
pncnl  are  coniiDUnll.T  beinx  de«Lruycd  and  built  up  ai;ain  in  the  life  process: 
the  cellfl  aa  such  do  not  break  down,  but  thrir  tnolccnles  are  incessantly  chane- 
ing;  thi*  Itrin^c  molecule  disintegratea  much  more  eftiiil>'  than  that  of  dead  pro- 
teid. and  thf  latter  is  destroyfd  only  after  it  has  heon  transformed  into  living 
lDol<*eolM:  cif  itM-if  it  ia  much  more  *)table  tliHii  the  living;  xubotiiiice. 

It  i»  indeed  a  molter  of  everydny  experience  that  when  an  otRan  is  taken 
out  nf  the  livinK  IhhIv,  it  dies  within  a  relatively  ehort  time,  and  on  the  other 
hand.  Ihni  dead  proteid  in  a  dry  condition  can  be  preiierred  ffir  ait:i'  length  of 
tim<!  uuehsnfted.  But  we  are  not  to  conclude  from  such  ob^'rvationti  that  In 
tfact  livinit  bnd>'.  dead  proteid  i»  less  detttruclible  than  living  protoplasm.  For 
an  extirpatvd  onean.  by  the  very  act  of  it»  removal  from  the  body,  i»  placed  in 
fllto(n*ihrr  abnonnal  circumstancee.  In  the  living  body  the  medium  iu  which 
the  eelU  and  ibi'  lisAuea  rany  on  tlioir  aetivjlii-st  ia  the  lymph.  Wherever  this 
fluid  is  wntilintc.  or  ha:<  not  the  proper  temperature  and  iho  normal  citmttitution, 
i»  not  reuewet^l  often  enough  or  is  not  provided  with  sullicieni  oxygen,  pn>loplaKm 
tbrre  ivpRvents  a  very  destructible  Kub<itaiiee.  Hut  we  an^  not  juHtified  by  thia 
alone  ID  maintRJuini;  that  the  living  bubsianec  b4'hnve!<  in  the  tiame  way,  when 
ibe  lymph  i«  perfectly  normal.  What  we  know  is,  thai  when  the  lymph  is  nor- 
mal, the  livinff  nubslanrc  rarries  on  its  funeiions;  and  there  i»  no  ground  for  the 
assumption  that  it  is  then  lef»  stable  than  the  dead  suhntanees  found  in  the  fluid 
hy  which  it  i«  bathed. 

If  the  living  substance  were  always  breaking  down  when  it  ts  active,  what 
a  tremendous  wortt  of  synthesis  wiiuld  la;  required  in  order  to  keep  il  restored 
from  th<'  dead  fi»od  proteid  I  And  if  thiti  were  true,  how  shoubi  wo  exidain  the 
•xtraoTdiuaiT  difficulty  with  which  the  adult  body  lays  on  proteidT    If  the  food 
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prat«id  had  first  to  be  organized  in  order  to  be  usfd  by  the  efl1:g.  ihp  same  wnuM 
of  necessity  be  Irut  of  the  noniiil ropcnous  foodsttiiffs,  ni  eilcnhnl,  etc.;  before 
they  coulii  In.-  destroyed  they  wcniM  have  to  bocome  integral  constituents  of  tbc 
liriiiK  iiubstanci'.  We  vuiinut  gel  uwuy  from  this  consequence;  but  what  direct 
pnmf  have  we  for  it? 

How  much  simplpr  is  the  other  view  thnt  the  organized  tiftsuca  do  not  them- 
»elvG«  break  down — their  molecules  not  bcin^  destroyed — durini;  activity,  but 
are  relatively  stable  subetancen  which  |»erfonn  their  duties  at  the  expense  of  tbe 
oombualible  (Stuffs  presi-nt  in  the  lyiupb:  that  thu  tiwiuua  draw  upon  ihu  lymph 
for  whatever  they  require.;  that  in  nil  pmhnbility  they  lake  up  these  Htuffs  (pro- 
teid,  fat,  cBrbohydrate,  etc.),  into  their  own  muds.  not,  however,  organizing  them 
into  their  own  s^ubstHuee,  but  ricatroyinf^  them  sooner  or  later,  according  to  the 
intentiity  of  their  vilal  aL-tivilii-B,  a»  sq  much  fuel. 

la  ee  regarding  the  living  substance  as  relatively  gtable.  wc  do  not  mcao 
to  nay  thnt.  longer  ix-riml*  of  time  considered,  it  may  not  be  de«troypd 
and  Ih^  restored  again.  Indeed,  it  will  be  found  exprewly  stated  under  the 
appropriate  tfectiouF<,  that  certain  orgaalzvd  i>tructurus.  Iiku  the  blood  corpus-^P 
t'lcft,  epideminl  cells  of  fh(^  wkin  and  it^  appendage.i,  opithclifl  of  the  intesline,^^ 
etc.,  are  all  the  ttmo  Im^akiii^'  down  and  being  l(»t,  and  it  is  more  than 
probable  that  the  other  lisKUtw  exhibit  the  Kame  phenomena. 

There  i.^  another  qiie-ntion,  the  satisfactory  solution  of  which  is  of  tl 
gn.'ntesl  importanee  for  this  conception  of  metabolism,  namely.  Why  is  it  til 
with  .sufReicnt  n  on  nitrogenous  foodntuffi*  to  cover  the  calorific  requirement 
of  the  body,  il  eannfit  entirely  (li»[M'tiHe  wilh  proteiil  in  the  fotMl  ? 

Of  course  Ihi^  is  partly  clue  to  the  fact  tliiil  the  living  snhKtance  h  bcinj 
destroyed  to  a  certain  extent,  and  ne(.\l«  proleid  for  ils  restitution.  Moro^ 
than  this,  protcid  la  used  up  in  the  formation  of  the  digestive  fluids^  in  the 
necrelion  of  milk,  etc.  Just  how  groat  is  the  quantity  necesiiary  to  cover  thcM.' 
absolute  requirement.i  of  the  body,  cannot  he  stated  at  this  time;  but  it  is 
considerably  less  than  the  quantity  which  appears  to  be  ueceftsary  to  maintaii 
the  body  in  a  saticfactorv  state  of  nutrition. 


Voit  answered  the  question  before  U3  by  simply  raying  that  the  tissues  have 
need  of  a  certain  amount  of  protcid  for  their  own  maintenance.    But  this  answer 
is  only  another  way  of  statinff  the  facts  to  be  explained.    The  following  appca 
to  throw  stmie  liKht  on  the  queetiun. 

The  lymph  is  the  medium  in  which  the  cellH  and  the  ti-ssues  live.  It  con- 
tains proleid  a8  one  of  its  ueeL-»iary  conutiliientK.  ItuL  when  proteid  ts  preH>nt, 
it  in  deslniyed  by  the  tissues  with  the  greatest  avidity.  In  aiarvatinn  ihe  pro- 
tcid of  the  lymph,  therefore,  is  gradually  uned  up,  so  that  the  latter  would  become 
unsuitable  ««  a  medium  for  tbe  tissue*,  if  they  did  not  themselves  Rive  up  some 
of  their  proleid  to  the  IjToph.  Thia  proteid  is  in  lis  turn  destroyed,  and  a  a< 
moiety  from  the  tiR^ue!^  takes  it«  pinoc.  Thus  it  goes  on  continually:  and  ou 
question,  why  proteid  is  destroyed  in  the  body  not  only  in  starvation  but  even 
when  the  supply  of  nonnitrogt-noun  food  is  as  great  &»  possible,  is  to  be  answered 
through  this  continual  ne*>d  of  a  l.vmiih  with  the  same  peculiar  constituents  all 
the  time,  and  through  the  peculiar  pmferrnce  of  the  cells  for  pmteid  before  all 
the  other  organic  foodstuffs.  Such  an  explanntion  d<'te8  not  rcfiuire  uh  to  snp- 
poftp  that  the  tissues  or  the  organized  molrenlcs  themwlves  mu^t  break  down 
with  every  manifestation  of  life.  Pr>im  the  same  p<iiiit  of  view  we  can  explain 
also  the  phenomcua  altcudiug  deprivation  of  salt  (ef.  page  131). 
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[On  the  blAis  of  some  rpr>'  thoKiuirh  atudieii  of  the  eompoDttton  of  nnrmal 
huinuti  uriucM  followiuff  iiiffen?iit  dicttt,  Fuliii  \ta»  wnrkf^  uut  a  tiux>ry  vf  protuid 
nu*t«b>'liHni  which  b»»  rvceivi^d  »uch  cxti-uiiive  nctk-t;  hh  to  deserve  mention  in 
this  connection.  Foliu  fiudi^  that  in  order  to  exphiin  iho  cliungfit  iu  the  com- 
ptwition  of  tbc  uriau  vitb  ruffrcntx'  to  niirn^-n  and  nulphtir,  it  in  neoenary  to 
HKUtne  tlut  thu  proteid  nu*tal>olUm  iit  of  twu  kinds.  "  One  kind  is  extremel; 
variable  in  quaiitily,  the  other  tends  to  remain  constant.  Tlic  one  .viclds  chieEy 
urea  and  inurifaiiir  f^ulplniLes,  no  creatiniu  and  probably  nn  neutral  nnlphiir.  The 
other,  the  constant  motabolium,  is  lar^ly  n'prt^ntcd  by  crratinin  and  noutrsl 
•ulpbur  nnt)   !■>  n  Ic^^  I'xlt'jil   by   uric   Acid  niul  (>thi>r(>»l  nnlphiitos." 

The  variable  tnetflboiixtn  in  conceived  as  consisting-  of  a  series  of  hydrolytic 
•pliltiiim  of  food  jffvlfid  (cf.  Chup.  VII).  boiiuu  iti  the  intestinal  wall  and  com- 
pleted in  the  liver,  which  n'^ult  in  the  eliminnlinn  of  the  prot^'id  nitniKen  as 
utvM.     This  is  called  tzogentm*  melaboUgm.    The  constant  metabniism  rf>pre- 
•ent«<]  by  orentinin  (and  uric  arid)  is  rff-ardinl  as  a  true  index  of  that  dcstnic- 
tioo  of  tiring  subsfancf  necessary  to  the  i'otilinuBli»>ti  "f  life,  und  ii*  ihorvfore 
called  endogenous  metabolism.     In  Folia's  view,  only  that  amount  of  protcid 
atemnrf  for  the  eiidogenoua  mplJibolism  is  really  ne^'ded  by   the  boili'.     Tbo 
fTeat«rpart  of  llic  protcid  in  ordinary  di^-ts,  i.  p.,  that  amount  n-pn-wcnliiitf  tbo 
eiosMiuua  metabolism,  is  not  needed,  or  at  least  iU  nitrogen  is  not  nc-cJed. 
H         This  theory  aitme  with  Voit's  thoory  as  stated  above  in  rcffanlinp;  the  liv- 
^^^«  anhstoDce  as  relatively  tttable,  but  differs  from  it  in  njsardin^  the  mure  reudy 
^H[Moluiioii  of  ingested  ffxtd-proteid  not  as  a  matter  of  preference  on  the  part 
^^w  ihr  crlU.  but  as  a  ajicoially  developed  moans  for  rtmovinK  the  unncceasary 
B  nt(mf(<iM  of  the  protcid  innested.     The  f-nrbonaceoufl  part  of  the  proteid  mole- 
rule,  which   ntone  is  c<iiK'eivi-<t  nx  iiriderRoini;   true  oxidation.-t  ^tiniilar  to  tboae 
trhicb  fats  and  earbohydratts  umlenii'.  is  liiereby  rendered  available. 

The  theory  seems  to  explain  rhe  facta  of  i)ri»leid  nHrlubolism  as  slatwl  by 
^  tbr  author  in  this  chapter  quite  as  well  as  Voit's  theory,  nntl  in  addition  seems 
■  to  plaoe  a  n«w  phyi^iological  ^ifinificanoe  on  the  portal  circulation. — Ed.] 
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If  Ilu>  diet  contains  in  butticient  quantities  and  in  the  proper  proportion 
all  thnt^e  an))stano(>i«  which  the  body  neetlK,  it  constitutes  what  Voit  callit  a 
**  (oinI."  \»  applied  to  a  healthy  udult  man.  thi:«  ration  U  thai  qiiantitj  of 
foodatuffft  which  is  neocssary  to  k(H*p  (he  Iwxly  in  on  wpiilibriiim  of  suhtitancc. 
For  growing  children  at;  well  an  for  adultj^  in  a  poor  tttatt^  of  nutrition,  Uie 
ration  muflt  lie  more  plentiful  so  that  a  pari  of  it  can  be  retained  in  the  body. 

In  this  section  wc  have  to  iitiidv  the  nufrifii-i;  requirements  of  man  and 
Mime  of  the  cirruniri lancet  aiTe<>ting  them.  Xatiirally  we  cannot  go  into  de- 
taiU  here;  important  as  they  are.  they  belong  to  hygiene  and  dietetics,  rather 
than  to  the  phy«<iology  of  nutrition. 

The  nutritive  re<iuircTnenli  of  a  man  are  represented  by  lliose  (]imnlitie» 
tf  the  dilTerenl  fooiltituff*  which  must  be  addvtl  to  the  IhmIv  from  lli«  into*itine 
day.     But  inasmuch  as  we  do  not  commonly  cot  pure  foodstuffs,  hut 

Is  prepared  from  variou?  articles  of  food,  the  question  may  be  raised. 
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whether  the  foodstuffs  contained  in  the  different  articles  of  food  are  utilized 
in  the  intestine  to  an  equal  extent.  Experiment  has  shown  that  as  a  matter 
of  fact  the  utilization  of  the  foodstuffs  in  different  articles  of  food  and 
"dishes"  is  very  different  (Rubner).  For  the  method  of  these  investigations 
and  the  share  which  the  intestine  has  in  the  formation  of  the  fseces,  see 
pages  85  and  dG,  also  Chapter  VII. 

§  1.    UTILIZATIOH   OF  THE  FOODSTUFFS 

A.   PROTEID 

We  have  already  seen  that  the  quantity  of  N  in  the  frocra  which  comea 
from  the  body  itself,  and  therefore  represents  a  product  of  metabolism, 
amounts  to  0.5-1.4  g.  per  day.  If  then  we  find  only  this  quantity  of  nitro- 
gen in  the  fseces  after  a  certain  diet,  we  may  say  that  the  ingest^  nitrogen 
has  all  been  utilized. 

This  is  generally  the  case  with  animal  foods.  In  experiments  with  meat, 
fish,  eggs,  milk  and  cheese,  the  daily  elimination  of  N  in  the  faeces  varies 
from  0.14  to  1.9  g. ;  only  in  one  case — with  4,100  g.  of  milk— do  we  find  in 
the  literature  of  this  subject  a  greater  quantity  {3.1  g.)  of  N  in  the  fseces. 
If  the  total  N  in  the  fasces  be  calculated  as  lost  from  the  N  ingested,  it 
amounts  to  only  2.0-7.7  per  cent. 

Kermauner  has  taken  the  pains  to  estimate  quantitatively  the  residue  of 
meat  recognizable  as  such  in  the  fipces  of  three  individuals,  and  has  found  that 
after  an  inge8tion  of  2C6  g.  meat  per  day  the  highest  amount  in  the  fieces  was 
4.7  g.  and  the  lowest  0,3  g.  (^0.16  and  0.01  g.  N  respectively). 

With  vegetdbU  foods  the  quantity  of  N  in  the  fa>ces  is  considerably  greater, 
and  in  certain  experiments  has  been  known  to  reach  the  high  value  of  9.09  g. 
per  day;  the  loss  in  this  case  amounts  to  as  much  as  forty-eight  per  cent  and 
as  a  rule  is  more  than  fifteen  per  cent. 

This  is  due  primarily  to  the  faet  thnt  vegetable  foods  contain  nitrogenous 
compounds  in  their  husks,  coats,  etc.,  which  arc  not  proteid  and  arc  not  digested 
in  the  intestine.  The  more  husk,  etc.,  a  vegetable  food  contains,  the  less  favor- 
ably does  the  utilization  of  its  nitrogen  prove  to  be.  For  this  reason  we  find 
in  the  fa?ces  from  r>'e  bread  made  from  whole  meal  2-4  g.  nitrogen,  represent- 
ing a  loss  of  thirty  to  forty  per  cent.  If,  on  the  other  hand,  most  of  the  bran 
be  removed,  the  utilization  appears  more  favorablfi  with  a  loss,  namely,  of  only 
2  g.  N  or  ten  to  twenty  per  cent.  Other  factors  tending  to  make  the  utilization 
of  coarse  vegetable  foods  less  fnvornble  are  their  relative  bulkiness,  the  acid 
fermentation  of  the  carbrihyd rates,  and  the  percentage  of  indigestible  substances. 
AH  these  conditions  tend  to  stimulate  the  musculature  of  the  intestine  and  thus 
to  produce  a  more  rapid  evacuation  of  the  intestinal  contents. 

B.    UTILIZATION  OF  FAT  AND  CARBOHYDRATES 

The  daily  fa-cci:  from  a  diet  which  contains  no  fat  will  lose  3-7  g.  by 
extraction  with  ether.  If.  therefore,  the  fEecc.«  after  ingestion  of  a  certain 
fat  contain  no  more  fat  than  this,  we  can  say  that  that  particular  fat  has 
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■bwriiod  from  the  inlestinf.     This  is  Iriio  of  eggs,  milk,  butter, 

B,  Urd — in  fad,  of  fills  guncrally  which  arc  fluid  at  the  temperature 

of  the  body  and  Brc  not  gurrouaded  by  niorabnin(».     However,  even  with  other 

Kfatr.  like  Uatttn  fat,  which  is  inclosed  in  iiiemlirunes,  tlie  iiiilizatioii  is  rom- 

■  lii'>n]y  rr-r)'  c»'"niptrtp.     Thus,  with  .'friil  ^.  [»er  day,  iuobI  of  which  was  bacon 

fai  {iinrundcri'd  lani).  only  45  g.  aiipcnred  in  the  ficpcs. 

ICarbcihydralcs  also  arc  well  ahsHrlMni  iu  (lie  intestine,  inafiimich  as  the 
IrtM  hy  the  ffvcm  from  ihp  onlinan-  arlicles  of  diet  rises  only  to  alwut  ton 
or  olcvr-u  [KT  iH-nl  at  thy  hij;htv»l.  heinj*  ns  a  rule  smaller  ihnn  this.  It  la 
true  of  carbohydrate  also  that  with  linely  prepared  foods  the  ulilization  is 
pivch  better  (6.8-3.2  per  cent  los.1)  than  with  coame  foods  (fi.9-ll  per  cent 
Iom).  The  digestibility  of  uelliiint^r  has  nlivady  Iwcn  din^ui^ied  at  page  1 10. 
By  microsKNjpie  esamination  of  the  fii'tvs  J.  Moeller  has  shon-n  that  healthy 
HUB  ilifC««t  the  Alat^rh  of  pfteals  iiii'l  imtHtoes  almoMt  complctolj,  even  if  the 
•larrhy  fiKfd  ia  but  iiiiiMTftrll.v  Rmuiid  up.  If,  however,  tha*  Hlnrch  ii  preaont 
in  the  form  of  Ittfuininou^  tiLi-dtf  or  is  euteii  in  Krevn  vivvtuliles,  it  is  passed  out 
nndicrsted.  The  hnrd-wnlled  cells  of  llie  ripe  leffuminous  seeds  appear  not  to 
Iw  di|PBSted  at  all.  so  that  ouly  tlmt  pun  of  the  atarrh  which  i.>i  lihrratrd  from 
ihp  orib  hy  mt>rhanical  destruction  of  their  wnlU  i»  of  any  benefit  in  nutrition. 

■  Tbr  «l«rfh  uf  Rrven  lefcuniinoun  plants,  on  the  other  hand,  is  juHt  »»  completely 
dijc«(e«l  oa  that  of  cereaU.  The  gluten  layer  nf  the  latter  bt^'hnvcit  like  the 
InrutninnuB  Beedi> :  their  mcmbranee,  coDKistinn  of  pure  cellulose,  are  not  digested, 
and  tlteir  contrnt.s  ronxif^tiuR  of  proteid  and  fal,  arc  diffested  only  so  far  as 
they  arc  act  fre*  by  rupture  of  the  cell  membranea. 

The  absorption  of  mineral  cont<tituenls  nf  the  diet,  calculated  in  porcent- 
■gU  of  the  amount  supplied,  is  generally  rather  poor.     Hut  we  must  rememher 

t  the  Oflh  of  the  frees  coni»4  mainly  from  the  laidy  itself,  cueing  that  many 
imncra]  futwtiincea  are  excreted  through  the  intestinal  wall. 


■tha 


I 


c.  nraizATion  of  a  mixed  diet 


The  eTperiments  which  we  have  dtseuiwcd  so  far  relate  chiefly  to  the 
■iHCtfption  of  inilividuiil  articlcii  of  ftxkd.  We  might  tiuppose,  however,  tlmt 
ft  mixed  diet,  ouch  as  is  ordinarily  eatea  by  man,  would  be  utilized  more 
•drantageotisir  Ihan  th*-**"  ex7>criments  indicate;  and  in  fact  it  has  been  shown 
thai  certain  mixture  are  alitior)H<d  better  than  their  t^cparale  components. 
But  all  the  o»p«'rinienls  on  the  utilization  of  a  mixed  diet  which  we  have 
B9  vol,  go  lo  tiOmw  that  animal  nitrogen  is  ab-sorbcd  better  tlian  vegetable 
niirogen. 

A  few  word*  remain  to  1^"  adde<l  on  the  utiUzotum  of  tJnf  Mnl  poientM 
tntrfif  of  the  diet.  We  a-wtume  here  Hf-  before,  that  the  total  fxecf.  reprc-sent 
i  midao  nf  the  ingested  food.  For  a  mixe<l  diet  Rubuer,  on  the  basis  of 
otic  exporim^nt  on  the  heat  ralue  of  the  fjeces.  cstimatca  the  Iom  at  8.11 
p»'r  cent  of  the  gross  calorific  value  of  the  fond.  In  those  experiments  with 
a  nixttl  diet  in  which  the  utilization  nf  all  the  foodstuffs  has  been  investiirated. 
the  ifjtultn  show  a  lojs*  in  potential  energ>'  of  1,8  tn  13.9  per  cent.  By  direct 
dcIiTrainationa  nf  .the  heat  value  of  the  fond,  and  of  the  f#ces,  .^twnter  has 
ffrand  in  117  experiments  with  a  mLted  diet  of  eaaily  digestible  subatancec. 
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that  the  lofs  of  potential  energy  was  from  Z.G  per  cent  to  11.7  per  cent.    Ii 
this  important  series  the  loss  in  proteid  was  3.8  to  11.7  per  cent,  in  fat  l.TJ 
to  12.7  per  cent,  in  carbohydrates  0.9  lo  5.2  per  cent. 


An 


tlie  utilization  of 


the  iood  oufrbt  no>t~ 


avcrafct-  liiiurc  lo  express  tJie  utilization  ot  eneruy  in 
bw  placn-il  tim  Ifiw,  Supprmp  wf  ftsaume  that  ten  per  cent  of  the  potential  energy 
ii  lost,  then  to  supply  a  man  with  3,000  ChI.  hi»  diot  shnulil  haye  an  indicated 
value  of  3.333  Cul.  BecouKO  of  the  muiiy  anulyses  necesHary.  a  complete  expiTi- 
ment  on  the  utilization  of  foods  in  the  intL'stiiie  is  attended  by  eonsideroble 
difficulties.  But  for  uti  praetieal  purposes  it  is  sufficient  to  determine  the  dry 
residue  of  the  diet  and  of  the  correflpoiiding  fspccs;  for  the  percentngc  loaa  in 
dry  substance,  so  far  its  our  exp€rience  yet  goes,  varies  but  sliEhtly  from  tb*j 
perceutase  lues  in  energy. 


g2.    THE   EKERGY   REQUIREMENTS   OF   AN  ADULT 

It  is  already  dear  that  tho  refjiiirenienti)  of  an  ndnlt  ninsl  be  determine 
e8»enlially  by  the  physieul  work  to  I)e  done,  for  work  is  inseparable  from  a 
consura[)tion  of  suhstanee.  Henee  we  have  fir^t  to  invewtij^'ale  how  great  the 
total  supply  must  be  for  different  ainuunl.s  of  work.  The  problem  is  eimpli- 
fie<l  materially  by  exeluding  the  inorganit-  foodstuffs,  for  it  has  been  shown 
thai  if  the  diet  i«  snnicient.  arid  haw  the  pmper  eonstitution  in  other  respects, 
it  will  contain  also  plenty  of  in(>r>;auic  isubiittinceii. 

To  determine  the  minimal  requirement,  nbfien*ations  muitt  be  made  on  the 
mctuboli.xm  in  eomplete  muscular  retit.     Such  observatioui>  have  given   (ho^ 
following  results:  f 

A  woman,  twenty-Bre  yearn  of  age,  weighing  49.T>  kilograms,  who  was  in  an 
hysterical  sleep  and  ale  nothing,  excreted  in  twenty-four  hnnrs  6.21  g.  N  and 
107  g.  C  =  3S.8  g.  proteid  and  113.2  g.  fat,  corresponding  to  l.i2S  Cal..  or  1.03 
Cal.  ]>er  kiln  per  bntir. 

In  bis  c«lorim«?lric  experiments  Alwater  obtained  as  a  mean  of  Mxtetn  deter* 
minationB  of  the  heat  lofts  in  sleep  (from  1  a.  K.  to  7  A.  H.),  the  value  of  l.OU  C 
per  kilo  per  hour. 


The  minimal  requirement  of  the  adult  man  may  he  plecerl,  therefore, 
1  Cal.  per  kilo  per  hour — i.  e.,  for  a  man  of  70  kg,  l.flRO  Cal. 

But  for  patients  in  a  weak  bodily  condition  muscular  rest  so  complete 
as  this  never  fXTuri*.     The  skeletal  muscles  are  always  moved  ia  a  greater 
less  extent;  hence  metabolism  must  be  somewhat  greater  than  in  sleep. 


The  cxporimeiitB  of  Pultcnkoffer  and  Voit  on  iiiHividiialu  at  rest  give  aal 
avemge  (for  twenty-four  hours)  of  2.30:t  Col.  in  fasting  and  2,675  Cal.  on 
moderate  diet — Lc.,  32.9  and  38.2  Cat  respectively  per  kilo  per  day.    In  expcri- 
mentA  by  Sond^n  and  the  author  on  eight  resting  men  between  the  Rge«  of  nine- 
teen and  forty-four  years,  the  metabolism  varied  from  1.853  to  2,292  Cal.. 
from  26.3  Cal.  to  3fi.O  Cal.  per  kilo  per  day.    Eckholm'a  results  on  ten  studen 
and  thirteen  soldiers  between  nineteen  and  twenty-five  years  gave  a  mean  resu 
of  3S.6   and   37.0   CbI.   respectively.      From   Atwater's  catorimetrie   experiments 
carried  out  on  three  different  subjects  and  covering  forty-five  days,  we  get  a  total 
metaboliam  for  the  resting  man  of  2^41  Cal.— i.  e.,  32.9,  33.3,  and  33.4  Cal.  per 
kilo^un. 
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The  metabolism  of  a  grown  man,  who  neillier  resis  absolutely,  nor  iloe§ 
any  refll  pbjsical  work  (providing  he  recoivc  not  too  limited  a  supply  of 
food).  nia>-  bo  wlimalwl,  ihereforu,  at  30-3G  Cal.  [wr  kilograpi  per  Iweutj- 
four  hours — i.e..  for  a  Iio<Iy  wei>;ht  of  70  kg.,  2,I0lt  to  a,53(J  L'ol.  Conse- 
qucnlly  a  ration  wliii-h  doc8  not  supply  at  (eoat  2.UUU  Col.  not  (i.e.,  allowinff 

per  c«nt  waste;  cf.  page  14U)  must  be  declared  in&unieicnt  for  a  ptiyKirul 

JTW. 

I^lK)rcrB*  rations  may  be  divided,  according  to  the  amount  of  energy 
rer|uiresl,  into  several  different  groups.  The  following  is  arranged  especially 
for  men: 


Omppi*. 


CftloriM  (m«). 

Sufnclent  for  « 

OhMte. 

S.00t-?.400 

ShoeniKkflr. 

England. 

S,-I0UJ,71KJ 

Wi^vor. 

Sax  on  J*. 

a,70i-a.ioo 

Si'Mier. 

Gortnanr. 

Scotltnd. 

<;Mi-i.iO(> 

t-'ann  laborer. 

4,101-4,000 

Kxi-K«»t<>r. 

France. 

Orer  5.000 

Luiiibenuao. 

IlATariiL. 

I 


The  folloving  may  he  given  as  pxamplt^  of  rationH  which  would  yield  on 
arerage  supply  of  energy  Hutlicient  for  eaeh  of  these  clawcs: 


I 


Qmovr. 

craw 

Tab 

Ckrbo- 
hydnite. 

CUoriM, 

■KNB. 

not. 

CWorlw  par  hg. 

I 

84 

m 
lao 
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1«7 
IM 

sa 

SB 
«4 

71 

BU 

lae 

SM 

513 
520 
C77 
774 

2.483 
9JSM 

4:0M 
4,688 

e^iMH 

2,988 
9j«18 
4.918 
fi,ft48 

sa 

a 

w 

ra:  :.:::.:.:. 

43 

IT 

ss 

60 

vt '.. 

SI 

■ 

Within  the  ladt  few  year:!  a  large  number  of  obverrations  on  the  nutrition 
•f  meci  who  had  free  ehoico  of  Ihcir  own  food,  have  boon  mudi-  under  At- 
vater*»  direction  in  the  United  States.  The  results  are  nx^^nlul  in  the 
following  table: 


Oaovr. 

Oil.,MC 

Iftunbcr 
TtUcMia. 

Protrtd. 

gnmrn;  g. 

Fu.r 

CartM- 

CkL. 
gram. 

CkL.Mt. 

Oal. 

■i 

n    ,  . 

^iv 

tOOI-S.400 

a.40 1-3.700 
1.701^20" 
8,201-4.100 
4.I0(ML00O 

93 
16 

a? 

14 

87 

89 
10.1 
124 
14$ 

90 

113 
1S$ 

147 

ei5 

803 
Mtt 
400 
510 

2.484 

1.801 
8.369 

fi,10S 

2.191 
4.90S 

30 
37 
41 
61 

V'lii  lia)«e<l  hip  practical  conrlu-inns  for  thp  nutrition  of  an  s<lnlt  man  on 
the  requirements  of  a  moderate  worker,    lie  describes  oa  a  ''  moderate  worker/' 
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a  man  strong  enough  to  do  nine  to  ten  hours'  work  every  day  heavier  than 
that  of  a  tailor  and  lighter  than  that  of  a  blacksmith — the  work  for  example 
of  a  mason,  a  carpenter,  or  a  joiner.  Moderate  work  so  defined  corresponds 
fairly  well  to  the  amount  done  by  most  manual  laborers,  and  comes  nearest 
to  Group  III  in  our  classification. 

Voit's  ration  for  the  moderate  worker  is:  118  g.  proteid,  56  g.  fat,  and 
500  g.  carbohydrate  =  3,055  Cal.  gross  or  2,749  Cal.  net. 

While  it  has  been  generally  admitted  that  the  absolute  supply  of  energy  io 
this  ration  corresponds  well  with  the  actual  requirements  and  is  estimated  rather 
too  low  than  too  high,  it  has  been  remarked  by  many  that  the  amount  of  pro- 
teid is  too  high  and  that  a  moderate  worker  can  get  along  perfectly  with  lesa 
proteid.  Munk  for  example  proposes  110  g.  proteid  instead  of  118  g.  Now  it 
is  not  a  matter  of  great  moment  whether  the  diet  contain  110  or  118  g.  prot«id. 
The  rations  which  we  have  brought  together  for  our  Group  III  contain  on  the 
average  130  g.  with  113  and  151  g.  as  the  extremes.  From  Atwater's  results  vte 
have  for  the  same  group  103  g.  with  52  and  152  g.  as  the  extremes.  This  is  not 
the  place  to  discuss  the  grounds  which  have  been  taken  for  a  reduction  of  pro- 
teid in  the  ration.  In  the  opinion  of  the  author  thcRC  grounds  are  by  no  means 
sufficient  for  the  purpose  intended,  hence  the  best  thing  to  do  is  to  choose  for  a 
normal  ration  on  containing  not  less  than  118  g.  proteid,  even  is  many  observa- 
tions do  show  that  a  "moderate  worker"  can  gei  along  with  less. 

[Chittenden's  recent  experiments  on  several  groups  of  men  of  different  de- 
grees of  muscular  and  mental  activity  (university  professors,  college  athletes, 
and  United  States  soldiers)  indicate  strongly  that  Voit's  proteid  ration  is  ex- 
cessive, lie  found  that  without  exception  these  persons  (numbering  twenty-six 
in  all)  were  able  to  maintain  their  physical  and  mental  vigor  for  periods  of 
from  five  to  nine  months  on  an  average  of  56  grams  of  proteid  per  day.  These 
results  accord  with  Folin's  theory  of  metabolism  (cf.  page  137),  which  looks 
upon  a  large  part  of  the  proteid  ingested  in  the  average  diet  as  so  much  waste 
material  to  be  removed  at  once  from  the  circulation  by  the  liver. — En.] 

Voit's  motive  in  dividing  the  nonnitrogcnous  foodstuffs  for  a  moderate 
worker  between  fat  and  carl)oh\drates  as  he  did,  way  to  make  the  diet  as 
inexpensive  as  possil)le.  Ho  takes,  therefore,  as  much  carliohydrate  as  in  his 
opinion  the  intestine  can  digest  easily — i.  e,,  500  g.  The  remainder  of  the 
energy  reiiuired  he  takes  from  fat. 

Of  covrse  it  would  not  be  correct  to  regard  500  g.  as  n  real  maximum  of 
carbohydrates — and  Voit  does  no*.  The  intestine  can  manage  greater  quanti- 
ties; but  this  alone  is  no  reason  for  increasing  the  carbohydrate  at  the  expense 
of  fat.  Experience  has  shown  with  perfect  clearness  that  the  human  body  has. 
a  very  pronounced,  if  not  always  n  perfectly  intelligible,  need  for  fat;  so  that 
the  quantity  in  Voit's  ration  (.^0  g.)  ought  probably  to  be  regarded  as  the 
minimum  for  the  diet  of  a  moderate  worker  (of.  fables  on  page  141). 

^Ticn  the  amount  of  work  to  be  done  is  greater  than  that  of  a  moderate 
worker,  experience  leaches  us  that  both  proteid  jmd  X-froe  substances  are 
eaten  in  greater  quantities,  but  the  supply  of  proteid  is  not  increased  as  much 
03  that  of  the  N-frce  substances.    According  to  Voit,  soldiers  in  field  maneu- 
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tB»  (hard  labor)  require  135  g.  proteM,  80  g.  fat,  and  500  g.  carbohydrates 
=  3,348  Cttl.  groiis  and  3,013  Cal.  net.  uiid  in  war  (sovcro  labor)  115  g. 
prattud,  100  g.  fat  aad  &U0  g.  carbohvUmU)  =  3,575  Cal.  gmss  and  3,218 
C'aL  net. 

Our  Group  TV  contains  on  the  average  3.618  Cal.  net  which  can  be  supplied 
in  141  g.  pnii«-itl.  71  g.  fat.  and  «77  k.  ca rbuhydratcs.  We  sw;  that  ihia  ration 
a^reeii  i»n  the  whole  rerj-  well  with  thut  di-mamled  by  Voit.  For  a  similar  clasa 
(3.569  Cal.>  Alwatcr  (IV)  (inds  12-t  g.  proleid.  11"  g.  fat.  mid  &U)  g.  rarUi- 
bkrdratCB  tu  bv  the  requirement. 

The  following  data  by  Atwat^r  may  be  giren  a«  further  examplen  of  diets 
suilnl  Id  m-vvTv  labur:  Participants  in  u  niwiiiR  contest  (American  students): 
155  g.  protrid,  177  g.  fat.  440  g.  carbuhydrutir^  ="  4,085  Cul.  grw^.  Kootbali 
pUjcn:  (1)  181  g.  prolt!id.  202  g.  fat.  55"  g.  rnrb>h.v(lratw  =  .5.740  Cnl.  ((rross); 
(3)  370  g.  proU'id.  4H  g.  fat.  and  710  g.  carbuhydratea  =  73d5  Cal.  (gni^m). 

Din-ct  inffirmHlinii  on  the  dief  nf  wnm^n  in  still  ejitrpnicly  iiienger.  Hnv- 
in^  a  •tuialler  IkhIv  than  man.  and  doing  a»  a  rule  \c^  plmlcal  work,  a  woman 
natumlly  rttjuirea  a  Mnaller  supply  of  energy  than  a  man.  Aswumin^  that 
the  weight  nf  the  woman's  body  is  four-fiftlis  thai  of  Iho  nmo's  hik)  that  Iht 
ilyjli?m  Itcar*  the  same  relation  to  hi«.  we  olttain  Volt's  ration  for  feinale 
icn:  94  g.  proteid,  45  g.  fat  and  40U  g.  carbohydrates  =  2,111  Cal. (gross) 
and  2.200  Cal.  (net). 

S3.    mJTRITION   OF   THE    YOUNG 

It  if  evident  that  the  growing  body  nerds  relatively  more  fooil  than  the 
adult,  both  beeaui^;  it  is  ^^nialler  and  lieeauw  its  organs  mu^t  increase  in  size. 
Moreorer,  exprriment  has  shown  that  the  young  bodv  has  a  more  nelive 
metalmh^m  p^T  unit  nf  body  nurfarr  regnrdless  of  its  .^mailer  ^ttc  ( pa^e  IIH). 

In  onler  to  make  possible  a  fuller  prcsenlalion  of  the  metabolism  in  the 
growing  body,  we  have  brought  together  in  the  following  table  a  numtier  of 
obMrrations  on  the  mean  COj-output  taken  a  short  time  after  a  meal  while 
the  indifidnals  were  fitting  <piiet.     Still  other  data  w*ill  lie  found  on  page  1 1ti: 
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With  males  we  see  that  the  excretion  of  carbon  dioxide  is  greater  betvceit 
the  ages  of  fourteen  and  nineteen  than  in  older  or  younger  individuals  of  tbc 
same  sex.  This  agrees  very  well  with  Key's  observation  on  the  growth  of  boys, 
namely  that  beginning  with  the  fourteenth  year  the  increase  of  the  body  in 
length  and  weight  takes  place  much  more  rapidly  than  during  the  years  imme- 
diately preceding  (nine  to  thirteen).  This  period  of  rapid  growth  continues 
for  four  years  (cf.  Chapter  XXVI,  second  section). 

To  judge  by  the  elimination  of  COj,  a  boy  from  nine  to  thirteen,  therefore^ 
would  need  almost  as  much  food  as  a  man  resting,  and  boys  between  fourteen 
and  nineteen  still  more.  We  must  not  overlook  the  fact,  however,  that  the 
calorific  value  of  the  COj  is  very  different  according  as  it  has  its  origin  in  the 
metabolism  of  fat,  carbohydrates  or  proteid.  Since  in  the  above  table  the  in- 
dividualii  on  whom  the  experiments  were  made  belonged  to  the  same  class 
of  society,  and  so  far  as  the  diet,  etc.,  were  concerned  lived  on  the  whole  on 
the  same  plane,  it  may  be  assumed  with  great  probability  that  the  average 
composition  of  their  diet,  and  consequently  the  share  of  the  different  foodstuffs 
in  the  formation  of  COj.  was  about  the  same. 

With  females  the  COj-elimination  does  not  show  the  significant  rise  which 
appears  in  boys  between  fourteen  and  nineteen.  From  the  eleventh  year  on 
but  slight  differences  due  to  age  make  their  appearance :  in  an  eleven-year-old 
girl  the  COj-excretion  was  26  g.,  in  a  woman  of  thirty,  29  g.  We  might  say. 
therefore,  that  the  requirements  of  a  girl  of  eleven  are  just  as  great  as  those 
of  an  adult  woman  at  rest. 

Comparison  of  the  COj-output  of  males  and  females  of  the  same  weight  and 
age  shows  that  during  the  years  of  growth  it  is  considerably  greater  with  the 
former  than  with  the  latter,  and  that  the  ratio  of  female  metabolism  to  male 
metabolism  estimated  per  kilogram  of  body  weight  is  about  100:140,  In  men 
and  women  who  have  already  passed  the  period  of  growth  this  difference  gradu- 
ally diminishes,  and  as  old  age  comes  on  disappears  altogether. 

The  figures  of  this  table  differ  considerably  from  those  given  by  Magnus- 
Levy  and  Falk  in  the  table  on  page  118.  The  reason  is  that  the  subjects  of  their 
experiments  had  not  eaten  recently  and  were  in  absolute  muscular  rest,  while 
the  results  brought  together  in  the  table  now  under  consideration  were  obtained 
upon  individuals  in  a  sitting  posture  shortly  after  a  meal.  On  this  account 
Magnus-Levy  and  Falk  found  no  difference  in  the  CO,-excretion  by  males  and 
females.  The  difference  which  we  have  noted  above  is,  in  all  probability,  traceable 
to  a  greater  tonus  in  boys'  muscles  than  in  girls'. 

By  way  of  comparison  with  the  direct  data  on  the  metabolism  of  the  grow- 
ing body  we  may  add  also  the  standard  figures  which  Atwater  uses  in  appor- 
tioning the  diet  of  a  family  to  its  different  members.  Taking  the  food  require- 
ments of  the  father  as  1,  the  requirements  of  the  others  would  be: 

Of  the  mother 0.8 ; 

"       Bona,  14-17  years 0.8 ; 

tlHUffhtors.  14-17  years 0.7; 

ehiliireii,  10-13  years 0.6; 

0-9  years O.JS ; 

"  '■         »-."»  years , 0.4 ; 

"  "         under  2  years 0.8. 
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g4.    CORSTRUCTIOn   OF   THE   DIET   FROM  THE   DIFFERENT 
ARTICLES  OF   FOOD 

Jn  atiiifying  llie  roriiiin'mc'ins  of  Iiitt  IkmIv.  mnn  has  a  prat  variely  nf 
bolh  aiiiiiial  and  vegftatjJy  in  origin,  from  whk-li  In  chooso.  Hitvntlv 
ihi!  qacstion  lin*  U*d  much  discussed  in  certain  nuariers  wtiethtjr  the  uatunil 
fo<Hl  of  niHii  should  Ik*  luixtHl  or  should  he  piirciv  vpvoia)i|i\ 

That  a  pxirvW  animal  diei  is  not  suited  tn  the  requirftiienbt  nf  ilip  huiiifln 
Ukly  ftfter  the  [xtriod  of  infiinoy  is  paiMed  now!  not  t«e  provinl  Ht  lenjjth.  On 
lh«f  mie  hand,  if  we  oici?[ii  milk  and  liver,  the  carlHiliviImics  are  prariically 
ftboent  entirely  from  such  a  diet;  and  on  the  other  hand,  the  relativcjiy  long 
huiniin  interline  i*  not  MifTioienlly  stimulated  by  an  cxchiaivcly  flninial  diet 
to  prrvent  the  nNidues  of  the  foinl  and  the  dlgeftiTC  fluids  from  reinaitiin^ 
orerlnnjr  in  the  intestine. 

All  the  reqnircmcntd  of  tho  body  can  he  met,  however,  by  foods  of  vfgriahle 
ttriffin  alone;  for  tlicy  contain  faljt  and  carbnhydraiert  as  well  ha  proti-id. 

V(?j.'etanans  ai^iime  timl  a  purely  |»lunt  diet  U  ihe  ritily  natural  food  of 
nuui.  But  a  number  of  objections  can  bo  raised  against  this  conception.  For 
exEmple.  fat  occur?  in  plants  in  lar^  quantities  only  in  the  form  of  vi^tahle 
niU.  and  the  only  place  the  latter  H^re  to  any  extent  in  the  {ireparation  of 
Tiotuals  18  in  wouiliern  ennntrie^.  Hence,  in  many  rejiionrt  it  is  not  en*y  on 
a  pup;ly  vegetable  diet  to  supply  the  liody  with  a  suflicient  f|uanlity  of  fat. 
To  nhtain  fal  the  liody  must  appropriate  animal  footls.  Again,  mo-tt  vegetable 
fiiod«  in  proportion  lo  their  percentage  of  proioid  are  much  more  bulky  than 
animal  food--*,  nnd  their  volume  is  sitill  more  inereai^eil  by  the  absorption  of 
rator  in  their  propamtion,  wlie^-a*  animal  (mvU  Ion?  water  in  preparation  and 
bunee  become  less  bulky.  Bwides.  the  nitrogenous  constituents  of  most  vege- 
table foofU  are  but  poorly  absorbed  in  the  interline.  In  order  to  supply  the 
body  with  plenty  of  proteid  from  purely  vegetable  wurccs  one  is  compelled, 
fore,  m  I'at  a  railuT  voluminous  dirt.     In  w>  doing  he  riin.<i  the  risk  of 

ting  too  inueli  work  of  the  digestive  organs,  whence  various  untoward 
effevu  might  r^nilt.  To  prevent  these,  it  ir  needful  that  a  port  of  the  daily 
ntion  be  drawn  from  animal  rauroee. 

Thi»  i«  admittc*!  by  ilw  vegetarian  who  eat*  no  meat,  but  allowfi  himnelf  the 
pleaaitre  "f  inilh.  efut*  and  dairy  prtnluei-s.  In  his  case  tht'  diet  i*  no  longer 
puwly  vegetable,  for  it  contains  both  fat  and  i>r«»teid  deri¥<Hl  fmm  animal 
Ch***"**  i«  an  ortiele  veri-  rich  in  proteid.  and  in  butter  and  milk  Ibe 
ran  gvt  all  tlw  fnl  it  prquircB.  So  far  as  tlu"  quesnion  is  dcbatdble  at  all, 
narrows!  ii«elf  1.i  wbother  or  not  meats  shall  he-  inclmlcd  Iii  the  diet. 

From  a  puroly  plivsioliVfiical  imint  of  viow.  we  can  find  no  reason  wh.v  a 
bralihv  man  «;boidd  for^iio  (be  uw  of  so  exi'ell*'nt  an  article  f>f  food.  ronsidere<I 
with  n«)H-«t  to  it-t  content  of  proteid  and  fat  or  it-*  eminent  fldnplabilit.v.  as  we 
know  iTM>Bt  in  Im>.  Bm  in  so  statinir.  I  <io  not  wi^h  to  l>e  understood  as  naying 
thai  one  should  ejit  any  quantity  of  meat  he  pleases,  or  should  cover  loo  much 
of  hi<  rrquiremenia  with  meat.  In  Ion  larpre  quantities  the  rxtractive  substances 
found  in  meat  may  possibly  produee  di-iorder*  of  one  kind  or  another  in  the 
Ixjdy  <cf.  Chapter  Xil.  §  1).  The  metabolism  might  ab«o  take  an  abnormal  or 
DBfaTontble  form,  if  the  fluids  of  the  body  were  flooded  with  too  much  pro- 
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leUi.    Fiually.  it  i^  po»sibk  tlinl  in  certain  diseased  coDtlitions,  meat  would  b« 
harmful,  ntid  thiit  Hom[-  iwnoit)^  lutvc  a  positive  oversiuii  to  it.  fl 

It,  lh<Tefore,  ihc  individuol  e^t  a  sufficient  supply  iif  pmteid  and  fat  in  ^ 
other  articlpi*  of  diet,  like  cbccat-  atid  butter,  so  thnT  prent  bulkiness  can  be 
avoided,  meattj  an-  ui>t  ak'^nliitfl.Y  iieeessar>'.     But   from  th«  standpoint   of  tbe  ^m 
physiology  of  nutrition,  cIhtu  it;  uu  ruueuu  for  avuidiiiju;  tbiia.  ^| 

Apainst  the  claim  thai  tlie  vegetable  food*  constitute  the  natural — i.e.,  th« 
orijiitial  diet  of  uian — this  ndrlilinnal  objection  can  be  Taisod:  the  m(wt  im- 
portant of  ihe  ve^etahk'  fooil-,  n»iiiely  llie  cerwils,  nre  wubji'it  lo  the  ai-tioo 
of  the  digestive  fluidti  ordy  after  thorough  proparation ;  whereai^  man  had ' 
]i%"cd  A  long  time  nn  the  f-arth  before  he  had  prop^^ssed  so  far  us  in  undcr- 
stand  how  to  cultivate  the  soil,  cook  liis  food,  grind  his  grain  and  hake  bn'ad.l 
Meat,  howfvpr,  require*  nn  further  im'paration  fnr  eatinfr  thnn  tn  )m>  divided 
iuto  fimall  pieces.  We  have  n;asoa,  therefore,  for  claiming  ratlier  tliat  man 
was  originally  carnivorous. 

There  are  Ihow  who  would  have  us  lielieve  that  the  really  natural  diet  ni 
man  coiisiBt.';  of  fruils.  But  it  is  not  n  very  easy  inatter  at  bc-^l  tn  gel  pmtei< 
and  fat  enough  from  fruits,  and  l»e-«i(U--.,  in  many  inhabited  lands  it  is  quiti 
impossible  to  raise  any  fruits  or  any  kiml  of  vegetable  foods  in  largi;  enough 
quantitieu  to  provigion  the  [wpulaliou. 

Our  eonchisiou  it*  ihnt  the  diet  most  generally  suitable  for  man  is  a  mixedtl 
diet,  eoni|K>(ted  of  Ijoth   aiiinial  and  vegetable  fiioils.      It    ic  only   by   n-aHm 
of  bis  ability  to  utilize  all  itort-t  of  fowls  thai  it  has  Iwen  poKtible  for  man 
to  people  the  entire  earth  from  the  equator  to  the  polee.  , 
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CHAPTEU    V 

THE    MJMD 

Thr  blood  M  the  common  nufrilivr  fiuid  of  the  hodi/.  Privpn  hy  the  hfflrt 
ifamujtii  i)h>  viiMTular  ^vi^leiu  iii  iiii  uuiiitt^rruplctl  I'iri'aiii,  it  t^upplioji  nil  jiarU 
of  thi-  hndy  with  all  the  suhptaiin**  nocMsary  for  their  p"owth  ami  mainte- 
njiDM',  tt^"  tt'ull  a.->  f<ir  the  cornltiislinii  piiii};  rm  in  tht*m.  Hi!^iili-M,  llii>  IthKul 
rvmuvvs  fnjiu  all  partit  i>f  llit*  luxly  Lht*  j^rejiU'r  i«irt  of  ihe  (lii'omjHwIliuii 
protliii'U  formed  in  the  llfo  prncL's^*,  and  i*  in  ttn  turn  n'lierod  of  these 
prodacl^  during;  iU  pa«*^j^  ihrou<;h  the  cxcreton'  or^ranf. 

The  hlo<)(l  U  a  r«nl.  opaque  Ihii*!.  i<oiiiewhat  iK'avler  than  water  («p.  gr. 
iDiin  l,o.*i7-l. <»''>«,  in  wiiiniin  l.ft.lS-I.Oiil).  It  Im;*  a  willy  taste,  a  tipiitml 
lotion,  mwi  a  ]Ki-uliar,  stale  uilor.     It^  speuitic  huiU  umouJits  lo  U.8Gi>3  (aC 

kboDt  3r  C). 

The  bhxMl  hn|cl<*  its  nvutral  reaction  with  thi^  trn^t<*^t  loiiaoity.  In  order 
\n  nbtaiD  H  ml  rolnrstion  with  phrtiolphthnlein  li.v  adtlitinn  of  couKlic  snda  to 
tlu--  wnim  of  ux  IjIkihI.  niii'  mu^t  mid  Howiity  iiniii>  a-*  miK^h  of  thi-  alkali 
•M  wiiiiM  Itr  iH-<T>L'«4iry  if  it  ucn'  Ix-itiK  udrlcil  to  inin'  wiilor  in  onlcr  to  nhtiiiii 
iht-  inttw  rrocriun.  The  same  serum  inixud  with  nH'tiyrl-nrurim*  rfijuinw  tbrw 
buiidn-d  nnd  tvrciity-wveu  times  a^  much  Ii/ID  IICI  a«  di*r«  pun:  vrntor  Iil  ordor 
briuit  out  \\w  ri'd  coKiniiiun.  Thr  rxidnnuiinn  of  this  tirhavior  liiN  iti  lli<> 
ibU»  acid  iind  basic  chnracler  nf  ilw  st-runi  jtroicids  ( Kriiik'tiihal). 

On  micrm^'opic  examinatiDn  tlu-  blood  is  found  to  cnnslpt  of  a  fluid.  Hi« 
pla'nid,  in  which  finni  jtrcnt  nutnliors  of  foriiuil  cb-nipnts,  Tlit^*e  Uller  fon- 
ktilui'lit^  vhifh  ca\lM>  tht^  o]>aeity  of  lliu  hlooil  an.>:  (  I)  llii>  rfi  tihmtl  i-orptut- 
Wr»  lo  whidi  Ihe  hbtod  oww  il*  ro«l  color;  (2)  the  irAi'/r  corpwcles;  (3)  the 

A  few  minuttti  (In  man  thn-c  tn  iwelvc)  after  the  Iiloml  \a  dniwti  fmm 
■n  Mprn  Mo(mI  vismcI  it  we\»  inl^i  a  jellytiko  n\af*,  which,  as  will  lie  more  fully 
di^ruK'^tl  Inter,  irt  due  to  ihe  fael  that  a  proleid  IhkIv  presoiil  in  the  ploi^tna 
14  oe[>uriiled  out  (c>>a(rulu(ed)  in  (he  fonii  of  a  Milid,  llit.*  SM-cullett  fibrin. 

The  ciMiffnlattNl  fibrin  Is  a  fihrrtu*  stnuture.  which,  althoujjh  it  anioimN 
to  only  O.a-I.O  per  cent  of  the  iiloo«i.  perrm-fttes  jintl  iticloiys  in  ibi  niislieit  thi> 
mtire  msM  of  the  t-lot.  (irndually  the  fibrin  sbrinki:.  iu  con»c<fuenec  of  which 
a  (Mil*-  \i>Ilnwish  Huid  i<  preitol  mil,  The  quantitv  of  this  fluid,  ihe  sfnim. 
increa-<».*  proirrestiivtrly  and  tinally  ihen'  remains  of  the  eon^dum  a  siniiller 
mn<liitil  »!»-■»>.  whieh  eungi^tf  of  the  fibrin,  the  blood  enrpusrie::)  ineloiscd  in  it, 
am]  ih<-  Afnim  *till  present  in  it^  inteniticoi.  The  blood  ptasma  therr/forc 
niiMMt^  of  Qbrin  and  wrutn. 
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Fibrin  may  be  separated  out  also  by  whipping  shed  blood  with  a  stick. 
After  this  operation  the  blood  remains  fluid,  the  fibrin  having  been  collected 
in  the  form  of  a  white,  stringy  mass  on  the  stick. 


g  1.    THE  AMOUNT  OF  BLOOD  OT  THE  BODY 

The  method  of  determining  the  amount  of  blood  in  the  body  is  in  brief 
as  follows:  a  normal  sample  of  blood  {h)  is  first  drawn;  then  the  animal  is 
l)k'd  and  the  vascular  system  is  washed  out  with  water  until  the  water  flows 
out  perfei'tly  clear.  The  water  tind  blood  are  a<ided  together  and  the  total 
quantity  designated  m'.  The  normal  sample  of  lilood  is  now  brought  by  addi- 
tion of  water  r  to  the  same  color  as  a  sample  of  if.  Then  if  wc  designate 
liy  1/  the  amount  of  blood  washed  out,  it  is  evident  that  b:b  -\-  r::y:w.    From 

ft  X  '" 
which  y  =  yj^ —    The  total  quantity  in  the  body  is  therefore  6+^  =  6  + 

h  X  "■ 

J-  (Uelcker).     This  method  is  not,  however,  quite  exact,  for  after  the 

washing  there  still  remains  in  the  organs  from  eight  to  sixteen  per  cent  of 
the  total  haemoglobin. 

Tlie  amount  of  blood  determined  in  this  way  amounts  to  seven  to  nine 
per  cent  of  the  body  weight  in  the  dog.  five  to  nine  per  cent  in  the  rabbit  (in 
the  latter  after  removal  of  the  intestinal  contents).  Bischoff  found  in  the 
dead  bixlies  of  two  executed  criminals  the  quantities  7.1  and  7.7  per  cent  of 
the  body  weight. 


§2.    THE  FORMED  CONSTITUENTS  OF  THE  BLOOD 

A.   THE  RED  BLOOD  CORPUSCLES 

In  most  mammals  the  red  blood  corpuscles  are  thin,  flat,  slightly  bicon- 
cave, circular  disks,  composed  of  a  soft,  extensible  and  very  elastic  substance. 
By  transmitted  light  the  color  in  thin  layers  is  yellowish  green;  in  thick 
layers,  red.  In  birds,  reptiles,  amphibia  and  most  fishes,  as  well  as  in  the 
camel  family,  they  are  oval  instead  of  circular.  In  the  cold-blooded  animals 
and  in  birds  they  have  a  nucleus:  in  the  mammals  no  nucleus  is  present  in 
the  mature  form  of  the  corpuscle  (cf.  page  17). 

The  diameter  of  the  red  blood  corpuscle  in  man  is  0.007-0.008  mm.,  its 
thickness  about  0.0016  mm.  The  volume  of  a  single  corpuscle,  according  to 
Welckcr,  amounts  to  0.000000072  cu.  mm.,  and  its  surface  to  0.000128  eq. 
mm.  One  cu.  mm.  of  human  blood  t-ontains  about  5.000,000  red  corpuscles 
for  man  and  about  4..iO(>,000  for  woman.  The  total  surface  of  the  red  cor- 
puscles in  1  cii.  mm.  of  blood  therefore  amounts  to  040  sq.  mm.  in  man  and 
57(1  sq.  mm.  in  woman.  Since  the  total  mass  of  the  blood  in  man  is  about 
seven  per  cent  of  the  body  weight,  i.e.,  in  a  body  weighing  70  kg.,  about 
5  kg.  in  round  numbers,  the  totiil  number  of  red  Idood  corpuscles  in  a  man 
is  25,000,000,000,000.  and  their  total  surface  3,200  sq.  m.  (=  0.8  acre  nearly). 
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(The  body  surface  of  a  grown  man  is  only  about  2  sq-  m.)  This  enormous 
eicent  of  sarfaoe  of  tlie  red  bltwil  corpusicl^^  is  of  ffrx-at  significance  Ui  coa- 
Dection  with  Iheir  function  in  rexpiratton  (Chapter  IX). 

Moreover  ili«*  niiintM>r  uf  red  blood  coi-|'U''i*lt*^  >>i  I  (-'U.  mm.  of  blood  varifl 
not  ■  little  untltT  {nrfivtly  nrtrmal  piivtimHiaiu'eii.  Some  nul-hon)  hare  obperred' 
an  )ni*n>ii»e.  uthf^'ts  a  JeorouM  in  thi-  number  After  moals.  There  is  substantial 
^^  Bfcrvmicitt,  h4tM-cvpr.  ihnt  eomplel«.>  or  partial  abstincn<Y  from  food  doeo  nnt 
^p  mdutv  tbe  oumbvr.  Rarefaction  uf  tbt>  nir,  a»  vn  niountain  tops,  increasca  lh« 
nt]tnhcr  of  red  i>or|>UScIei  iter  cubic  millimct«r  of  blood  rory  cousiderablj',  and 
tiic  vifivl  U  not  due  t«  ati  exctwiivf^  fliniiuuii»u  of  wal^r  frrjni  Ihv  b<id,v,  for 
the  Mmr  thinif  has  btcn  noli^d  on  oniniaU  where  un  inon.>AM>d  tninsjuratinn  of 
vatfr  wan  in))H:>!i<>iblt>.  The  inrrra.o^  ba»  txK-ii  rcK^rdrd  ah  an  nlti?mpt  on  the 
part  of  the  orfFantain  to  offset  int-omplele  soturation  of  tW  blood  with  oxygvn, 
nraltinft  from  lotrer  air  p/c»«ure.  But  iliis  explaualioii  doe»  not  suffice,  for 
the  incrva-se  Lake^tplarr  ju^t  the  name  before  the  nxluction  of  preeauie  tit  sufli- 

■    cient  to  affoct  the  abtiorption  i^f  oxygen. 
It  *h*>u)<]  b^  reniarknl  in  connection  with  The«e  and  other  normal  Tariationa 
in  the  uumher  wf  red  hlood  corpuBclu-*.  tbat  blood-eountii  fcive  us  only   iht-  rela- 
tirt-  number,  and  do  uui   thn>u~  niiv   liiitii   on   the  total  number  of  eurpiisclea. 

■  For  it  must  not  be  forgotten  tliat  umicr  Home  circumaianom  the  relative  inim- 
brrof  corpnacles  in  different  parts  of  the  bi"Mly  varies  Rrpatiy  ^Zuiitz).  nir  rhal 
an  «tad«lion  v(  plasma  from  the  vc**fl»  may  produeo  an  apparent  inoreaso 
(Banire>^iii  rbort.  it  i'i  nol  an  easy  matter  pro|>erly  and  exactly  to  estimats 
llie  total  number  of  blood  cor|>u«clcs. 

ITh»  fpfcific  gmrity  of  the  r«d  c«rpti*cle«  (1.008-1.105)  »  greater  than 
that  of  tlie  plasom  or  of  the  serum  (ihe  fip.  gr.  of  the  latter  in  man  amounts 
to  about  1.III7).  Rcnce  thev  sink  tn  (he  liottom  of  a  ve^wl  in  which  the  bloiwl 
U  can^t,  provided  tro  are  dealing  wittt  whipped  blond,  or  blood  whose  congu- 
iBiDn  i^  fimficially  ittopped  or  relnrdwl.  Since  the  .^epsrution  of  the  blood 
Br|>uwles  from  the  plasma  or  ^eruni  run  Iw  accomplished  much  more  rapidly 
with  the  cmtrifu(pj  than  by  mere  wttling,  this  infitrum(>nt  i?  often  uwkI  in 
blood  work. 

\M\  the  addition  of  very  small  cjuantitieA  of  mo^t  aeidit  or  aeid  lialti*  of 

Fe,  .\1.  Zn.  t'u,  Hjr.  Sn.  Ag.  Au.  Tr,  Mh,  the  red  blood  eorpusrlc*  become 

i^luliuateU.  and  thereby  precipitated.    The  sHme  (nkeit  plai-e  even  with  hirmo- 

glohin-frcv  etromata  lie  well  us  with  the  leucocytes,  and  is  ])rohably  cau.'wii 

jdrect  on  the  contained  glolmlir  (  Pe-tkind ) . 

weight  of  iIjc  red  blood  corpusclw  in  lOfl  parts  f>(  blood  is  ealimalrti, 
•ccjnling  lo  Alex.  Sehniidl,  in  the  following  manner:  (1)  The  [wnvntage  of 
^m  dry  residue  (T)  in  (ho  whole  blood  i*  determined ;  C?)  the  percentage  of  dry 
H  roaidno  (0  in  the  senim  Monging  to  this  (Quantity  of  blood  ;  (3)  the  dry  re*i- 
^1  due  (r)  of  till-  n-d  blood  corpusclo?;  oUiuini-^l  from  100  g.  of  blood.  The  dry 
^M   r\>tiilne  of  the  senini  obtjiini>d  from   100  g.  of  blood  U  then  T— r,  and  the 

ItH)  y  (T     t\ 
eon*f«ponding  quantity  of  cerum  i« -f -j  eo  that  the  weight  of  the 


i 


Tf4  blood  eorptuclea  in  100  partf>  of  blood  is  100  — 
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By  this  method  it  has  been  found  tliat  tlie  wtight  of  the  corpuselM  in 
100  g.  uf  defxhrifiaUd  Itiood  t.i  ^fi  ij.  ^nu-jdit  of  nine  nlwervatirnis)  fur  the  man 
and  S6  g.  (nii'iin  of  i-Ioven  tibservatious)  for  the  woman. 

The  rrd  bloud  vurpuattcs  are  coHtinualhj  goin{j  to  pieces  in  the  bads  '•• 
grmt  numbers,  especiiilly,  as  il  npiicnts,  in  tlio  liver.  Xiiturall^v  there  n, 
under  normal  conditions,  a  cornt*|H>n{liiif;  production  of  new  ones.  In  «m- 
br}'onic  life  Hxq  li\'er  and  spleen  play  a  proinim-rt  part  in  thoir  fonnation. 
In  the  adult,  according  to  most  autlior:'.  red  binod  forpus>ele-'=  are  forniwl  onir 
in  the  red  nnirrow  of  iln-  boiu^.  ( l-'or  the  importance  of  Ke  in  the  fonnation 
of  lui^mojrlobin,  >ax  I'liapter  VIII.) 

Tlie  l)loo<!  corpuscles  owe  iheir  r«l  «»lor  to  the  pigment  substance  hfrm 
globin,  who;«e  ehemical  properties  were  first  cIo*eIy  investigated  by  Iloppe- 

Sevier.      It   unite.''   with  axynon  inio  • 
coni|»ouud     called     oxyhmnogUibtn .    the 
ann^nnl  r«f  wliit-K  dtr|M'nds  (to  «)nie  ex- 
ten!)    iiiioM    the  partial  |)ressure  of  th 
available  oxvjjen.     The  bfemoglobin 
tlio  arterial  bbxid  oecur:*  chiefly   in  thr 
form ;    in    venous   blood    liieinojriobin 
well  ns  oxylm-moftlobin  Is  found;  but  in 
tt^phtfruitrd  hiand  onh/  hfrmoghihin,        ^^ 
jjy  tliinniu>:  with  water,  by  rcpealed^l 
freerinjf    and    ihawinfr,    by    addition    of 
ether,  L'hiorofnrin  or  bile,  or  nf  acids  or 
ba^es.  the  coloring  matter  may  be  wafihe^H 
out  of  the  eorpusclfs  and  hrnirpht  into 
soluiinn.     The  blrwHl  is  (lien  said  to  lie 
of  a  fiihii  color,  or  ii4  hl'>d.     In  many 
CHjcs  the  pfl^iflge  of  the  hemoglobin  out 
of  the  corpuscle  does  not  run  parallel 
the  oiitwfird  diffusion  of  thf  elef-trolytea, 
I'nder  certain  circumstaneej;  ihe  ba'nmglobin  pusses  niit  while  the  elwlrrdyt 
remain  behind.    T'nder  others  the  opptisite  lake;*  plaee:  the  eleclrolytea  lotvi 
the  eorpusele  and  the  ha-moglobin  remains.     This  »how-i  thai  the  mode  i 
combination  of  the  lia;nioglobiu  and  of  the  eleelrolylesi  is  sninewhat  dilFeren 
(Stewnri). 

According  to  Hopfw-Seyler  neither  the  haemoglobin  nor  the  oxyluemoglobi 
is  present  as  huch  in  llie  red  corpuscle,  but  as  a  tolerably  firm  enmbinalio; 
with  another  subfitanee.  probably  b-eitlnn.     Thp  pomhination  which  rontaina 
oxyha-moglobin  is  called  orierin.  udiile  that  of  which  hirmogloliiD  is  a  con- 
stituent is  known  as  phJrUin. 

After  the  coloring  mailer  is  dissolved  out  of  the  red  blood  corpuscles  the 
remains  a  colorless  mass  called  the  tttromn.    This  consists  of  lecithin,  chol 
terin.  proteids.  urea,  and  mineral  substances,  chieflv  potas-'inin,  phosphori 
acid  and  chlorine,  and  in  the  red  blood  corpuscles  nf  man.  sMium. 

By  far  the  greatest  part  (eighty-nevcn  to  ninety-five  |)cr  *fiii)  of  Ihe  dry 
substance  of  the  red  blood  corpuscle  consists  of  Inemoglobin:  (he  stroma  of 
the  blood  eorpusides  amuuul.-*  therefore  to  only  five  to  tliirteeu  (wr  cent.    In 
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the  blood  of  a  mnn  there  id  found  13.8  ]u?r  ii'iit  hicnioglobin.  and  in  that  of  a 
wotiinn  I^.ti  perrvnl. 

The  {|uaDtity  of  bifinofrloUin  in  the  l>Ir>o(l  shown  prwit  vnriation.a  under 
different  cirrumstanc«>.  and  as  a  nilc.  though  not  alwavfe,  ii  viirie-*  directly 
ae  Ihe  uuiulrer  of  eorpu^l^^.  The  quantity  of 
IwTitirtyliibin  in  proprprliftn  lu  the  bodv  weiglit  is 
^nrvle^t  m  the  nf^in'txim  and  ;iink^  rapidly  during 
I  he  tir«l  few  days  afliT  birth — e.  g.,  in  ihe  rabbit 
in  twenty-tiTfi  da>-#,  it  sink;*  from  alwnt  13  j;.  to 
4  f[,  per  kg.  of  body  rL>i};ht.  During  this  time 
the  nlMuliite  tjuanlity  of  ha-inoglobiri  incn-iLse^ 
Hiid  the  iron  Atort-d  up  in  llic  IhkIv  ir  oilier 
i'Dmi."  deei-eaiKS  (Abderhnldon). 

Osyhirmof^lotiin  er^slallizes  ou*  of  it'-  mjIu- 
fion  mori'  ne  le^  readily.  The  mstalu  (  Vig.  4(>) 
■in*  Idooil  red.  are  tram^pareni,  and  l«*l(m;r.  w\\ai- 
ever  their  form,  to  the  rhvmUic  s;/.*lfm  (hiiiiy). 
From  fresh  human  blood  one  may  obtain  three 
ftirin*  of  erystiils.  namely:  (1)  'nrj:e.  (jpalari- 
fonn  plate*,  (2)  sharply  defined,  dark  rwi,  doubly 
P'fmrlive.  four-an^lfd  prism*,  and  (3)  sharjily 
delioed  rwU  niueh  ^plit  up  at  the  ends  (Frie- 
hoe«).  Only  the  oxyhifinojilohin  of  the  M|iiirr<'l 
( Fi^r.  4R  r)  erystallir-cs  in  six-AJded  tablets  of  the 
i  JMaatroaal  mtem. 

Iliemojtiohin  is  distinfjili^hed  from  nxyhwmo. 

>in  ehiefly  by  l*inp  more  ea:<ily  wihible.  unr) 
more  diflieult  of  eryutalliaation.  allliouph  (he  (wn 

BA  n  rale  JBomorphie.  The  ervj^ials  iimt  ihi- 
ter  glutton  of  ha'moj;|nbin  are  dark<'r,  mure 
violrt.  or  pnrple  colored  than  the  erystaU  and 
the  Aoluiinn  of  oxylia-moglobiu.  In  thin  layer- 
Iw-moh'lobin  i*  grvenich.  in  thicker  layers  rwl. 
()»yluenioglohin  soliitinns  arc  nlwavs  rc<I  wlmt- 
ovcr  the  thirkne-w.  Finally,  the  iwu  show  noie- 
Vorthy  diffenmcea  in  llti-ir  absorption  i^[>ectra. 
AH  will  U-  evident  from  Fi;i*-  4T  and  4S.  If 
Ibc  Milntion  ii-  nnt  loo  concentrated  the  abiiorp- 
tion  Rpectnim  of  oxyl»>ino}jlnl)in  shows  Iwn 
buidii  •  and  fi  Mween  ihc  0  and  K  line^i. 
With  wcrtker  6o)utioD5  Iho  fi  band  <Iisa(»pfHr* 
firvt.  The  more  i-flnoentrfltc>l  the  solution  is, 
however,  the  broader  the  hand-:  iMvomc  nntil 
finally  they  fii*e  together,  wherfiby  the  blue  and 
Ihe  violet  p«rt«  of  the  cpcefnim  are  a1  the  )»ame  time  more  and  more  obaetired. 
The  ttl»*or|>tion  HiK-ctnim  of  hn-inoglobin  on  the  i^ontrary  show::  a  single  broad 

tl  U'twecn  the  Ii  and  E  lino*,  btit  nearer  the  D. 

lu  mfthcemoglobm  oxygen  occurs  in  the  Aamc  c|uantitT  as  in  oxyhstno- 
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glol)in.  but  is  more  firmly  united.  There  is  also  a  compound  of  haemoglobin 
whidi  contains  Ic^s  oxygen  than  the  oxyhemoglobin,  but  is  not  completely 
rcdiicud  like  the  hemoglobin.  It  is  called  pseudohamoglobin  and  has  the 
same  iil)sor[)tion  sjieetruni  as  hiemoglobiu  (Siegfried). 

Ha>iuo^rii)i)i]i  unites  with  still  other  substances,  as  carbon  monoxide  (car- 
hou-numoxidi-  haemoglobin)  a  compound  corresponding  to  oxyhaemoglobin  but 
more  stable,  with  carbon  dioxide  {carbon-dioxide  heemoglobin,  cf.  Chapter 
IX)  and  nitric  oxide  (nitric-oxide  heFmoglobin) . 

From  analytical  data  Hiifner  has  calculated  the  following  formula  for  the 
haemoglobin  of  the  dog's  blood:  0^30111020^184^6830 is,  (molecular  weight  = 
14,12i>). 

In  (iiflFcn-nt  animals  hirmoglobin  has  a  somewhat  different  constitution:  for 
the  hn-moKtobin  nf  the  do^,  horse,  swine,  guinea  pig.  and  squirrel  various  authors 
have  found  the  following  constitution :  C  .')1.2-54.9  per  cent.  H  6.8-7.4  per  cent. 
N  l(i.l-17.i>  per  cent,  S  0.30-0.86  per  cent.  Fe  0.34r-0.59  i)er  cent.  O  19.5-23.4 
per  cent. 

For  e\ory  molecule  of  hsemoglobin  contained  in  o.\yhffimoglobin  there  is 
one  molecule  of  oxygen — i.  e.,  for  1  atom  of  iron,  2  atoms  of  oxygen.  From 
this  it  can  be  ("hown  that  1  g.  of  haemoglobin  can  absorb  1.34  c.c.  of  oxygen. 
The  dependence  of  the  oxygen  absorption  by  hwraoglobin  upon  partial  pres- 
sure will  be  discussed  more  fully  in  Chapter  IX. 

H.Tmoglohin  is  a  conjugati'd  proteid  (cf.  page  75)  in  which  a  .simple  pro- 
Icid  is  coupled  with  an  iron-containing  pigment,  htrmochromogen  (Hoppe- 
iSeyler).  In  100  parts  of  haemoglobin  there  are  94  parts  proteid  and  4  parts 
coloring  matter.  The  former  consists  for  the  most  part  of  a  histon-like  basic 
liody,  globin  (Schnlz).  which  like  other  simple  proleids  is  Isevorotatory,  while 
hicnioglobin  ilst'If  is  dextro rotator,^  (Ganigoe  and  Croft-Hill). 

On  cleavage  of  hajmoglnhin,  ha'mochromogen  is  formed,  and  by  ab- 
sorption of  oxygen  it  passes  over  into  ho'niafin:  Cst^3,0^'S^Fe  (Kiister), 
<^^'.»HssO,N\Fc"(Zevnek).  Bv  treatment  of  the  blood  pigment  with  HCK 
hainin  is  oi.iaincd   (Fig.  49)':  Ca.,H.,,0,,X,FeC]  (Xencki). 

.\cids  rhiinge  h;vniatin  by  loss  of  iron  into  the  pigments  mesoporpht/nn. 
Ci,;H,J).N'.  (Xencki)  and  htrnintoporplnirin.  C„,H,,OsX;  (Xencki).  Ener- 
getic ntluction  i»f  the  latter  yields  un  oily,  oxygen-free  snljstance,  ha'mopifrn>J . 
(',11, t\  (Neucki),  which  according  to  Xencki  ami  Zalcski  is  either  an  iso- 
butyl  pyrrol  or  a  niethyI-pro]nl  pyrrol, 

HifiiiiUninivpbyriii  is  only  sliprhtly  diffi'rent  fn->m  n  chloroph.vn  derivative, 
liliiilloi'i'ii'liiiiiti  t'..,n,,()X;,  pr<'i»nn\l  by  8iliuuk  ami  Marclilcwski.  This  fact 
wbifh  imlii'jiti's  a  clost'  airnH-mcHt  Ix'twii-n  ilic  structure  of  the  most  important 
ci'liTinn  nialtcr  of  plants,  and  ihjit  of  tlu>  nio>t  important  colorini!;  matter  of 
aniinzils  su^ruv-iod  to  Xenoki  and  Miin-hlcwski  the  i>os^ibiIity  of  obtaining  iden- 
tical )>r<><liii-i-<  from  the  two.  They  suivivdcd  in  pri'dncinp  hiemopyrrol  from 
clilorophyll.  In  viow  i>t'  tlio  impiTtiuu-e  of  pyrml  in  tlio  in"loculo  of  lM>th  h;emo- 
pjoliin  ;in,l  i.'hK'ropbylI,  wo  may  t»nohide  that  thu  two  an-  in  fact  ver?'  closely 
r«4ati'd. 
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B.   THE   WHITE   CORPUSCLES 

Tlittw  are  colorless,  nuulealwi  cells.  Soiiii.'  vurictit'S  of  them,  at  l«i*t,  liave, 
likf  thf  frrr-iiviinj  amu-ba',  I  he  jvouvr  to  luove  imlvptncluatl;,'  rnmi  oue  place 
to  apolhcr  by  llio  [iroiruriion  of  psciidopf.dia.  On  account  of  thi^  very  reniark- 
■ble  j»n»i)eri>  they  [irolijilily  play  »  very  importanl  role  in  many  procesHw 
nf  the  bnly.  oJthougli  tliU  role  ie  not  yet 
suffifh-ntly  wi'll  Lnnwii.  Thvir  activity  ia 
fniirt'Iy  imleponrk-nt  of  the  nervous  Jtystem 
«ad  ifl  rontmlted,  in  great  part  at  lea»t, 
hy  i-hviuolactir  inllufmrs  (cf.  pip'  TiJ ). 
Tlieir  i^iienil  function.  w>  fnr  a*  inve^li- 
icattifD  ha»  yet  heen  (ible  to  (Icifrminc.  u 
^  proriSr  for  the  irumportntion.  of  vtiri- 
substoHces  insidr  th«  body  and  to 
Jnlroff  Iff  to  remove  foreign  suhHUincen 
from  the  boHif. 

Thf  niimbrr  af  tehite  corpuscles  shnwa 
rtrnxidprablf  variation  under  norma!  cir- 
ramxtanceH.  a  fact  tlepondfnt  m  part  at 
lt,twt  on  Iheir  enirnnco  into  r»r  wiilHlrawal 
from  llie  tiloo<l  stream  in  preater  or  \v»i 
unmboK.     (Confeming  the  muliiplication 

of  whitp  Morxl  corpib«<:les  appearing  in  diji^tton  cf.  Chapter  VIII.)  In  the 
adult  tho  averape  number  is  8.000  to  9.000  per  cu.  mm. — i.e.,  one  white  to 
cTHrv  5(K>  to  600  red  corpusclw.  In  the  newborn  the  IcucocrtiM  are  mnch 
more  numerous  and  reach  on  the  average  18.000  ]%r  cu.  mm. 

The  white  corpuwle*  are  formrd  in  extrauterine  life  ehlcfly  in  the  spleen 
and  I.Tniphfltic  ir1ftiid.4:  fnim  thtrnc  i^tsnt^  in'tnonuoleBr  cell.4  (It/myhocjiltx)  which. 
»iv«inling  lo  tMjme  suthom.  ar*  triin"formed  iiilii  iHtlyiiucIesr  t-f-llj*  in  the  blood 
»tn>«iu.  Moreover  they  exhibit  a  variety  of  forms  and  are  divicl«c]  acrarding  to 
tbnr  BpiNrarnnce  and  stainiuir  rt-actious  into  several  groups  (we  text-books  of 
hiauiiogjr). 
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Fie.    40.— Hirniin    t^yxtala,    altar 
I'rpj"*r. 


C.    THE  BLOOD  PLATELETS 

fHrtoovered  by  Hayem  (1877)  and  demon^lraU'd  in  the  rireuhitinj;  htnod 
by  Bijznzcn)  and  leaker,  the  blood  platelets  are  spherical  or  t'lIipwidBJ  bmlies 
which  send  nut  in  all  directions  processes  of  variable  number  and  length, 
nmi[KK!«r]  of  the  liamp  flhiny  material  a^  the  l>ody.  Ai-cordinp  to  (he  invet^ti- 
gationii  of  l»eetjen,  Dokhuyien  and  other*,  they  have  the  full  value  of  cells, 
mneiM  of  nnclenn  and  protoplasm,  and  arc  capable  of  amo-boid  movement. 
Tlu'ir  nize  varica  l«>I.Tcen  0,005  and  O.OOSfl  mm.  Tlieir  nunihcr.  according 
to  Brodte  and  Ru»»«].  Amounts  to  aliout  ()35,000  in  1  cu.  mm.  of  blood.  With 
nwp^Tt  to  their  chemical  constitution  it  is  especially  emphasized  that  they 
contain  a  nucleiii  ImmIv  couph.vl  with  pmteid ;  and  with  respect  to  their  physio- 
loj[)cal  purpose  it  in  assumed  by  peveral  authors  that  they  play  an  essential 
port  in  the  ooagolation  of  the  blood.    Their  origin  ia  oji^  yet  coajectural. 
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g3.    TH£   PLAS3IA 

An  alrendv   nipntioncfl   on  pajj)'  HT,  the  ljlrin<!  cnafrnlatos  a  fevr   minntPS 
after  it  )m.-4  lert  the  liraly.  ami  iM^forn  a  t^ppnratiim  nf  the  ]>la^tnH  fmtn  (he 
bIciDiI  ei)rpiit?L-k-?>  c-tiii  take  plac-o.     Cnagniutinii  may  ]h*  []0t^l|>nii(r4l  liy  cliilliii!;! 
lliL'  ItkniU  tti  0"  ('.    Then  on  account  of  their  jipniIit  wvijiht  the  coq)ii.*clrt 
sink  to  ihi''  hrtitoin  and  (especially  wiih  hor^ip's  liloorl)  .1  plasmn  enltrcly  frf*e 
of  coriinH'lej  may  he  obtained  for  stiiily.     Most  investigations  on  Ihe  fluidaj 
of  ihf  MdnH  n-late  however  to  tlie  nvntm.  which  h  distingiiishetl  fr«iii  !li< 
pln^imi  (liii'liy  liv  tin?  fnet  that  it  containa  no  fihrino>;en  nnd  less  adh,  Ikvaiif 
the  librin  nin*ti  il  ,-ejiarates  tiut  eurrir-  (hiwii  with  il  either  niechanicaily  01 
in  chemical  coiutfiimtioD.  sow^  ui  tlie  ash  e^u^titiietit^ 


A.    CHEMICAL  COKSTrTUTION   OF  THE   PLASMA 

Both  phisma  and  senim  arc  clear,  foiutly  yellow  fluids  with  a  specific 
gravity  of  alKiiit    IM2H.     The  .■*|>e<-ifif  lionl  nl  sonini  is  (),l)4f»t,  pn^aTer  iher 
fore  than  liinl  of  ihe  wholi;  U\atti\. 

Besiiit'-i  water,  plasina  coiitiiiiis  chietly  [irntL-id  suli>taiiees  of  different  kiud 
and  mineral  constituents.     The  osmotic  tension  of  plasma  i.*  about  e<iual  lol 
that  of  a  (».!»  per  c<nit  XaCl  »iolulion  and  h  dependent  mainly  on  its  mineral 
coniitituent*.    The  proteid  IwHlies  also  appear  lo  influence  this  property,  thoughj 
only  In  a  relatively  slight  extent. 

The  Jiiineriil  cDtistituenls  in  the  serum  arc  dissoeialed  itilo  tht'ir  ionc  Ir 
the  extent  of  ahout  seventy-five  per  cent  (Biigarsky  and  Tan^I) :  while  in  the^ 
whole  blond,  electrolytic  dissociation  amount-;  to  onlv  about  fortv  per  cent 

The  rlerirical  conducUvU tf  of  the  whole  blood  is  less  than  that  of  thftV 
&Brum,  bccnuse  this  properly  U  diminishwl  by  the  preK'nce  of  the  corpuwles, 
a»  In  general  the  conductivity  of  a  ttolution  i«  ditninished  by  nonconducting 
particles  in  suspension  (llugarsky  and  Tniigl.  ()ker-nioiu,  et  al.). 

The  mineral  ?ubstntiees  in  the  scrum  differ  esjientially  from  thnn;  in  the 
corpuselos,  in  tlint  soiliiim  salts  predominate  in  the  former,  potassium  salta. 
in  the  latter.    Amniif;  Uie  sodium  cntnpoundfi.  common  salt  occurs  in  grcaloil 
(Quantity  f  iili"iii  i>.il  j)i_t  cout).    Besides  this,  viiriiuis  other  in'>ryanic  sulwlanc** 
have  been  foinid  in  ihe  serum.     On  ihe  whole  the  mineral  suljstanct>«  in  ihel 
hcruiii  i>r  huniiit)  Ul(N>d  aiuount  to  ahnnt  (I.K.>  per  cent. 

The  orpanic  Mil».stancwi  in  Ihe  senuii  nniouni  lo  about  ten  times  as  inuch,j 
namely,  7.7-]). ft  per  cent.    Auionji  these  ihe  pr()teids  an*  the  most  importantj 
and  make  np  liy   far  tlie  greatest   part  of  tlit*  or^iuiie  matter   (atwut  uiue- 
teuihs).     TIh'  chief  pntteids  fif  ihc  hhiiHl  phisiun  an'  til.rinogcn.  si-rum  globu- 
lin Hud  serum  aUiumiu.     The  latter  two  however  are  not  to  be  regnnled  osj 
indivisible  substances;  for  numerous  inve-stigulionh  in  recent  year*  have  shown,! 
if  one  may  jnd^'c  by  their  behavior  in  aalliuK  out.  that  at  !ea*t  two.  prol«ibl_»' 
several,  globulins   (ouglobuliu.  pseiidoglobulin)  are  pre^nt  in  the  blood    (cf. 
page  74) ;  aiiil,  ac<-onJing  to  re-iults  n{  fraetiomil  heat  coagulation,  that  wrura 
alhiiuiin  also  is  a  mixture  of  different  protcid  sulw>tanc«. 
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IWtdoM  ihe  pMteuU  we  find  in  the  Mood:  fats  (and  the  cholesterin  eeler 
;of  fatly  a*-ids,  bul  as  a  rule  no  frue  rlmlfsicrin.  HiirlhiL') ;  glijcen'n  and  carha- 
i/m  l»ug«r.  |jn>bal)!y  for  iht*  iiu^L  jMirt  in  L-onibinatJun  with  Ipcilhin  as 
win:  .laeobM^n,  Jlcnriques,  Hing)  ;  iil»o  substanci's  wliich  are  fonnud  iu  the 
i'mclivilv  of  Ihv  tiMracs  and  eilhi-r  represpnt  decomposition  products  to  be  givi?n 
off  frcim  the  body  (like  urea,  uric  acid,  cruatin.  [■arbuniic  arid,  piirnhirtic  acid, 
hifipurii-  acid.  vW.)  or  are  formed  for  tlie  puri'Mn^u  of  influvncinj;  llic  fum'ti'iti-i 
of  diffcrpnt  orjran?  {internal  srcr^tinriit.  cf.  Chapter  XI ) — in  jilinrl.  evL-rylhing' 
wliifh  l}»>  tiKiiUi*  ha\'e  ncfd  of  for  their  aflivity,  and  inoet  of  the  product* 
ariwintT  from  thix  aclirity. 

With  iho  pxceplion  alwa^-s  ftf  the  proteida.  these  substaiires  occur  in  very 
Mnall  quantitim  in  the  hUxKl.  Tn  the  intcrviilH  of  dtfcfuttinn  t>iii>  titi<l>*  fnim  i>n» 
111  MTTti  |w'r  rt-nl  <if  fat  iti  (bv  cemin,  whih-  during  digestion  it  mounts  much 
hifcbtT.  Eren  iu  Btar%-atit>ii  (one  hundred  und  twx-iily  hixiru  after  food  hat^  been 
taken)  the  fat  fnnt4mt  of  the  bhtod  is  liiphcr  than  in  the  inanitinti-  condition 
(twrlre  hour^i  nftfr  the  last  meal) — a  fact  connected  with  ihf  nmvi'ineiit  of  the 
bitdx'tt  fat  for  the  pnrpo*e  of  eo*i?riiiK  ihe  ft»od  reiiuireim-nl"  (Schiih.l.  In  ihe 
Iwaltlij  cvndititm  the  sugar  content  of  the  somm  Hinounta  to  about  3-1.5  per 
(ml,  but  after  very  abundant  feeding  of  curboh.vdrHtei;  nui.v  iiicrea^  to  three 
piT  cent  uihI  higher.  The  Tnnxiinum  urea  conlcnl  is  nhiHit  niic  per  cent.  etc. 
The*>  quaniilieo  H[i|>ear  nt  first  sijrht  to  l)e  astimisbingly  »tnall.  but  ihcr  become 
iutt'tligililf  ulifn  we  reflect  that  the  blut.>d  is  in  continuiil  motion  And  tt«  con- 
trihutionn  uf  fat  and  carbohydrates  to  all  the  ti>i»ue«  are  cicnlinually  being: 
rrplaivd  from  the  great  storchouwc  i)f  the  biid,v.  In  the  same  way  It  lakes  up 
thp  dc<com position  produetii  fmm  tlic  tiawucB.  und  continunlly  elimit.ntes  ihem 
by  w«>-  of  the  excretory  organ  fto  that  undfr  normal  conditions  il  oontainq  at 
anj  siren  time  a  Teiy  Mmall  t^iuantily  of  lhe«c  nidi-lanceit  a]«o. 

Variou-o  enzymfs  have  b«n  demonstrated  in  the  blood.  Thus  according 
tf»  Michaeli*  and  t'ohn«tcin,  there  is  an  enxymc  which  in  the  pTcRcncc  of 
TTfd  M«Kid  corpuscle^  and  oxyjEPii  des-irny!!  ful  (Ii]>olytic  enzytnp).  ArthuH  Iia9 
found  an  enzyme  which  splits  mon»butyrin  into  filyoertu  and  hutmc  acid; 
hni  an  enzyme  which  would  >!plit  neutral  fat  ha:t  not  bc«>n  certainly  demon* 
atmtcd.  Further,  a  dia^tatic  enzyme  which  chanf{e;i  litareh  into  malto)te,  one 
chanjnn^'  the  latter  into  dextrow.  and  an  ciwymc  by  which  suttnr  is  dcstTo%*cd 
(irlYrolyiir  enz^mo),  arct^nid  to  he  prc^^nt.  Hedin  mentions  a  feeble  enzyme 
which  di^ttt^  proteid  in  an  alkaline  medium. 

IJkewi**?  there  are  found  in  the  bhiod  suhstanees  which  act  against  the 
c*  peculiar  to  the  body,  represent  ther(,'fore  anlienit/mes,  and  develop 
aniipcptic.  anlitrv'ptic,  and  antidmnniic  eflects. 

Srrum  fonlaitut  morrorer  certain  iftibtttanceji  which  have  the  power  to  kill 
Bacteria  nnti  foreign  cells  generally.  The  tenini  of  one  animal  specie;^  destroy* 
the  blood  corpuscles  of  another  specie*,  if  the  species  are  not  very  closely 
related — a  fact  which  eAplainv.  in  part  at  leaM,  the  harmful  plfecl."  of  a 
trui»fiiiitoD  of  foreign  blood.  Thii>  globulicidal  action,  ta  it  is  called,  m  welt 
%*  hacterioidn!  action  of  the  hlood  i-f  very  different  in  different  genera  of 
inimaN.  Thu!"  the  ktumi  of  hon^-'g  htorx)  Is  only  tilighily  ixiiMmons  to  man 
and  \*  tolerate*!  in  pretty  large  dow*.  The  wrum  of  human  blood  exerciMS 
a  powerfai  cffuct  on  the  typhoid  and  cholera  bacteria,  while  on  the  pus- 
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forming  staphylococci  a  weaker  effect,  and  on  the  streptoeocci,  the  diphtheria 
and  anthrax  bacilli,  no  effect  at  all.  On  the  other  hand  the  serum  of  the 
rabbit  kills  the  bacteria  of  anthrax  and  of  typhoid  fever,  but  is  harmlew 
for  the  pus-forming  staphylococci,  etc. 

It  ha.s  long  been  known  that  many  diseases  confer  on  the  individual  who 
survives  them,  as  an  after  effect,  an  immunity  or  unsusceptibiliiy  toward  those 
particular  diseases.  Now  it  has  been  shown  (Behring  and  Kitasato,  1890) 
that  the  ijlood  or  the  serum  of  an  individual  who  has  become  immune  in  this 
way  againsit  an  infectious  disease,  has  the  property,  when  it  is  injected  in 
sufficient  quantity,  of  conveying  the  immunity  to  another  individual  previously 
susceptible  to  the  disease.  A  blood  or  scrum  of  an  individual  who  has  succesft- 
fully  withstood  the  disease  receives  therefore  as  an  after  effect  properties  which 
it  did  not  po:^sess  before. 

These  discoveries  represent  the  point- of  departure  of  numerous  investigra- 
tions  on  the  various  changes  which  appear  in  the  hlood  after  injection  of  dif- 
ferent snbsfafices.  In  (general,  one  may  say  that  if  a  foreiffu  substance  of  a 
certain  kind  (such  qs  the  toxins  forme*!  by  tlie  Bflcteria,  foreiem  blood,  various 
profeid  substances,  finely  minced  organs,  etc.)  is  brought  into  the  animal  by 
subcutaneous,  intraperitoneal  or  intravenous  injection,  the  blood  of  the  animal 
acquires  the  ability  to  change  the  foreign  substance  in  some  way,  and  thus  to 
neutralize  its  effect  on  the  organism.  Since  in  such  cases  there  are  found  in 
the  blood  specific  antibodies,  we  infer  that  the  changes  appearing  in  the  blood 
are  of  different  kinds  according  to  the  nature  of  the  substance  injected. 

If  a  bacterial  toxin  is  injected  into  the  blood,  there  arises  in  the  latter  an 
antitoxin  specific  for  just  this  toxin,  which  has  the  power  to  abolish  the  effect 
of  the  former,  probably  by  a  kind  of  neutralization.  Different  toxins  possess 
an  elective  power  for  different  cells  of  the  body;  and  precisely  those  cells  which 
are  attacked  by  a  definite  toxin  appear  to  be  most  active  in  the  formation  of 
the  antitoxin.  By  a  kind  of  internal  secretion  the  antitoxin  is  given  off  to 
the  blood  and  in  such  abundance  that  it  may  be  used  (for  example,  diphtheria 
serum)  as  a  remedy  in  other  animals. 

The  power  of  the  blood  to  destroy  hlood  corpuscles.  Bacteria  and  foreiffn 
cells  generalli/.  like  its  antitoxic  properties,  can  be  increased  by  the  addition  of 
appropriate  snbstancc;:.  Here  also  we  have  to  suppose  that  under  the  influence 
of  the  foreign  cells,  the  cells  of  the  body  (certain  leucocytes  especially)  are  the 
seat  of  production  of  the  antibodies.  As  with  the  antitoxin  serum,  the  cytolytic 
serum  can  also  exercise  its  specific  effects  outside  of  the  lK>d,v — from  which  it 
follows  that  these  are  not  bound  up  in  the  formed  constituents  of  the  blood,  and 
in  gencml  n<it  in  the  living  substance. 

If  the  serum  of  an  animal  immunized  against — sny  typhoid  fever — is  mixed 
with  a  fluid  eulture  of  Barilltis  typhosus,  the  latter  become  stuck  together,  agglu- 
iiiuiled.  There  ha*  been  formc<i  in  the  blood  of  the  animal  therefore  a  substance 
which  pRHhu-es  this  effect.  The  same  influence  may  be  observed  also  on  the 
blood  corriuseles.  When  an  animal  has  been  treated  with  a  foreign  blood,  its 
own  serum  added  to  the  blond  in  question  brings  about  an  entirel,v  similar  agglu- 
tination of  the  corpuscles  of  the  foreign  blooil. 

After  int  Til  peritoneal  injection  of  cow's  milk  the  f*nim  of  the  animal  em- 
ployed acquires  ilio  ability  to  throw  down  a  precipitate  in  the  cow's  milk — i.e., 
a  preripitiii  bn^  been  formed  in  the  bloixl.  By  injection  of  different  kinds  of 
bUnid  or  prnTeid  solutions,  one  may  obtain  different  preripitinfi  which  on  the- 
whole  are  specific  since  they  produce  precipitates  esi)ccially  well  in  solutions  of 
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the  «ulMiiiiiice«  injected.  TbU  »i»ecific  character  is  «yl  howcwer  by  ooj  mcaus 
•bsolutv. 

If  wt>  aild  to  what  has  bci-n  said  above,  that  afu^r  iha  mJL-ctiuu  ttf  an 
ajjCglutiiialiug'  mtuid  IdIo  ati  animal  an  antiaggtutinaiinp  fiTect  may  be  ubtuined, 
after  injection  of  a  prccipitnling  si-ruiu  aii  antipre^ipitalirig  elfecl.  after  u 
c^tulytic  wrutn  an  anttlalu-  vSecU  it  uuglit  tu  be  iip(>unuit  witbnut  further  dis- 
cuHBion  that  under  the  induencc  of  various  chemical  aigenta.  extraordinarily 
important  and  complex  chiinfc<«  cjin  be  induced  in  the  bloud. 

ThwM?  changes  am  produced  in  part  by  a  »i»ciol  ucliTit}-  of  different  ccU» 
of  th«  UkI.v,  dereloptnl  by  the  attack.  In  part  by  wrluin  leueocyU's. 

TbcTP  can  be  no  doubt  thnt  all  ihciie  changes  arc  protective  ndaptationt  of 
tlt0  bodp  aaningl  harmful  inftutnrf*.  FspE^cially  i»  thia  true  of  thn  antitoxins, 
ihv  bAoteriHlysini^.  and  nfiiclulinin'. 

The  mnttcr  is  not  bo  clear  with  nvard  lo  llic  other  lysins  uud  the  pi^ 
eipitins:  but  it  is  to  be  prosumctl  thnt  they  alt*o  have  some  delinite  purpose. 
It  apprarv  that  they  are  si>ecia)ixed  Hubstanceta,  which,  like  the  antienzymea, 
come  doirn  in  theiilobulin  precipitates;  but  wht-thcr  they  are  true  prutoid  bodios 
Of  arf  only  ailarhwl  in  sn<-h,  cannot  U-  said  detinitely  as  yei. 

Wc  mnsi  forego  a  prewntation  of  the  ihenretical  views  winch  arc  held  in 

(danaiion  of  these  phenomena,  since  n  diAcu^wion  nf  iheni  would  n>i|uiie  loo 

»pnce.     Wc  would  nut,  however,  omit,  to  mention  the  stdt-rhain  thrary  of 

h.  ftince  ihis  hni*  had  a  very  stimulating  eflcct  on  reiwan-h   in  ihii*  tield, 

and  baii  very  su<rcewfully  tralbered  loeelher  under  one  eeneral  |)oint  of  view  the 

romplicat(<<]  phenamenn  which  confront  m  in  this  province. 

Since  the  chemical  procM.-siiefi  in  difTereiit  oTjcaiid  ar«  in  many  mepects  verv 
dilTeri'nt.  ilie  blwul  reluming  In*  llie  vein  nni-i  have  a  nmro  or  leas  tJiin"<ib/i* 
ronstiivtion  according  to  the  organ  from  whirk  ii  fiows.  Analysis  of  thcw 
ditTereiit  kinda  of  blood  would  Ire  well  cak-ulated  to  give  at  stonie  future  litoe 
very  valuable  roncln«iotts  a«  to  the  chemical  trfln>ifonnntioti.i  takini^  place  in 
the  c-«irr^v|Hindinp  nr^ans.  Al  pnvi'ul  liowever  our  infornmlion  is  t|UJte  (oo 
inadi-'iuatc  for  any  diacuMion  of  the  subject. 

The  blood  (lowing  from  the  dilTcrcnt  parts  of  ihe  Iwdy  is  colleeted  flnally 

in  tho  two  TeniF  cavn-  and  \»  emptied  by  them  into  the  right  heart,  where  the 

differcnt  kindii  of  hlood.  not  yet  Ihonuig'hU'  mixtMl  in  the  veins,  are  mixed 

together;  w  thai  blmtl  drivm  from  the  left  ventricle  to  ait  oaris  of  tht 

^lwrfj(  u  rntireltf  hvmogentows. 

V  If  bWxl  l>e  drawn  directly  from  au  u(H?n  artery  into  a  iMituratcd  eolutioo 
Hof  mafrneninin  hulphatc.  it  can  !»■  kept  for  days  without  confuting.  The 
B  lihmd  corpuscles  can  l»e  removed  from  i-ruch  blood  by  iillering.  by  cenlrifugal- 
iztng.  or  Kimply  by  letting  it  stand,  and  in  this  way  a  fluid  is  obtained  known 
V  the  xalt  pUifma  ( .Mex.  Schmidt).  Ry  precipitation  with  an  equal  volume 
of  t4turated  NaC]  eolation,  there  ii*  thrown  down  a  proteid  body,  (he  fibrino- 
ffn,  which  can  be  further  purified  by  various  means.  Fibrinogen  is  .'wluble  in 
weak  NaCl  aolution  and  it^  solution  will  keep  at  room  IcmpiTiiture  until 
putn'fflctioii  «et«  in  without  showing  a  trat*  of  coagulation.  If  ftowever  some 
blood  or  blood  serum  be  added  to  sack  a  mltiHon.  fibrin  formation  takes  place 
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at  once.  The  same  effect  is  produced  a\m  by  blocwi  clot  vaiahed  free  nf  all 
color  with  watw.  Such  a  cUtl  c-cmniiiw  (ibrin  ami  the  remains  iif  white  cor- 
puecles.  ^o  that  one  is  ineliued  fur  uiauy  rea^ous  to  a!<»suiiie  that  the  8ul>^taDC« 
which  must  Ijk  ailded  to  a  solution  of  fibrinogen  to  make  it  clot,  and  which 
has  been  (IcsiyniiCed  the  fibrin  ferment  or  thrombin  (A.  Schmidt)  comes 
dirwtlv  from  die  wfiile  I>I(mkI  *'(ir[niM:lt'('.  U  n|>iK'iirii  fnim  wvcral  ohMftralion? 
that  the  white  corpuscles  themselves  do  not  of  iiecewsity  break  down  under 
aiioh  cirri! mstflncoA.  and  Arthiis  ha«  (vxprcs-y'd  the  view  lluii  they  give  oS^h 
the  fibrin  fi'rrnfnt  by  a  [iropHss  of  secivtioii,  ^| 

Voatjuhlvm   cannot  tak-p  place.  »«   Arthiis  was  the  first  In  demonatratp. 
nnihout  the  presence  of  a  nolnble.  ralciuvi  .tall.     This  is  probably  due  to  tl 
fact  that  fibrin  ferment  does  not  exist  in  the  blood  as  such  but  in  the  fori 
of  a  TimtluT  (iiibstance.  or  zvmo^ion,  and  i>»  actirated  only  in  the  presence  of 
saht!  (HiiniiruirsiU'n.  Fekelharin^).     The  calcium  dmw  not  ajipear  to  be  ik 
sarv  for  the  fornuition  nf  fibrin,  Imwi'ver.  for  a  wiliilion  of  fibrinogen  coa^* 
late?  in  the  presence  of  thrombin  oven  when  the  calcium  salts  are  remove 
by  an  oxalate. 

Coagnlalinn  i*  consbderably  accelerated  btf  aildilion  of  fxlrart-t  of  all  po*-' 
xiblf^  kindu  »f  organs,  and  even  bv  men'  nmliicl  of  Ibc  libmd  with  the  wounti. 
On  this  account  it  ha.^  been  afsunied  that  the  containi.il  uucleo-protcid>^  might 
represent  precursors  of  the  thrombin.     On  the  contrary  Arthua,   Morawit^ 
and   other?  believe  that  they   only  hft-steu  the  formal  ion  nf  the  enzyme  ane 
Ibftt  the  mother  -lulrslance  of  the  latter  occurs  exclusively  in  ibe  blood. 

According  to  Morawitz  the  organ  extrHCii^  effect  the  formation  of  tl 
prrwnzynie  from  a  zymo^ren  Ktage.  thnnnltoyiin^  whereupon  thrombin  ari* 
from  the  proenzyme  under  the  influence  of  ihe  calcium  ions. 

The    rnrimitinn  of  thrombin  is   stopped    imnutiiiately  by  Bodium   fluoric 
and  by  addition  of  Ihis?  salt  in  small  quantities  it  is  posj?ib!e  therefore  t'l  follni 
the  course  of  thrombin   formation   more  closely.      In   this   way  it   ha.* 
shown  that  at  the  moment   i1   dowti  from  the  vessel  the  blood  eontaius 
thrombin   at   all.  thai   Ibe  f|uanti(y  of  the  enz>-me  increase*  quite  .slowly  at' 
first,   and    tluit    .-liortly   before  coagulation    it    undergoes   a    rapid    increase. 
Tbrnndiin   i»   formed   for  a  time   also  after   coagulation   has   lakeo   plac« 
(Arlhus).  J 

When  blood  aerum  standfi  erposed  to  the  air  it«  ensyme  Krad»all.v  d4>rren«ed 
in  quaniit.v  and  diftafipean  entirely  after  about  six  days.     No  mitre  I'lizyinf   i< 
ebtiiiiivd  after  this  time  by  addition  of  calcium  ^ta.    But  by  mcjins  i-f  acids. 
alkalies,  olcohu),  etc  one  ean  demoiistnile  an  effwtive  fibrin  fennent;   there  w 
present  tbrrrforp  in  the  senim  n  h<»Hy  from  which  aetirp  fibrin  ferment  may  be 
formed.     Tlii^  btidy  is  absent  from  uormnl  plasma  and  Aeems  to  makn  its  app««r>-, 
nnco  for  the  fir*!  duriiitr  wtaRulutioii.     According  *"  Fuld  «ml  Morawiu,  it 
pnibabli.-  that  ibis  substance  is  thrombin  itself,  which  bad  merely  passed 
to  an  inactive  stale. 


The  transformations  brought  about  by  enzymes  in  general  apfjcjir  to  pr 
ceed  in  .such  a  way  that  the  substance  acted  on  aliaorb^  water  and  is  sul 
quently  •=.pli(  into  two  new  substances.     This  is  probably  the  caw  in 
formation ;  Ihe  fibrinogen  i^  ^plit  into  in:»oIuble  fibrin  which  constitutes  tl 
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^wf  balk,  ft&d  fibrinthfflobuHn  winch  reiuaiuit  XD  solution  and  is  formed  only 
in  small  qoantity  (  Hammar:iteD ) . 

The  diflicuUie)i  with  which  the  ^itubjef't  of  coagulation  's  beset,  and  which 
we  have  been  able  to  disouiij*  here  only  in  a  cunwry  manner,  are  still  more 
multiplied  when  we  a^k  wAy  the  hiooH  litir.t  nal  clot  in  thf  veiisfls.  That  the 
cnOittant  mnveniL'Dt  nf  the  l)l(KMi  is  imt  iIh'  rHHM>n  is  provwl  l>y  the  fact  that 
blood  coagidates  outride  the  body  more  rapidly  wlitfn  it  15  stirred.  Coolin}{ 
of  the  blood  cannot  account  for  conpilniion.  for  it  is  pot^ible  to  postpone 
the  procew  for  a  long  time  by  this  very  means.  Neither  can  contAct  with  tlio 
air  t"e  connidt-a-d.  for  coajfulation  goet  on  in  the  usual  manner  if  blood  'a 
oollwted  (over  mprcurv)  hv  exclusion  of  air. 

Vwigulalion  doex  not  ociiir  if  the  blood  in  drtiwn  by  nifuns  of  an  oiled 
fiannuh.  or  if  it  i«  caught  in  an  oiled  veswl :  in  fart  it  can  now  be  (itirred 
with  on  oiled  rod  withoat  producing  fongulation.  But  if  it  i»  stirred  with 
Ma  onliDary  pxI.  or  if  >>mnll  solid  parlirlcs  be  introduce*!,  coagulation  taki^s 
pUcr  immi^lialely  (Freund).  The  reason  why  coagulation  doen  not  take 
place  under  the  above-mentioned  circumatimces  dnubtlws  lie.'s  in  the  fact  that 
the  blood  is  prevented  by  the  oil  from  coming  in  contact  with  the  wall  of 
the  w?*wl.  Aiiempts  have  been  made  to  explain  the  absence  of  coagulation 
ill  the  blood  \w>els  in  a  similar  maimer,  by  an^uming  that  in  health  the 
BMeaiaiT  adhesion  of  the  blood  to  the  walU  '\»  wanting.  \Vlien  the  endothelial 
Itning  nf  the  tc^kIa  1)ecoui<»  abnormallv  changed  in  nnv  way  ao  thai  inlernal 
*dhi.-%inn  occurii.  intravawular  dotting  cnsui?*.  Again-^l  this  coiicoi>tion  ho«'- 
erer  11  may  l>e  objected  that  the  blood  always  thoroughly  wets  the  iutcmrd 
w«ll  of  the  blo(Ml  vcjiwls  ( B.  Ia'wv). 

Beautiful  cxamplcA  of  the  inhibitinK    pro|jprty  of  the  TOscular  walls  arc 

in  the  fueLM  thut  blooil   rctiuiiiiii  flitid  for  n  loii^r  time  in  n  M-rliiin  nf  n 

in  lt|;a(etl  off  at  lM>ih  eodn  <HewM»n):  and  that  a  turtle'n  heart  filled   with 

bl(K>d  b<>ntA  for  dajrs  without  aay  clotting  if  the  temperature  uf  the  contained 

blood  be  low  (Britcke). 

Opinions  ditfcr  considerably  as  to  the  real  nature  of  the  ehanget*  producwl 
by  adhcuon  of  the  blood  In  rough  surfacis^.  sn  thut  at  this  time  wc  are  unable 
to  form  any  dclinite  conception  of  the  matter.  But  r<ince  subtdannes  have 
been  found  in  the  bloo<l  which  exercise  an  inhiiiiting  influence  on  cnagtdation. 
it  la  at  Imrt  conceivable  that  during  lift*  and  willi  nninjiinnt  vascular  walls, 
ihc  imlucing  and  inhibiting  Ixxlies  neutralize  each  other,  while  in  shed  blood 
the  former  preponderate  and  lbu>*  bring  aljout  coagulation. 

In  the  living  body  the  coagulability  of  the  blood  can  be  abolished  by  intra- 
TSKCtiUr  inje.'iii»n  of  alOunwscf  (Sehruidl-Miihihcim.  Fano)  or  of  lc<fch  rx- 
Irarix  (Hnycpaft).  If  the  blood  i*  diverted  from  the  liver  and  the  intestine 
po  that  it  eircntilea  only  through  the  extremities,  the  head  and  the  lung*,  it 
Itktwue  lose*  it»  ability  to  coagulate. 

r/iflgulatinn  of  the  blood  is  of  cxtremclv  great  importance  tut  a  means  of 
•ilifm  for  tin-  l>ody.  since  hleiviing  from  injured  vcr-^Is.  unless  they  be  too 
\  i,»  ihi-reby  jlopiKd.  If  the  blocjd  did  not  coagulate  every  slight  injury 
would  involve  great  Ioas  nf  hlood.  When  the  larger  vcivcU  are  nipturp4l  coagu- 
lation doe*  not  «uflice:  for  the  blood  flows  out  in  such  quantity  and  with  fmch 
tc 
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speed  that  the  &rtt  blood  does  not  have  time  to  coagnlate  before  new  blood 
replaces  it.  Aod  if  coagulation  ehould  take  place  in  the  wound,  the  clot 
would  not  be  sufficiently  firm  to  withstand  the  great  force  of  the  escaping 
blood. 

References. — L.  Aschoff,  "Ehrlich's  Seitenkettentheorie  und  ihre  Anwend- 
UDg  auf  kiinBtliohen  Immunisierungsprozesse."  Jena,  1902. — Hermann  Sahlit 
"  Diagnostic  Methods,"  Chapter  on  "  Examination  of  the  Blood  " ;  English  edi-. 
tion  edited  by  Kinnicutt  and  Potter,  Philadelphia,  1905. — Alex.  Schmidt,  **  Zur 
Blutlehre,"  Leipzic,  1892.— "  Weitere  Beitrage  zur  Blutlehre,"  Wiesbaden,  1895. 
— The  Textbooks  of  Physiological  Chemistry  mentioned  on  page  82. 


CHAPTER   VI 

CIBCL'LATION   OF   TUG    BLOOD 

the  blood  trere  to  stand  Mill  in  bji,v  particular  vascular  region,  it  would 
become  impovi^nKhed  in  nutrient  substances,  M[>eciaUy  oxy^^n.  wouli]  Iwcomd 
overlaJfn  with  products  of  tissue  activity,  and  so  would  be  rt'ndort'd  unfit 
to  fulfill  its  physiological  purpoiiw.  But  by  the  fact  that  (Air  blood  w  con- 
tinaallif  in  motioR,  this  u  provpntcd,  for  a.i  it  moves  it  both  rcplcnisb(«i  its 
■lore  nf  nutrient  Hubt«ianci^  taki^n  from  difTcn'nt  parlri  of  tho  htnly  ami  ^t& 
rid  of  the  pr'niuct^  which  art;  U'«c'lc^»  or  liurniful  to  tlic  iKidy. 

Thia  continual  movement  is  maintained  by  the  (uttvily  of  the  hearf.  The 
heart  rrprasetits  the  motive  power  which  drives  the  blood  through  the  veswls. 
The  latter  howevor  are  not  mere  passive  tub«y,  but  in  variouif  way*  they 
aeiivelif  participate  in  the  diiilrilmtiou  of  the  blood  throughout  the  Irady. 

FIRST   SECTION 
GENERAL  SURVEY  OF  THE  BLOOD'S  MOVEMENTS 

Th^  heart  of  warm-bloodod  animnln  i.-*  diridrti  by  moan^  of  a  soptum 
ruBUitlg  from  above  downward,  into  two  cumpUteUi  .ifparatrd  kalve.it.  a  right 
cmd  a  left  ( Vesaliua,  1543).  Each  half  consiits  of  two  coininunicating  diam- 
berSf  an  upper.  (Ar  auriete.  and  a  lower,  the  ventricle.  The  opening  between 
saride  ukI  ventricle  can  be  clo»ed  in  both  halves  of  tlie  heart  by  meaiu  of 
r&lTeau 

BIcMid  Tcs«e)ii  oooQCct  with  both  auriclc«  and  ventricles.  In  thoAc  Icailing 
from  the  ventricle*  blood  flows  from  the  heart,  and  they  are  called  artrrie*. 
In  the  vessels  communicating  with  the  auricles  blood  is  conveyed  to  the  heart, 
and  tbe>-  are  called  reins. 

Tlie  arteries  communicate  with  the  veins  by  means  of  the  eapUIarief,  so 
that  the  heart  and  the  vessels  form  a  connectwl  sysieni  of  tubes  entirely  shut 
off  from  the  outside. 

In  this  \v-'lfm,  as  was  first  established  by  Harvey  (1028),  the  blrwDd  moves 
in  the  follnwing  manner  (Fig.  5n>.  It  is  poured  by  the  two  vena-  cava;  into 
the  h^ht  auriele,  and  ii  driven  by  the  latter  into  the  right  ventricle.  By  the 
itrartion  of  the  vi*ntrielo  it  is  pri'iwi'd  out  into  the  pulmonary  arteries  pro- 
thercfrom,  and  Hows  through  ihe  vessels  of  the  lungs  and  the  puU 
roonan*  veiiut  into  the  left  auricle.  This  part  of  the  circulation  U  called  the 
ffjwer  cireuiation.  and  was  first  descril)ed  by  Servet  (1553)  and  Cnloiubo 
i  I5G9).     From  the  left  nuricte  the  blood  i»  driven  into  the  left  vrntnrle  and 

lai 
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from,  there  again  into  the  aorla.     Thence  it  flows  throujth  all   hranrhcs  of^ 
the  aorla  lo  Ihf  cRpillarie*.  from  Ihorti  to  llic  rivsttfiiiic  veins  and  through  the 
ven«  cuvce  back  to  lh«  right  auricle.     That  portion  of  the  circulation  from 

the  left  ventricle  to  tlie  right  auricle  is  called 
the  greater  nrcttlation.  ^h 

In  wami-lilofwipd  animals  the  entire  quantity  ^ 
nf  thf  lilnnd  must  flow  through  the  luti^  in  order 
^        ^'Xli  *"  J-'**^   from   the  riylit  lialf  of  the  hi-art  to  the  ^ 

left.     During  a  complete  circuit  therefore  the^| 
bloThd   flows  through  two  systems  of  capillaries; 
nninely.    (I)  that  nf  ihp  greater  cimilation,  and 
(•-J)  the  ]HTlnirniary  jivtilciii.     For  the  hlood  wUichi 
pacwis   through   the   lajjiUarifs   of   the   stomach  A 
inlestine,  j)ancTfa*  nnd  spleen  still  another  capil-j 
lary  system  is  interpolated.     This  blood  flows  to 
the  liver   in   the  portal    vein   which   there  hM-ak* 
up  intr>  (I  new  itvirtem  of  oapillaric--:.  whence  arise  ^| 
the  hepatic  veins,  conducting  the  bliwd  away  to  ^" 
the  heart.    The  same  is  true  of  the  kidney  blood, 
for  in  the  kidncy.<  themselves  the  blood  flows  firgt 
throngli  tlie  capillarie.-s  which  form  ibe  (glomeruli 
nf     the     Malpi};hian     eorpusclet^,    and    Hocondly 
through  the  capillary  plexus  by  which  the  kidney ^h 
tuliuUs  are  e'lirroundtil.  ^| 

The  eoutraclion  of  the  heart  is  designated  the 
eystvic  aiid  its  reia^tation,  the  tiuulolr. 


7' 
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Fta.  80. — Schpma  of  thr-  cii* 
CTilntiim,  MVii  from  tlii?  ilor- 
ml  Biilv.  1,  Idl  uiririr;  h. 
Ml  vcfiirirlv;  r.  right  «uri- 
de;  -i.  right  vi-niri*l«;  t, 
puliimiiarv  (■irr'ulittiuii  ;  /, 
«i|)illanni  of  the  mW^tinr; 
g,  mplliar>a>  of  lli«  lit'**-,  h, 
Mi|ii]Iarint  *■(  Ih*-  Iftwrr  rx- 
Irvmily;  i.  cM|tillAriM  vf  ihe 
linwl  Bill]  ii;i{MT  rxlmniliria: 
fe.  hrpMtic  uncry.  ArlvrJHl 
t^lnHl,  rvtl;  vvnuus  lilooil, 
bluf;  lymph  vmwla  utiown 
only  in  auUinr. 


SECOND    SECTION 

THE  MOVEMENTS  OF  THE  HEART 

g    1.     THE   FORM   CHARGES   OF   THE 
HEART   IN   SYSTOLE 


After  opening  the  pericardium  of  n  heating 
heart  it  can  I»e  «een  that  tlie  coni  Taction  begiofi 
nt  the  outlet  of  the  jrreal  veins,  wliich  are  here 
liurrounded  by  circular  muscle  fibers,  and  pro- 
ceeds thence  onto  the  auricles. 

The  two  auricles  contract  nmultanroiwlii.  and 
immediately  after  the  auricular  ;5y*itn|p  the  ventricle*  contract.  Uken-ixr 
simuUaneonsii/.  Neither  auriflcfi  nor  rentricles  completely  empty  thcmselTej] 
by  their  eontractioufl. 


A.    STRDCTURE  OF  THE   VEimUCULAR   WALL 

The  arranmunpui  of  thi-  mu^ular  mnss  which  forms  the  trails  of  the  »en- 
tricleti  is  very  comiilioaU'^).    Our  dfi>eriiilloti  hcrf  niu«t  be  vcr.v  brief. 

Of  the  two  vetttriclos  the  left  jx^sessca  a  much  Mmnfrer  musculature  than 
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iW  Dgttt,  a  condition  which  confomw  with  the  muL-h  heavier  work  to  be  done 
hy  ihv  furniiT.  Iti  fuvt  l|i<;  uutvr  u-mII  of  the  right  vtnlricle  is  fornieii  for  the 
nuMt  part  of  fibers  which  cume 
frum  the  U-ft.  To  a  ci-nain  i*x- 
t*-nt  therefore  the  right  vt-ii- 
tricle  may  be  looked  upon  ii» 
■  clvft  iu  the  wall  uf  the  left. 
M  &l»iWD  in  Fig.  51. 

With  ragani  lo  the  struc- 
ture of  the  reiitricleft  the  fol- 
lowing  t»  worthy  of  mention : 
From  the  fibn^luidiuous  rinuij 
at  the  base  of  the  left  ventricle. 
and  fmm  the  inu«cular  rtide^  of 
the  afirla  ftu))«rtirial  filters  pa»<i 
obli<|iM<l:r  downward  lo  the  iipex 
ot  the  heart,  eutcr  for  the 
most  part  ihc  vertex  of  the  left 
Tc>&tricle  and  double  mund  into 
its  interior,  to  be  inM'rtcd 
either  into  tho  papiUiiry  mus- 
cle!' and  chordm  tendineae,  or 
into  the  Btrio-ventrieulur  rintr. 
The    two    layer*    thus    fonne<l 

are  acparated  by  a  median  layer,  whirh,  when  i»4>Iiiled  by  n  special  method 
of  preimralion.  hati  the  form  of  a  muscukr  coiif.  It  is  coniMVlid  also  by  many 
fiber*  with  the  outer  and  inner  layers.  The  fiber*  of  this  median  part  de»cribe 
loope.  which,  not  hnvuiR  any  leiidinouH  euuneciioas,  rciura  to  their  starting  point 
(fig.  i>2).  It  is  obvious  that  this  strongly  develoiml  mwlian  layer  niusi  play  a 
^  ^^b<-^  _  prominent  part  in  the  eontrac- 


I 


I 


hutnkii    tiuirl   nt    the   juti«tiui> 
iii>d<II«  third*,  ttller  Krahl. 


h    (iilly 
of  I  lie 


rAtilrttcitd 
upprr  Kiul 


tion  of  the  l.fi   veniriole. 


Si. — Ia>wt  of  Ab<v«  in  the  Mt  veniride  of  iho 
Imnwli  tworl    wh'trh    havp  no  lM)iliiinuj>  inarrtiuna. 
Ttw  mnre  pKt^'miU  utd  more  iniem&l  layen  bav* 
Mnnvnl      Thr  ouUitw  of  tbm  vatin  btart  n 
abown.     AfUrr  Krchl. 


The  ttvnelin'niBin  of  cOD- 
traction  of  the  two  venlrirles 
naturall}'  dcpcudh  <jq  ilic  fact 
that  Ihe  miiM^iiInr  fibers  are 
in  part  common  In  both  ven- 
tricles. Xeverllielc-'i.-  various 
ohservfttion.-*  indicate  that  this 
st^nthronmn  i«  not  an  alisolult 
one,  btil  that  tilth  ventrtde 
pttMfsifPS  a  vrrlnin  phyxiohg- 
icat  indeprndrmr   (Kunll). 

B.  THE  FORK  CHARGES  OF 
THE  HEART 

Tr  (liai^tolf  ihe  form  of  tho 
ventricles  of  an  eiiipiy  heart 
outnide  the  bo<Iy  dejM-ijil*  ill  the 
main  upon  the  way  in  which 
the^   arc  supiiortcd,    whcrca« 
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under  normal  circumsUnc^s  tln?ir  form  depends  in  the  main  upon  the  d^ree 
10  which  they  are  filled.  Iti  wyfttilc  wlicii.  iif  Harvey  put  it,  "  the  heart  makes 
tense  all  of  tls  fibers,"  tliu  ventrides  w-liylht.'r  empty  or  filled  have  u  i>vrfect!y 
definite  form,  which  i»  entirely  indepondeut  of  the  diastolic  form.  Hence  if 
the  heart  is  lengthenwl  in  niiy  one  of  jiii  (iianietor!!  during  diastole,  il  k  short- 
ened in  this  diameter  during  r^yatoic. 

Ill  the   tiriiifi  body   and    in  the   unupetied  che'»t  th^   heart  lie«   in  the  peri- 
cardium and  IB  covered  for  the  most  part  by  the  lun(^    It  is  flU!t|>end«^  upon 


\ 


s 


Flo.  53  — C«»il«  of  Ihp  venlncular  caviiici*  of  the  ox  lii-art  m  rijijor  ruurtie.  ulirr  Wi>rni*MtlUef 
and  SikUitburK.     .1.  cnvity  uf  the  rinlu  v-oEitrielc;  IS.  of  lUu  Ml.     Twu-tliirda  nalural  ■■». 

the  erreat  aneriea  and  an  far  as  the  pericardium  will  permit,  is  mornhle  in  dif- 
ferent direct  ions. 

If  one  obfierrea  the  heart  of  a  mnmmal  in  the  UkuuI  MUjiiiie  [Kxtition  of  tli» 
animal  in  experimentation,  the  diatitolie  heart  is  dnttened  itnmewhiit  in  the 
anterior-poswrior  direct  ion.  while  it*  trnnjiverse  cliauu-tcr  is  int'rtrosed.  Under 
such  oirL-vmi^luucL-ti  one  Hmh  that  the  long  axis  and  the  trannvcrw  diameter 
shorten  in  sj-stole.  while  the  aagittal  axis  boeumes  longer. 

In  the  natural  pn»itiuii  of  the  IhhIv  ihc  lieitrt  is  supported  for  the  moat  part 
by  the  lun^s;  the«i  are  to  be  looked  ujion  as  air  cu^^hions  whieh  Jniluenoe  tbc 
form  of  the  diastolie  heart  only  to  a  flight  extent.  In  the  natural  position  of 
the  animal  therefrtre  the  baae  of  the  heart  must  be  more  eirenlnr  than  in  llie 
aupine  position  vrith  the  ehest  open.  Bv  means  of  needles  *tuek  thmugh  the 
chest  wall  intu  different  iMirls  of  the  heurl,  s*t  that  thi-ir  ends  gave  by  their 
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inov«iBeDt8  the  direetiong  of  shononinir,  Ha3'cralt  fousd  that  the  heart  In  Us 
n&turml  poBition  contractB  in  all  itx  dinu'iiHii>n». 

Awording  10  Broun,  in  the  !«h<irrrniii|f  of  the  lonf^  axis  of  the  hrart  durinff 
tjvUAtt  ilM  (^uival  i-ud  bvconufii  bluutor  and  ibv  luiii^  axis  of  tlie  It^ft  vptitricle 
cwDies  to  f'-Tiu  wiili  tliat  of  tbe  riKlii  h  iw"n*  nrute  uiikIi;  than  during  diastole; 
■t  tite  saiut'  tim?  the  uymx  ui  llit>  ht'Jirt  tanvi-s  f^iiKhtly  to  tlif  right. 

Since  the  apex  of  tlic  lieart  is  its  frixsi  part,  nnc  woiild  t;ijp[H):-e  tluit  nn 
rontracttoo  uf  the  Ion;  axis  in  ventricular  tf,v«lole  tho  apex  would  approach 
tbe  base.  But  rhi^  is  not  iTi^  ca«c:  the  he.^  on  the  contrary  np)imfl(^h(>'S  tlio 
apex,  and  tbe  heart  as  a  whole  niake.'i  no  ehaii^'o  in  poi^ilion.  Tlii--^  iilit-ntinionon 
apHr-nr*  to  Iw  explained  partlj  at  tea^t  by  tlie  recoil  of  the  blni»d  wh*?n  it 
ru^bein  ont  through  the  arterial  opt-niiigs.  Thai  is  to  say.  when  the  Tdntriclea 
drive  the  blood  into  tlie  irr»'al  tirli^riw  (lu'  «pox  is  prevented  hv  Ibis  recoil 
from  morin^  toward  the  ha*«*:  niul  iu<l«]d,  presents  a  relatively  fixed  point 
toward  which  the  base  ii»  drawn  O'tifluvcnu  and  Faivre). 

Tbe  changes  in  form  of  the  heart  cavitiM  have  been  studied  only  in  heat 
fuT  ill  death  ripor.  witere  the  contraelion  of  the  heart  nm-icle  has  proceeded 
nmeh  fartbi-r  than  it  ever  docji  in  Hfp,  Frotn  vuch  obsiir^'ations  il  appears 
that  oven  in  these  extremely  rontraeteej  roiiilitione  the  rmHies  of  the  heart 
are  never  entirrltf  ohHierated.  In  the  left  ventricle  an  evident  cavity  remains 
above  the  summits  of  the  papillary  muscles ;  while  the  right  ventricle  \»  trans* 
formed  into  n  narrow  slit,  ho  that  the  two  walls  in  the  iipjier  portion  und(>r- 
neaih  the  atfio-ventricutar  opening  art:  >till  si-pftnilwl  from  each  oilier  by  a 
crrtatn  (]ir>taDce  (He^^e,  Wonn-Miiller  ami  iSandbor^;  cf.  Fig.  i>3). 


g  2.    THE    REGULATION    OF 


THE    BLOOD  FLOW 
HEART 


THROUGH    THE 


Tlie  nnnnal  eonree  of  the  blood  lhroii|?h  the  heart  iw  deterinineil  rhiefig 
fiy  it-f  valrrs,  but  partly  ali*o  by  other  means,  which  prewnt  the  b|o<»J  from 
flovio^  in  tbe  wrong  direction. 


A.    THE   ATRIO-VENTRICniAR  VALVES 

Betw^ti  tlie  auricle  and  ventride  we  have  in  tbe  right  heart  the  tricuspid 
talvr,  in  the  left  the  mitral  inlie. 

The  trii.-upA)d  i»cotn)K)«ed  of  n  tubular  membrane  fai^teiied  around  the  entin 
circumfen-iicv  10  tht*  atrio-veutricular  ring.  It  is  divided  by  dn?p  incisious  into 
Ihrtf  larrje  and  our  or  two  gniail  flaps.  These  ore  attached  by  mi-Hiiin  of  ilw? 
ebordjc  U-iidinnr  lo  the  papillary'  musclps  nr  to  tho  ventricular  wall.  The  chonlir 
tendinjp  ran  partly  to  tbe  free  udgc  of  tho  valvular  flaps,  partly  to  their  vfti- 
tricular  mrfa<N>  where  tbey  are  attnt-hml  lirimdly  to  the  connective-tiftsue  frame- 
work of  th<-  l]iip<>. 

Tbe  mitral  ralp«  is  similar  in  all  CftAenlial  respects  to  tbe  trieUHpid.  only  it 
ia  niort>  firmly  conslrueted  in  all  it*  parts'  and  consists  of  but  two  flaps. 

When  tbe  xentricle**  contract  the  blood  i;'  prevented  hy  closure  of  (he  vake* 
from  (lowing  back  into  the  auricles,  and  is  forcctl  to  take  the  right  path  into 
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the  arteries.  Without  the  valves  not  a  drop  of  blood  would  reach  the  arteries, 
for  the  resistance  in  the  arteries  is  considerably  greater  than  that  in  the  auri- 
cles and  in  the  great  veins  emptying  into  them. 

During  the  ventricular  diastole  the  atrio-ventricular  flaps  are  more  or 
less  closely  approximated  by  simply  floating  into  position  on  the  blood  as  it 
fills  the  ventricle.  When  the  ventricular  systole  seta  in  and  the  pressure  in 
the  ventricles  rises  suddenly,  the  valvular  flaps  naturally  strike  together  and 
so  cut  off  connection  of  the  ventricle  with  the  auricle.' 

Because  the  pressure  in  the  auricle  at  the  systole  of  the  ventricle  is  infini- 
tesimally  small  as  compared  with  that  in  the  ventricle  itself,  the  valves  must 
close  so  quickly  that  at  most  only  a  very  insignificant  quantity  of  blood  can 
get  back  into  the  auricles  before  the  closure  is  complete.  It  appears  even 
that  the  valves  work  so  promptly  that  absolutely  no  regurgihtion  of  the  blood 

into  the  auricle  takes  place.  When  the  auricle 
contracts,  the  ventricle  is  somewhat  distended 
owing  to  the  flexibility  of  its  resting  wall  and 
its  contents  are  subjected  to  a  certain  tension. 
At  the  moment  the  contraction  of  the  auricle 
abates  somewhat  or  ceases  altogether  the  pres- 
sure in  the  ventricle  becomes  greater  than  that 
in  the  auricle,  and  by  this  means  the  valvular 
flaps  are  brought  together  even  before  the  ven- 
tricular systole  begins  (Baumgarten), 

The  great  pressure  which  is  brought  to  bear 
on  the  valves  during  the  ventricular  systole 
would  cause  them  to  turn  up  into  the  auricles, 
and  thereby  cause  serious  disturbance  to  the  cir- 
culation, were  it  not  for  the  chordfe  tendinis. 
Since  the  chorda;  are  attached  not  only  at  the 
free  edges  but  also  on  the  flat  surface  of  the 
valves,  the  latter  are  prevented  not  only  from  turning  up  into  the  auricle,  but 
even  from  bulging  toward  it. 

Because  of  the  chordse  teiidina?  the  closed  valve  takes  a  perfectly  definite 
position,  the  central  parts  of  the  flaps  being  pushed  up  to  the  level  of  their 
attachment,  and  their  turned-down  edges  being  applied  to  each  other  as  in  Fig. 
54.  By  this  means  closure  is  established  over  a  greater  surface  and  is  secured 
also  by  the  fflct  that  the  bent  portions  of  the  etlges  dovetail  into  each  other  by 
t<K)thIike  folds,  bo  that  the  valves  are  able  to  fiustain  the  great  preasure.  The 
circumference  of  the  base  of  the  heart,  and  at  the  same  time  that  of  the  atrio- 
ventricular opening,  becomes  ver>-  much  smaller  in  ventricular  systole:  the  mus- 
cles surrounding  the  opening  therefore  must  be  credited  with  a  share  in  the 
closure  of  the  passage. 

The  role  of  the  papillary  muscles  in  the  closing  of  the  at rio- ventricular  valves 
has  been  conceived  in  very  different  ways.  The  most  probable  view  is,  that  they 
prevent  swinging  of  the  valves  into  the  auricles,  the  approach  of  the  heart  base 
toward  the  apex  being  compensated  by  their  contraction  and  consequent  pull  on 
the  chordaj  tend  inn;. 

When  the  auricles  contract,  regurgitation  of  blood  into  the  great  veins  is 
prevented  by  contraction  of  the  circular  musculature  passing  around  the  latter. 


Flo.  54. — PoMtion  of  the  strio- 
ventricular  valves  whrn  closed, 
ftcliematic  drawing,  aft«r  Krehl. 
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their  openings  being  in  this  \ray  cither  narrowed  coasiderably  or  actually 
dwed. 

B.   THE  SEMILUNAR  VALVES 

B\thx  the  blood  cannot  flow  l>ftek  into  xhv  auriclL'  during  the  ventricular 
le.  it  mut^l  iiuss  into  tlic  fpt-nt  Arteries.     The  months  i»f  the  latter  are 
cloMxl  by  means  of  valves,  each  consisting  of  three  pouchlike  papa. 

Thf-w  flaps  are  semicircular  iripmbranes.  featcncd  by  their  curved  cdgrea  to 
lbi>  wall  of  the  T<'S9><'1,  m>  thai  the>'  elaucl  out  with  their  straiphi  e<lgi-«  from  the 
wall  and  present  conenve  iiurfoecs  towuwl  ihe  arteries.  I»  ihi*  way  pwuche« 
arp  formed  in  which  the  hlocKJ  i»  caught  mid  damiii^'d  hack,  whib-  »1  the  ttamo 
time  the  wall  of  the  pocket  turned  ttiward  tbo  lumen  of  the  %'e^^el  i^*  put  on 
tbr  «I  retch. 

In  bclh  the  aorta  nud  the  pulmonary  artery  the  wall  bulges  outward  directly 
above  the  attached  edin^  of  tbe  vulve,  fonitiufr  in  eaeh  ihree  enLnreement»,  the 
xinwrj  of  VaUalva.  In  the  nnrla  one  oinu^  is  <Hrectod  baekwunl.  two  forwaril, 
ritfbt  and  left  From  the  latter  two  the  right  and  Itft  coronary  artrrie*  XnVe 
tbcir  tiHifiii. 

When  the  prewnre  iti  the  ventricle  is  lou-cr  than  in  the  t*f>rref!ponding 
nrtcrj,  iJw-  wmilnnar  valves  are  closed  with  their  wljie,*  applied  tiphlly  to- 
jrether.  When  the  pressure  in  ventrinilar  systole  incrcaKes  enough  to  ejtceed 
that  in  the  a/>rln  or  puhnonnry  artery,  the  valves  open  and  the  blood  Howa 
oat.  When  the  ventricle  again  paj-w*  into  diastole  the  valve  la  eIo*?d  once 
more 

What  position  the  valves  take  in  avi^tolc  is  not  yet  dcflnitelr  determined, 
although  variouit  ob(»ervations  make  it  jirobahle  that  their  free  ed^es  stand 
out  some  distance  from  the  sinuses,  thus  narrowing  llic  arterial  mouths.  It 
should  bo  added  that  there  are  certain  muscular  fohU  i^pringir;;  from  almost 
all  flidea  of  the  artery,  which  wnre  aa  ««pporti'  for  the  valve*  (Krehl). 

Id  eonsrquenee  of  this  arrangement  the  IiIixhI  is  pre^^ed  through  a  narrow 
mOK-ular  cleft  into  a  wider  «pare  above*  the  valve;!.  This  must  cause  vortiiNM 
anrl  i*ldie*  lo  U*  fomie<l.  which  tend  eonfilantly  to  press  the  flaps  of  the  valve 
together,  and  they  an*  unable  so  ti»  dn  nnty  iKviiune  the  blood  is  l>eing  forced 
through  at  hijch  pressure,  Wlien  llie  fiutllow  feaacs.  the  valrci  are  pressed 
together  suddenly,  mid  wiihoiit  nttt/  regunjitailon.  The  closun'  i.*  rigidly 
maintained  by  the  difference  between  aortic  nnd  vcntrieulnr  pressuren.  a  dif- 
ference which  i»»  moT  than  *utlieient  onco  the  muscles  of  the  ventricle  relax 
ami  th^'  above- me  til  toned  nius<-ular  .snjiporls  of  tlu*  valvex  give  way. 

8  3.    THE   HEART   SODITOS 

If  the  ear  \ye  placetl  over  the  hreatit  wall,  with  every  heart  beat  one  hears 
a  dMl\,  hnif-drau-n'out  sound,  and  after  thiit  a  shor(er,  ctrar  sound.  Then 
fnllnvM  ft  pauDc.  then  again  llio  dull  -tound,  and  m  on.  The  long  ^ound  tit 
callol  the  first  heart  sound,  the  following  one,  Ihe  r«cond.  The  first  is  heard 
thrnughoot  Ihe  entire  ventricular  syjftMle.  and  only  then.    The  second  followB 

K  inunediatcly  after  the  fir^it.  i.e..  immediately  after  the  end  of  the  ventricular 

BajTRlnle,  ami  after  it  comes  the  patise. 
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The  cause  ol  the  first  heart  sound  Is  to  lie  sought  chiefly  in  the  so-called 
mwcle  iove;  lliat  is  to  sav,  in  the  time  or  noise  which  is  to  be  heard  whenever 
a  niiiscli-  cnntraots  (cf.  t'haptcr  XV).  The  first  sounti  is  cleftrly  aiirHiil<>  in 
the  case  of  a  h«art  which  it*  uliiio.*t  entin-ly  cmpt_v  of  tiloixj  and  nir,  and  in 
which  accordingly  the  valves  cannot  Iw  stretched,  and  cannot  therefore  be  »«t 
in  Tibrfllioii  (I.udwig  and  Dogiel). 


Other  factors  cooperate  in  the  production  of  the  first  sound,  notably  t 
closure  of  the  atrio-veniricsilar  valv*»  «t  (1h^  hejuriniiin^  i>f  «y»twl(;.  auJ  the  vibra- 
tions set  up  in  theni  ainl  in  the  blood  by  their 
clusurc.  1 1  16  ttot  imiHtKeible  that  vibnitiunt 
which  are  caused  by  the  (>{)enin(i;  of  ^he  -iemilunar 
vrIvos  play  a  certain  part  also  in  the  prrtdnction 
of  thi*  »ound.  Hi'wvver  tb**  ino^l  pn>riiiimit  fac- 
tor of  alt  is  a  niUHcle  sound  with  which  these 
r>ther  sounds  are  ai«(>L*iated. 


J 


Tlie  8een.nd  heart  mund  in  produced  hy  the 
sudden  irtimrm  of  ihr  srmihmar  rftlvz-n.  and  by 
other  siinultjinenus  vibrations  in  the  blnod  con- 
sequent upon  their  closure.  Sudden  stretching 
of  those  valves  in  an  excised  aorta  prmlucos  a 
sound  which  agrt-cs  exactly  in  character  with 
thcinecond  heart  sound  (Carswell  and  Ronanet). 

It  will  be  apparent  at  once  that  we  have  in 
reality  fniir  founds.  Iwo  first  and  two  secund. 
Practical  cxpcrienre  teaches  hciwevpr  that  the 
first  two  occur  sinniltoneously  and  the  scoond  iwn 
»iiiiullaiii'i>u>ily :  and  ibis  i*  nUo  ••videncc  nf  the 
fact  that  both  vcntrieles  bpRin  iheir  contractions 
siniultancou^b'  and  that  the  ^■miluiiar  valves  of 
the  two  sides  are  clospd  at  the  same  iiistant. 

g  4.     PRESSURE    CHANGES    IN    THE 
HEART  DURING  ITS  ACTIVITY 

A.    TECHNIQUE 

In  order  to  measurv  Ibe  |irw(urc  and  it«  »ari- 
ations  in  different  chambers  of  the  heart,  it  is 
necPM"flr>'  ihal  these  should  be  couneclcd  with  a 
manompter.  This  can  be  done  in  the  closed 
thorax  by  parsing  n  mnnula  or  sound  from  the 
camtiil  ihrouKli  'lie  aoria  into  the  left  ventricle, 
in  which  one  must  »o  far  an  poaBibk*  avoid  injury  to  the  semilunar  valves  (Chau- 
veau  iinii  Mnrey),  Sounds  can  be  passed  likewise  by  the  jupnlar  vein  into  the 
rifibt  auricle  and  ripht  ventricle.  In  the  openr-d  thorax  sounds  can  be  thrust 
either  directly  through  the  wall*  into  the  different  heart  cavities,  or  they  can 
he  passed  into  the  ventricles  first  throujch  the  walla  of  the  auricles,  then  throuKh 
the  atrio'ventrieuiar  npeninjrs. 

Various  iustruniente  have  been  constructed  for  the  study  of  the  preasure 


« 


Fia.  M, — Hwirt  Mtund,  nftcrCl)«iu- 
vMJi  and  Kmny. 
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Tariations.  The  requinnocuts  for  such  an  iDstrument  an;  ver>'  evrere:  indeed 
there  occur  in  the  veiitrielca  variations  of  131)  mm.  of  H(r.  in  0.00  of  a  sfcoiid 
• — i.e.,  2.170  mm.  Hp.  in  a  sewind.  Thp  infitrumi'iit  tn  be  asod  muBi  V  capable 
theirfore  of  riK^linK  itself  very  quickl.v.  »nd  muil  be  at  the  same  tinte  to  a 
hifcb  dcfTTve  aperiodic  so  that  it  bus  no  usi'illnliottH  of  it«  own.  Th«  6nt  intitru* 
Dwnt  u*«l  for  this  purpose  was  the  writiiip  tambour  nf  Marey.  This  was  con- 
nected with  a  sound  of  pf^ulifir  ooni*tnictioTi  (cardinnraphic  sound)  pnsAr-d  into 
the  heart  chambent.  Such  a  sound  (Fig.  5.1)  consintK  of  n  lube,  the  end  of 
which,  to  be  placed  in  the  heart  chamber,  carries  a  rubber  bulb.  The  latter  is 
FU|iportrd  by  a  steel  frame  (a,  v)  bo  that  it  i»  not  rcimpletply  roTnpresMble.    The 


oil 
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Fio.  flflt— Imf»c«rdiiil  prponiire  curvrs  of  tlie  liurec,  alter  Chjtuvi>«u  wn.il  Mnrc^-. 
uuiclc:  V'vnL  O..  right  vmtricli::  Van.  O.,  left  ventricle. 


Or.  D-,  right 


tree  end  of  the  ftonnd  is  connected  vith  the  irritin^  tambour.  With  the  prrsauro 
chaiifte*  in  the  hrari  cavity  the  air  pressure  in  the  bulb  chanfrea  and  the  writing 
taaibour  n-eords  the«e  variations  ^r»]iliicall.v.  Tty  Auitable  mean«  the  currea  tbua 
obtained  cau  be  estimated  in  absolute  tenna  (millimeters  of  IIk.). 


m 


PRESStntE  VARUTIORS  HI  DI7FERERT  CBAHBERS  OF  TBS  HEART 

A.*  alrcad.v  olwrved  the  auricle^  contract  first.  The  duration  ai  their 
lEWtoleup  In  tlic  point  of  maxinuini  prcHsurc  is.  in  the  hi»r«\  0.1  «*cotnl:  thai 
nf  the  icntrides  up  to  the  point  where  the  fall  lu  pressure  begiui^  is  coi)*ider- 
iMv  loDtjiT.  namely.  0.4  second  {al*n  m  the  horse).  The  maximum  prcsstirc 
in  the  ri^ht  auricle  of  tho  Ang  is  given  a^  Ztt-fi  mm.  Hg.  (Roltz  end  Gaale). 

The  rnrni  of  iho  pre^uro  variation*  in  the  heart  chamber.-*  is  variouiiW 
Sjrared,  acoordinp  to  the  in^tnimctits  ii.-^d  in  ilieir  jrmphic  regi.-itration.  The 
difference  \f^  due  to  the  fact  Ihnl  not  nil  the  different  inritrumeutA  give  the 
rapid  variationi*  in  prewure  with  Kuflieient  exactnei»». 

Tlic  moot  correct  form  of  the  intraenrdinl  prtvstire  curve  appear*i  to  cor- 
rwpond  (ii  the  type  r«prw«ntcd  in  Fig.  56.  If  we  neglect  details  which  are 
rdatively  tinimportaDt,  the  intracardial  prcMure  rtrna  somewhat  aa  foUovB: 
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(1)  a  smalt  elevation.  (2)  a  very  steep  ascent,  (3)  a  subse(}iifnt  much  slowr 
atcent,  or  a  plateau  almost  paratle!  lo  the  abscissa,  {i)  a  rapid  fall  from  Iht 
maximum,  (6)  a  very  gradual  ascent  (Fig.  56).  , 

The  maxinium  pressure  of  tW  veDtriculnr  Byatole  has  been  determined  also* 
by  thr  MK-mHnnnifiti'r,  by  inHTpDliitiiig  between  iho  ht'un  and  the  Hg  n  mnii- 
mum  vaK-p   which  <hk'hs  with   r-vn'rj*   iiicrpftSP  in   the  ventricular  prt^Asurr,   hutj 
prevents  the  return  of  mercurj'  with  the  fall  of  iirwtgun?. 

The  maximum  pressure  in  the  left  ventricle  may  amount  to  200  mm,  Hjfl 
(in  the  iloji).    The  |irL'>:»-urL'  in  thu  rijrlu  ventricle  i»  cousiderably  Ihwit;  in 
ttiedog  the  pressure  in  ihe  pulmonarj'  iirteriea  varies  between  10  and  33  mm. 

Hg.,  in  Ihe  rabbit  beiwwn  G  and  35,  and 
in  (he  cat  between  8  and  25  mm.  Ilj;. 
A  fit-finite  mtio  between  the  pressupes  in  ibe 
h'Aper  ami  [lie  greHter  circnIatioTis  dots  not 
obtain,  bet-ause  oven  with  very  great  varia- 
tions in  jiressure  in  the  greater  eirculatinn, 
only  relutively  slight  variations  gojiemllj 
ocmr  ill  the  lesjipr  (cf.  .Section  111,  §  H). 
On  the  prpfirtitre  curves  given  abot 
various  (iingle  |K>iiits  are  found  whlc-lt  are' 
sometimes  more,  sometimes  less  clearly 
marked.  Some  of  these — e.  g..  various  peakii 
which  oociir  in  many  tracings  al  ihe  height 
of  the  plateau — nre  doubtless  artifactf  jiro- 
dufi'd  by  cxtrf'me  vibrntionn.  while  others 
are  definite  expreiaions  of  event*  in  Ihe 
heart.  The  latter  we  must  discuss,  tbere^P 
fore,  eome«hat  more  in  detail.  ^^ 

At  the  beginning  of  the  pre*suTft  curve, 
(H^foi-e  ihi'  Bfitfiit  which  fornssponds  lo 
i*trong  rine  in  the  ventricular  systolic  pi 
surw,  n  slight  elevation  i«  .tometimes  ver 
beautifully  i<howi].     Thit>  elevation,  as 
Ie*m  from  Fig.  56,  i»  caused  by  the  auricular  contraction  and  the  eonsequent 
riwj  in  pres^sure  in  ilie  vt-nlriele.  ^H 

In    ihe   iutracardial  prvfsure  curve  of  the  Iior*e.   Chauveau    has  denion-^ 
ted  between  the  peaks  corre.*ponding  to  the  auricular  .systole  and  the  begin- 
ning of  tb'  true  ventricular  systole  a  more  or  less  clearly  mnrktHl  infrrm-^toU 
(Fig.  S7).    .\  simihir  elevation  appearx  now  and  then  aim  in  the  cardingrarr 
of  man.  and  rcprej^nt-?  doubt  k-nw  a  hritif  riw  in  the  prcsisure  inside  the  \ea- 
tricle.    Thif*  liii.«  tw.H?n  refwrred  with  gn^al  proliabiliiy  to  the  ela-^lic  reboun 
of  the  Ti-Ltricidnr  wall  after  the  coniiileted  auricular  systolo.    Obviou-ily  it  ca 
appear  clearly  onlv  in  ca-sc  a  measunihle  nrae  inlervcnej;  between  the  ma.\imum 
of  the  auricular  contraction  and  ihe  iK'ginning  of  the  ventricular  syi^tole. 

After  tbe  ventricular  systole  has  begun,  it  r«quires  a  certain  time  before 
the  powi?r  of  conlraetion  becomes  sufficient  !o  overcome  Ihc  prewure  exerted 
by  tbe  Id'wwl  in  the  vessels  upon  the  ^niilunar  valves  (period  of  rifting  ten- 


t'ta.  57.  — PrriwiirP  cut%-*w  at  llic  ri|Eht 
vvDirivli-  (1'  />>,  uf  lliplvft  vpDtrlole 
(VG).  lui'l  at  th<  aorta  i.A  nlofrhc 
boiw.',  nttrr  Cbmivvuu.  3— *  a,u- 
rioulftr  cnnirtu'tiuD:  4-2  infcniy*- 
UA».     Tg  tx-  Ttuil  truin  IrfL  tu  fifftit. 
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l).  It  w  tfviclont  that  the  semilunar  valves  vtiiM  op^n  Ihe  moment  (he 
ttf  in  ihf  aorta  u  fxefttded  liy  that  in  the  ventricle.  So  amivitlily  is  tliin 
point  pofttwl  lliat  it  id  nnt  marked  nn  (lie  preasure  curve  by  «ny  Hpi-cial 
flurtUAlion. 

TW  prriotj  of  rinng  tension  can  he  determinet]  on  an  animal  by  recording 
the  pmwnire  in  the  aorta  and  in  the  left  ventricle  at  the  mttio  time.     It  is 


I 
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FW  SS. — riiMiiMi  riirvM  from   the  kft  rmlridc-  (1)   ftnd  lh«  korUk  (Z),   at   the  hone,   &ft«>r 

ChauwBU  nnd  Man)', 

fonnd  (ef.  Vijz.  !i&)  that  the  pressure  curve  of  ihe  ventricle  rises  from  the 
ahwiwta  iu  the  hor<o  about  0.1  second,  in  the  dog  0.03  tievoml  earlier  than 
line*  th<>  pn*«-iiTv  riirv*'  of  th(-  diirtti.  Tlie  [M-ritMl  shows  but  (slifiHl  varialion 
vilb  viiryiii^  bhxKl  pn^sni-e  <ir  wifli  diirerrtit  nitiv  of  lieart  lH>at,  whirh  UK-ans 
tiint  thi^  heart  ixwitvvMV  in  a  very  hi{;h  decree  Itif  ability  to  meet  almost  with* 
out  l«Mw  of  time  very  different  ik-maniii*  U|mn  it.-i  powers. 

Ill  niiui  the  (leriiMl  of  rising  tension  hat*  lieen  obtained  by  comparison  of 
t\w  Mimiiltaneiiiiit  a|M>\  and  pulH^  curves,  iind  Xft  ;^Ten  by  dilTerenl  authors  n1 
fmtii  U.i)'>  Id  n.  I  M-efind. 

Ctorure  of  the  gcmHutiir  vahen  must  lake  pliiee  whenever  the  prciwure 
in  tW  aurtu  eicinvd*  by  ever  «o  little  that  in  the  left  rentriele.  By  fiimul- 
lanoitM  nfiistralinn  i>f  pnwsure  in  the  aorla  and  in  the  left  ventricle  it  has 
lirvn  fnund  tbal  Ihe  moment  of  ■'•pisl  pressure  foHows  shnrtly  after  the  he^in- 
uin)C  iif  the  <tteep  dt^vnt  ru  the  vi'iiiriele.  I)iil  this  int^Lant  is  not  tthovrn  in 
sny  e])orial  mnniwr  ou  tlte  tracin;;. 

Sii  h>n^r  na  the  pre^un?  in  the  vontTtrle  ix  higher  than  that  in  the  aorta 
or  pulmonary  arleriis.  ihe  hbMMi  in  liein^:  driven  out  of  the  heart.  The  dura- 
lion  of  the  period  uf  rjfiliim  (le[K'iids  on  tlte  aortic  pres-^ure  at  the  hepiiining 
of  STBtoIe,  'ir  upon  the  pulw  f  re(|ueney  only  to  a  very  slij^ht  ejttent :  it  amounts 
to  about  O.IK-O.SI)  luvond  in  the  dog. 

Al  ihf  rlos4?  of  Fv-'i'tje  the  Iiejirt  ehanilwr*  gradually  fill  with  blood  and 
u  a  coDtfcquencv  llw  inlracardial  pressure  gradually  ri^es  slightly. 
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g5.    TH£   APEX   BEAT 

We  have  iu  the  apex  beat  a  inf^aiiii  o(  ^.tutUing  tht*  different  questions  which 
have  to  do  with  the  prcsf^iire  nOtilions  ami  the  form  L'liari^w  uf  the  heart 
in  the  normal  iininmi  and  m  rmui.  Uy  plaeing  the  han<l  on  tlie  chest  wall, 
when;  tht-  heart  is  not  covered  l>y  th«  lunjfa — i.  e.,  in  the  fnunh  or  fifth  inter- 

rostal  space — on  impulse  can  he  fell  with 
ever}'  venlrii>ular  fvstole.  which  h  tallwl  thr 
apex  beat.     In  lean  individnalu  an  fltrvalioD 
of  tho  inlereostal  wall  can  lie  nUsfrvinl  with 
the  cjo.     This  fact  is  of  itwif  xullk-ient  to  ^ 
show  thai  the  heart  nrtunllv  riirikes  ugain^t  H 
the  eliest  wall,  imt  <1<h'-h  nut  on  the  other  hand 
prove  that  the  ventricle  widiilraw:*  from  it 
in  diastole.     In  diastole  the  heart  is  tlabbv 
ami  weak.    If  one  prosites  with  the  )in}^r  on  h 
the  i'.\p(j!^C'd  heart  at  thi:>  time,  only  a  lilUe  ( 
rtwirtlance   it*    fell,    even    though    the    finger 
d(x:s  not  make  a  permuueut  iuipru»«iou.       ^_ 
A«  soon  however  nii  the  Tentricolar  «y»-^B 
tole  iM'^iinw,  the  heart  suddenly  beeomcs  hard 
8JiJ  exerts  a  very  strong  pressure  on  tho 
finger.    Everywhere  it  feels  as  if  the  flngpr 
were  tjeing  pnM.4ed  against.     This  fudden^^ 
hardening  is  the  eaferitial  catite  of  the  aprx^M 
Imt   (Ilnrvey.  Kiwiwh,  Marey).     In  addi- 
tion to  tliiH  liowi^viT  Iheiv  iii  an  etTort  od 
the  part  of  Ihe  ventricle  to  assume  such  a 
form  that  the  apex  will  ^tand  vertical  to  tlie^n 
(t'arlile,  Ludwig).     Consei|uently  Ihe  heart  in  its  systole  takes  the  posi-^| 
tion  with  refereiUN'  to  the  chest  wall  deserihed  by  the  dotti-d  lini-  in  Fig.  Sy. 
The  apex,  therefore,  hlrikf.><  against  the  thoracic  wall  and  pushe:^  it  forward 
to  a' slight  extent. 

In  opposition  tu  this.  Shreiber  remarks  that  the  heart  ehambers  must  aaautnaj 
tlie  aame  form  (a  right  <-om')  after  the  auricular  euutraution  and  before  tha 
he^innin^  of  The  systole.  But  this  follows  of  necessity  only  in  case  the  ven- 
triclcM  bccomp  lur^i^l  with  blond — n  thing  wliich  mrely  results  fntm  auricular 
coiitruelion.  Witli  uii  unlijiHi'.s'  lilliriK  ot'  ihf  vt-iitricWK  their  diHSlolic  funn  may 
be  very  different,  just  as  an  india-rubber  balloon  may  vary  in  shape  until  it  is 
highly  inflntL't),  when  it  l)ecomcs  Hjilii-ricul. 

Other  factors  also  have  been  brouffht  forworrl  for  iVoretioal  explanation  of 
the  apex  In-uI.  It  hiiH  Ufu  assumitt,  for  exHinpte,  that  the  heart  bent  sKainst 
ibo  thoracic  wall  is  due  chicBy  ty  the  r(rk.)und  eonsequeul  upon  the  ejection  of| 
blood  from  ihe  ventrielc,  or  in  other  words,  has  il»  ortfriri  iu  tht-  »ilrt'tchinK  sod 
elongation  of  the  Kreat  artrriea  by  means  of  whieli  the  heurt  in  thrown  fom-nrd. 
It  is  po»«itiI»?  that  tlii'w?  faclorK  do  in  fuct  contribute  to  a  wrtain  extent  in  pro- 
duuiu(r  the  lieal.  But  that  lliuv  are  not  tlip  only  fncton,  and  do  mtt  even  repn>- 
sont  the  most  important  mfvhonism  concerned,  appears  from  such  facts  as  these: 
first,  the  forward  niovotnent  can  be  nhservi-d  on  nn  excised  heart  empty  uf  bluud 


Flo.  58. — SoLpiuh  illualruliim  Liid- 
wig'A  llicary  ut  ihr  ajiex  Ik'uI. 
Tliv  d(il1ctl  liiiv-  rcprvuctita  llii- 
poaition  i>l  tltv  h««rt  in  n>'aluLe. 
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u  woll  as  on  one  with  ligaterl  arteries;  nnd  »eeoncitj'.  thp  movempnt  appears 
imnwiliBU*!;  at  the  beKinnitig  i>f  ibc  ventriculHr  4y»tule,  while  the  n[icning  of 
lltt'  wmiluiiBr  viilve*  and  thv  ejeelii'ii  of  l>ln<n|  imo  the  Rreat  arteries  follows 
■pprcuiably  later  (cf.  page  171). 

Tho  apei  heat  offer?  the  only  pw-sibility  of  studying  tlie  hrart  nioTcmcnts 
on  a  living  man.  and  for  thi^  roa<nn  much  atlfiitinn  has  heen  devoted  to  iU 
graphic  rvconl.  eallcd  ih«  airdiogmm. 

On  ammals  the  inlraeanlinl  eiirve  dhH  the  eAnlioKmni  can  of  courste  be 
rr«v>r(l«l  AtmtiltHiifV'itHly,  thr  lutter  li,y  piiiihiii^  in  l>i'tw<vri  th«*  cIh^i  wall  and 
tl»r  hearl  a  "mail  biilUHiii  whii'h  etinimuiiieiilcK  with  thi*  wrUiitK  tiinibour.  In 
tlw  two  vtinrcx.  as  «lii;wn  in  Fir.  tlO.  we  <>|i)ien-c  variuus  similarities  tutd  (li(- 


I 


Pm.  BD. — t~urvt»  of  praanuv  Id  (lir  rislit  iturklo  O,  iti  (li«  rislit  vimtriclp  V,  mkI  uf  the  «pex 
bcBl  /*  (hurwT),  kftEr  blikuvenii  Mid  Miu-ny. 

feTTOoea.  lu  both  we  have  at  A  the  elevation  entixed  by  the  aurieular  coirtrac- 
lion;  tikewiw  Ihe  *(«•[»  rise  at  ilu;  beeiimiiie  uf  llie  (^yslolr,  (Jii  the  eanhopnim 
thisi  maehefl  its.  maximnm  earlier  than  dnf<>  thf  aAcendinp  limb  iif  tbe  pn-i*.-ture 
corve  (B).  After  the  maximum  is  mief  ronohed  tho  pn-^itiirc  eurve  runs  alinnst 
pamlLO  with  the  alMri»iia,  nr  it  riseH  f;raduHll.v.  then  sinlc»  Midilttiil.v  at  ihi.*  end 
of  tlic  veutricular  !«y»ti>k'.  The  carilioiintm  beictns  to  full  much  earlier,  but  doea 
an  mure  icradiinll^*  nlthoiinh  tinally  it  show»  alto  a  atecp  full. 

At  the  line  <_?  we  find  almoot  at  the  base  of  the  doMvtiilinfr  limb  nf  bnth 
CUITM  a  small  eleTntion.  which  nw  shall  presently  discuss  fartlicr.  After  the 
end  of  oyHtdle  the  viMilriele  i»  filk-d  with  blotx],  and  tbe  pn.'!Ktiire  nVtt  vlnwly  up 
tn  the  suecoedinR  p>*stole.  At  thr  »»mi?  time  the  eardiofrram  rises  slowly  nbnre 
tbe  abaeiwa.  If  tbe  eonirnelton  of  an  empty  heart,  he  reconird  it  \um»  Quile 
another  form  fn-ni  that  of  the  eardif^rnm.  Fntni  whic^h  it  \*  evident  that  the 
latter  is  not  a  )>imple  contraction  cur^e,  but  mu!*t  be  regarded  an  in  fact  a  com- 
bined  prewurt-  and  volume  eurre  of  ilic  heart  clinnibera.  It  is  a  presaurc  curve, 
for  the  miwin  that  the  burton  placed  over  the  brrnst  wall  exerts  a  pressure 
agiiiut  whieh  the  heart  doea  work.  It  tft  however  at  the  same  time  a  vnlunve 
curve,  in  w  far  bp  it  In  influenerii  by  the  volume  ehangea  of  the  heart. 
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Fio.    61. — Rwrivinp  Cibtnbaur  of 
llarvj'*N  rnriLiiigrapti. 


While  tliu  hear!  i«  filliiiB  duritig  dittslole,  the  cnrve  riBea  erRdiially  above 
ibe  nliu^cisiiH:  but  wiiik"  lUf  vt-tilricliw  Err  lipiii):;  ».'iiii>tifcd.  i.e..  while  the  smi- 
luiiiir  Vftlvps  nn*  iiiii-iifi!,  llie  prcRsurc  against  the  breast  wall  is  iwmH-what  let* 
hikI  the  recoidinp  tnmhtmr  canuol  therefore  follow  the  progrewtivo  invrvnsc  of 
blood  prt-ji!*ure. 

For  the  Rraphie  reuistration  of  the  apex  beat  in  niiiii  the  method  of  air 
trail  amission  i-s  (teinrally  umkI,  as  for  example  with  the  nppnriituN  rfpnwrnt)-*! 

in  Fig.  fil  (rardioriraph  of  Marey).  A  me- 
tallie  box  bears  (he  pUinirer.  p.  faHtentil 
inlo  twii  Mitflll  metnllir  «3i^l(s,  between  which 
lln*  rubber  itm'nibrai]**  of  the  laintxmr  is 
[ilarwL  A  spirul  t^priinr  between  the  inuer 
of  lhe!*e  disks  nml  the  bottom  of  the  box  givtx 
fl  snitablc  tension  to  the  memhrane.  The 
canlitwrujih  i«  plneed  over  the  ihoraeic  wall 
in  i?uch  n  manner  that  th»*  plunger  pnwiw*  on 
the  Hn-a  of  ilu:  a|>L-x  beat.  The  i^ide  lube,  r, 
lendinc  oiif  of  the  box  plni-eit  it  in  eonnertton 
with  the  recording  tambour. 

It    i*    L'viiU-iit    ibnt    ntt    iippurntUK   pla<^ 

over  the  rhest  wall  in  this  □lauticr  must  givo 

n  ninre  which  H^nfj*  iwtsr-niially  with  the  one 

obtaitird  by  means  of  n  bRtlonn  inwrted  between  the  henrt  and  rhest  wall ;  for  the 

movetitonlM  of  (he  ehent  wiill,  whieh  is  now  bftwccn  the  tambour  and  the  heart. 

BH!  det«nnin«d  by  the  moTementM  of  the  heart. 

Tfip  human  rftrtUitijrftmx  published  in  the  literntnrp  show  ponwderalili' 
dtfTcrenens  in  form,  deiK-iiiiiiif:  f)riinarilv  ii|Min  llm  nature  nf  the  rtvonlinj; 
app«r«tu!>  eiiiploved.  From  what  we  know  of  the  po*»<ibilitie»i  of  Ihii"  apparatus 
(Hiirthk-)  we  may  sa_v  tliot  the  form  of  Ihc  normal  eanlio^am  nf  man  \i 
about  that  represented  in  Fig.  *j'^.  We  have  here,  as  in  the  animnlf,  an  ascojid- 
inp'  limb,  a  plnleaii,  which  inrlines  tnwarrl  the  ahseis.'ift  nr  nins  parftllel  to  it. 
and  a  dew^Ddinj:  liiiih.  Bueides  then;  are  some  small  devatioi^^,.  M'hich  in  part, 
at  least  are  artifact*. 

Often,  if  not  always.  tJic  cardioprani  begins  with  a  bbmII  elorntion  which 
in  raujieii  by  the  eonlraetinn  nf  the  nuriele.  After  this  follows  the  steep  rise 
eaused  by  the  eontrnctinn  of  (he  ventriele.  In  this  ca.«c  the  beginning  of  the 
ventricular  contraction  can  fie  clearly  nvo^iiztHl.  It  may  hflppf?n  however 
that  the  auricular  eontnietion  is  not  specially  marked,  hut  pai^MS  unin(<>r- 
niptedly  into  the  ascent  privhtee*!  by  the  ventricular  contraction,  in  which 
ea>e  it  would  be  erroneous  to  rerkon  the  Ulrer  from  llie  foot  of  the  a^cendin^ 
limb.  This  form  of  the  curve  result*  oftan  from  too  little  tension  of  the 
cardiograph. 

On  the  cnrdiofrram  one  sometimes  finds  nt  the  end  of  tbc  auricular  »y»t«»lo 
the  aboTe-mentioned  (page  170)  phTalimi.  called  by  Chnnveau  the  inlvnii/sioU, 
which  indicntcft  the  moment  of  closure  of  the  ntrio-ventrirular  valves.  A«  n  rule. 
however,  the  elevation  does  not  oeeur  on  the  human  cardiog^ram.  On  the  other 
hand,  the  mntnent  of  opening  of  the  semilunar  vahi-s  in  some  eases  eome^  out 
clearly  at  the  first  turning  point  of  the  cardioprnm,  where  the  aiv<mding  limb 
pAssiT^  over  into  the  plateau  (Fig.  62.  ft).  The  time  interval  between  the  bfli*e 
and  the  first  turning  point  of  the  cardiogram,  therefore,  represents  the  period 
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riainff  tension  (periiKl  nf  closurp)  of  the  vfrilriclc.    Thin  period  is  not  by  txij 

in^  alviij-ii  clearly  delimited,  and  could  have  but  itmull  practical  value. 

In  ttrder  t*i  ilclcmiiiie  lh<>  mompnt  uf  i'l<>siin'  of  \hf  tti-uiihitiiir  viiIvl-*  on  the 
human  iiirdiufrrHni.  the  favnrt  MiumU  hnvL'  l>et>u  aiibcullulcd  and  mnrked  on  tlio 
ctirvc  by  mcnn^  *>f  nn  eliviric  i<iK)>iil.  Tht-  rxuctnt**  nf  tliiii  nu'thcul  is  not  threat 
howt'Vfr,  and  from  ub«wn'alion»  of  this  kind  (mo  cnn  s«,v  wifh  wrtainly  only  that 
thv  Mvond  hvnrl  »t)und  fnlU  tkomcwhcir-  in  Xhv  euurse  of  the  dem.'cndinK  limb  ot 
thi*  canlinfcraiu.  Atletu|)ts  bare  been  mndc  t bt-rvfurc  to  dvturtaiue  tliits  inimii-iil 
b;  tiihtr  nirtboda. 

fn  man  Ililrthlc  and  Kinthovcn  hnvc  wpristerod  thf  heart  sounda  automat- 
ically in  rariou!)  w»yc  and  haw  fouiul  that  the  second  Kitund  comCA  abnut  t>.l>S 
?nd  aftor  tht-  U-ttinninK  uf  the  etocp  de^p^nt. 

Finally,  F>ltfrfn  Ints  attempted  to  roIvi-  iIip  pniblom  by  liimutttineaus  reais- 
tration  of  the  npox  bfyjl  and  tl»o  pulw,  Sineo  the  pulw  wave  rcquin-s  a  rnrtain 
limp  lo  pmpagale  itself  frutti  the  rimt  of  tbc  flnrta  tn  Ibe  plati'  wbere  the  [iuIbc 
M  t8l(«D.  this  timv  mu»l  be  »ublract(rd.  It  i»  th?n  found  that  the  elevation  on 
uur  cardioKTBm  df^isiiatml  f  eitrnwpoiids  to  a  similnr  mound  un  the  intracanlial 
prrmiir(>  i-urrc  iVig.  M.  r'>,  and  nirrcw ponds  exactly  willi  the  well-known  dit-rotio 
t-lcTsiion  of  ihc  putar  «>urTc.    Ttiitt.  a«  we  inball  «f^  later,  is  intimately  comiocti^ 
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Pw.  (XL — CurvtM  ul   Uie  >twx.  bottl   (luwrr  liiu.-)  Mid  ul    IIh-  coruttd   |fuW  lUpiwr    liiM-)  of  luaa, 
■mallBOMMttly  nvoniwl,  nlirr  lUlitrai.     b,  b.  aiul  /,  /,  bk  i:urmpciiidiiix  ^MjirilM. 

with  ihr  rlfiHUtv  of  the  aemilunor  vnlvoft.     On  thiH  ^rround  it  appe-ora  justifiable 
Ut  OMert  that  the  mound  is  pntduced  by  tbc  si  retching  of  the  semilunar  vtUve, 

In  to  dijinjj  we  Jy  no!  wish  to  adsort  that  tho  valves  an?  dofiw]  then  for  tlie 
fir».t:  for  that  lhi.«  evetit  iranspinw  inudi  L>nrliur  is  provwl  hv  o  compnrison 
of  the  prcwnrv  rur\«s  of  the  ventricle  mid  of  the  aorta  (Fig.  58).  It  is  not 
impmlialtli--  thai  ii  i^liorl  litno  after  lln"  n<M>oli.'s-i  elniinre  of  the  valve«,  thoy  are 
^tuidenlv  put  on  the  .-^iretch  by  the  aortic  bliHxl  acting;  under  j?n'at  pn?itfiire, 
and  that  they  prrxltice  in  this  way  the  second  t>aund  of  the  h«art.  Thitt  much 
i*  (*rlnin,  thai  Ihe  i^erond  ^ound  cannot  lK'.sio  Ix'fore  the  I'losnn-  of  the  somt- 
lunar  ralre^  (nhortlv  after  the  lieginnin^  of  the  descending  limb  nf  the  eardio- 
fT«in)  and  not  later  than  the  mound  /. 

On  a  tvpirni  cardiogram  we  can  make,  therefore,  n  definitn  tletennination 
of  the  follnvin;!  points:  auricular  systole.  U'pinntn;;  of  the  rentrictilar  s^fitfllo; 
b,  nponio^  of  ihf  semilunar  valves,  ticginning  of  relaxation;  f.  i^trctching  of 
•emilimar  valves. 
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§6.    TIME  RELATIONS  OF  THE  CARDIAC  EVEHTS 

The  duration  of  the  auricular  systole  is  very  short.  In  man,  as  in  the 
horse  and  dog,  it  may  amount  to  0.1  second. 

The  duration  of  the  ventricular  systole  shows  but  slight  variations,  not- 
withstanding considerable  differences  in  the  pulse  frequency.  Thus  in  varia-  ■ 
tions  between  32  and  124  beats  per  minute  the  time  occupied  by  the  systole 
varies  only  between  0.382  and  0.190  second  (man).  In  animals  also  where 
the  pulse  frequency  is  made  to  vary  between  wide  limits  by  stimulation  of  the 
inhibitory  and  accelerator  nerves  (cf.  §  11)  the  systolic  time  varies  only  a 
little,  whereas  the  diastolic  time  presents  considerable  variations.  We  may 
say  therefore  that  the  variations  of  pulse  frequency  in  the  same  individual 
as  well  as  in  different  individuals  of  the  same  genus  are  due  in  the  main  to 
variations  in  the  length  of  diastole.  On  the  average  the  length  of  ventricular 
diastole  in  man  may  be  estimated  at  about  0.4  second. 

g  7.    FILLING  OF  THE  HEART  IN  DIASTOLE 

The  most  important  factor  in  the  filling  of  the  heart  during  diastole  is 
the  impetus  which  the  heart  has  given  the  blood  in  systole.  But  since  the 
blood  meets  with  great  resistance  in  its  passage  through  the  vessels,  the 
residual  driving  power  is  relatively  small,  and  the  accessory  mechanisms  play 
an  important  part. 

One  important  mechanism  is  the  suction  of  the  thoracic  cavity  (ef.  Chapter 
IX).  Almost  the  entire  air  pressure  takes  effect  on  the  great  veins  outside 
the  thorax.  A  small  part  of  it  of  course  is  borne  by  the  skin,  etc. ;  but  it 
may  be  assumed  as  certain  that  the  air  pressure  on  the  extrathoraeic  veins  is 
greater  than  the  pressure  which  is  exerted  on  the  organs  inside  the  thorax  by 
the  lungs.  Consequently  in  the  static  position  of  the  thorax  the  intrathoracic 
veins  and  the  heart  are  to  a  certain  e.\tent  expanded. 

In  expiration  the  negative  pressure  inside  the  thorax  decreases  and  both 
the  intrathoracic  veins  and  tlie  auricles  become  less  distended;  hence  the 
return  fiow  of  the  blood  into  the  thorax  becomes  more  difficult.  Quite  other- 
wise is  it  with  inspiration.  The  intrathoracic  pressure  decreases  in  direct 
proportion  to  the  depth  of  inspiration  and  to  the  degree  of  expansion  of  the 
lungs;  and  since  this  decrease  of  ])ressure  is  continuous  throughout  the  entire 
act  of  inspiration,  a  continuous  expansion  of  the  intrathoracic  veins  and  of 
till-  auricles  must  result,  and  therefore  a  direct  suction  of  the  blood  from  the 
veins  to  tlio  heart  iinist  take  place.  Under  certain  circumstances  this  suction 
is  fult  even  bv  the  farthest  veins. 

The  n-fiirn  How  of  the  Mood  is  favore<l  likewise  by  a  static  inspiratory 
position  of  the  chest  wall;  but  in  this  instance  direct  suction  cannot  result, 
because  this  would  prrsiippo-;e  Unit  Uic  auricles  :ire  being  continually  ex- 
pandcil  by  I'xfraneous  forces,  which  is  not  the  case  unless  the  chest  wall  is 
actually  movinfj. 

If  tlie  air  jiressurc  inside  the  chest  be  raiseil  siifliciently  the  return  flow  of 
the  blood  to  the  heart  is  liindered ;  the  tirculafion  stops,  and  death  may 
result,  if  the  abnormal  increase  in  pressure  in  the  thorax  is  too  long  continued. 
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Furtlrermore.  the  heart  in  its  own  Kysti»It.'  exercises  a  favorable  influence 
on  the  rotam  flow  of  the  blood.  iJurinjj  «y*toIo  the  volume  of  the  ventriclM 
is  diminishol  liy  extieily  tlie  volnnip  of  the  blood  drivi'n  mil.  'I'bii!  blood  is 
partly  taken  up  by  the  intrathoracic  arlerie*  and  the  puliiiouary  vessels,  but 
part  of  il  leavw  the  thorax.  The  conpieiiuenpe  is  that  the  content  of  the 
thorax  i»  tiinaller.  Thit<  in  its  (urn  produces  a  :«uction  in  the  thoracic  cavity 
which  acts  either  to  draw  air  into  the  htngs  through  the  open  g]otti»i  (cardio- 
pmntmatif  ntov/'mfnt),  or  to  pniducp  a  .sinking  of  the  chest  wnll.  or  linally 
to  expand  tlie  intra tliorucic  veins  M-lK'n;f)y  bliwuJ  is  drawn  into  them. 

Finally,  it  ha«  iievn  denwuistratiHi  that  the  titart  exercises  a  suction  od  Iho 
blood  in  pasRing  into  diastole.  By  raenns  of  a  minimum  valve  Oolt7  and 
Qsule  and  othen*  have  olfM^nwl  in  the  open  thorax  of  a  dog  a  negative  prewure 
of  lilO-;t2o  mm.  of  water  in  the  left  ventricle.  10-2.1  nun.  of  water  in  the 
right  ventricle.  L'nder  llie  Rume  eirfumstance!*  (open  thorax)  a  negalivo 
preMura  ctJi  be  demotutrated  in  the  auricles  (De  Jager  et  ni.). 

One  8ucp«.*d»  however  in  deroouKtmliiitt  Buch  a  suction  only  with  a  rijior- 
oiicljr  ariiTH  hcnrl.  Tf  ihe  heart  movement  is  wcflk  and  if  ihc  Henri  dnea  not 
nnpiy  iui'If  w^'ll  whim  it  contracta,  the  auction  effect  ii*  coiisifUTtibly  iliminished. 
What  tho  forc««  are  which  bring  about  this  auction  ir  not  fullj^  ex|ilnin«>d. 

Kiic«»ive  filling  of  the  left  ventricle  is  prevented  by  its  thick  wall.  In 
the  right  ventricle  the  wall  is  too  thin  to  present  snfticient  resistance  againitt 
a  *cr>'  powerful  (low  of  blood,  but  ihc  danger  of  ovcrdifitcntion  w  prevented 
in  part  at  b-AKt  liy  ihe  fact  that  muscular  cords  are  stretched  aci-oas  the  cavity 
of  the  right  ventricle  at  different  level*. 

Mnreiwer  the  perieanJium  plays  an  important  role,  as  appears  from  the  fol* 
luwinif  auiouK  other  ubfHrrrutious:  a  cut's  heart  held  V2  cc.  when  tbv  |H>ricardium 
wu  uninjured,  when  the  peric-ardiuni  wait  punctunnl  11  rr.  mure  could  still  be 
drivon  into  the  heart  (chiefly  the  right  auricle  and  rig^ht  ventricle)  with  (he 
utn*  pmwtire.  Even  when  twHtiiig  norinftll.v  ihe  heart  diirinp  dia-Molc  protrudes 
thmutrh  a  slit  made  in  thi>  pericardium.  Finally  it  should  be  r^mnrkefl  that  a 
relative  iiisufHcicney  In  the  riKht  ntrio-ventricular  valve  nppearn  afl^r  npeninit 
of  the  pf-riciirdium.  The  cliJi>ure  of  this  valve  is  insured  by  the  auppurt  which 
the  pericardium  affords  to  the  heart  (Barnard). 


gS.    POWER    AMD   WORK   OF   THE   HEART 
A.    POWER 

W«»  have  alrendy  s«een  that  the  left  vcnlricle  in  its  systole  may  eiert  a 
pttsanre  nf  30n  mtn.  tig.  and  more  on  the  blood.  A  weight  of  (his  ^iie  might 
titen  1k'  *aid  In  prOiMi  upon  the  inner  wall  of  the  ventricle.  Nevcrtholcss  it  is 
able  to  contract,  and  its  power  must  he  evprywherc  fsntHcient  to  Imlanee  such  a 
maximal  preMurc.  In  other  wordfi,  iIip  power  of  e^'e^y  square  centimeter  of 
the  internal  surface  of  the  left  wntricle  is  equal  to  the  weight  of  a  column 
of  H;.  1  sq.  cm.  in  aection  and  a^t  high  aa  the  maximal  provure  expressed 
in  tfjnna  of  llg.  If  we  assume  that  the  maximal  prftwure  amount<»  to  200 
nun.  llg.,  the  power  of  the  left  ventricle  for  every  square  ccntiinuter  of  its 
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inner  surface  is  200  mm.  X  100  sq.  mm.  X  13.6 '  =  272  g.  It  is  scarcely 
worth  while  to  give  a  value  for  the  total  power  of  the  left  ventricle,  since  it  is 
not  possible  to  determine  with  any  accuracy  the  area  of  its  internal  aurftee 
during  systole.  In  progressive  contraction  the  residual  power  of  a  muscle 
becomes  smaller  and  smaller.  But  in  the  heart  this  is  compensated  by  the 
fact  that  at  the  same  time  the  internal  surface  of  the  ventricle  is  constantly 
becoming  smaller.   - 

Since  the  maximal  pressure  of  the  right  ventricle  amounts  to  about  30 
mm.  Hg.,  its  power  per  square  centimeter  of  internal  surface  would  be  suffi- 
cient to  balance  40.8  g. 

B.   WORX 

The  work  of  any  chaml)er  of  the  heart  at  each  systole  is  expressed  by  the 
formula  W  ^^  ;)R  +  ^-,  where  p  is  the  weight  of  the  output,  H  is  the  resist- 
ance or  mean  arterial  blood  pressure  maintained  by  it,  v  the  velocity  per 
second  imparted  to  the  blood,  and  g  the  acceleration  of  gravity. 

In  order  to  estimate  the  work  done  hy  the  left  ventricle,  for  example,  we 
must  determine  the  pressure  and  the  velocity  of  the  blood  in  the  aorta,  as  well 
as  the  mass  of  blood  driven  out  at  each  systole.  In  the  following  section  we 
shall  go  into  the  subject  of  blond  pressure  and  velocity  in  the  aorta  more 
fully;  here  in  order  to  carry  out  the  calculation,  we  shall  say  in  advance  only 
that  the  mean  pressure  may  be  estimated  at  about  150  mm.  Hg.  and  the 
velocity  at  almut  0.5  m.  per  second. 

We  cannot  say  as  yet  with  any  definiteness  how  great  is  the  quantity  of 
blood  expelled  from  the  human  heart  at  each  systole.  It  is  very  probable  that 
the  pulse  volume  is  somewhere  between  50  and  100  g.  per  beat.  If  we  adopt 
these  values  and  substitute  them  in  the  above  formula,  «'e  obtain  as  the  limits 
of  the  work  necessary  to  force  the  blood  against  the  aortic  pressure :  50  X 
0.150  X  la.fi'  =  102  gram-meters;  100  X  0.150  X  13.6  =  204  g-m. 

The  work  which  it  requires  to  impart  a  velocity  of  0.5  meters  to  the  pulse 

volume  18  accordingly    ■; — —^  =  0.64,  or  -;  -    -  -  =  1.28  g-m.    The  total 

work  of  thf  left  ventricle  in  it.«  systole  would  he  therefore  102.64  to  205.28 
g-m.  We  sec  that  by  far  the  greater  part  of  the  work  of  the  ventricle  is  used 
in  overcoming  the  resistance  in  the  va.-fcular  system  and  that  only  a  very 
small  part  is  necessary  to  give  the  blood  its  mean  velocity.  This  result  is 
perfectly  positive  in  spite  of  the  very  arbitrary  values  used  in  our  calculation, 
for  till'  piilsn  volume  exercises  no  influence  on  the  reciprocal  relation  of  the 
two  factors,  and  even  if  we  estimate  the  speed  in  the  aorta  much  higher,  and 
the  l)!nod  pressure  there  mucli  lower,  the  factor  pR  would  still  be  many  times 

greater  than  the  fiu'tor  ^,— . 

We  have  no  direct  information  as  to  the  quantity  of  blood  expelled  from 
the  right  ventricle  in  it.*  systole.  But  we  may  assuuie  that  its  pulse  volume 
is  the  same  as  that  of  the  loft  ventricle;  for  the  left  ventricle  drives  the 
blo«Hl  tlirougli  the  greater  circulation  to  the  right  auricle,  and  the  right  drives 


'  The  aponfic  gravity  of  mcreuiy. 
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it  through  Ibe  leaser  cin-iilatinn  lo  the  left  auriclp.  Shonld  thi*  1wf>  ventricles 
not  e\p^l  fXactlv  thu  same  (juantily  nf  blood  at  a  pystnlc  or  in  ii  unit  time — 
wo  exw-pt  iKTiilf'iilnl  disturbanws— the  l»lf>o(I  would  t-olloct  s.>m^wluTO  in  the 
vascular  system.  Uiidwr  Iht!  nssumption  that  ilic  mean  pressure  in  the  pul- 
monary urterie^  of  man  in  equal  to  that  of  the  dog.  we  olitaiii  for  the  work  of 
the  ri^rht  ventriolo  \4.iA  to  28.18  ^-m. 

In  eonncetimi  with  tho  subjt-rt  of  ihr  blooit  iiiovt-mMils  in  the-  flrlcrics  we 
flhall  dift(*UM  more  fully  bow  the  work  of  the  hoart  depends  upon  chaiiKCs  in  the 
veMeU  and  upon  their  degn-e  of  futliiesa. 


I 


§  9.    PROPERTIES  OF  HEART  MUSCLE 

A.  THE  HATURE  OF  THE  CARDIAC  COHTRACTIOH 

If  iho  cootrnctiiiii  curve  uf  tin  t-iniJiy  heart  be  nvonbtl  Kniphioalty,  one 
4^b«<rrv«»  nn  unniti-lukMbk*  rc'eiriblonw  lo  mi  ■>p<iiiinr,v  tiiu^cutnr  livitrh  iinxJucccJ 
by  a  »iuf{I«  stimulus.  We  have  in  thv 
action  rurreiii  <if  the  b«-ari  [cf.  puta*  i>^) 
a  tneaiw  of  telling:  ihi.s  infpivnee.  Thift 
li^t  mn  b**  applied  to  the  human  sub- 
ject ■l>»e^  if  lOfminetrical  |miril»  *>f  tin* 
■'«  surfaee  be  conn«?cted  with  a  ga\- 
tnetcT.  fur  the  elocirifiil  eum-nlfi 
pf-nrrnted  by  the  henrt's  nnivity  diffiiw; 
BcconlinfT  to  Ibe  u^ual  laws  thmu4(b'i:nit 
the  enlinr  body  <cf.  Fiir.  63).  Fig.  04 
n-prest'Otii  the  action  eum>nt  of  tlie 
hutiuin  hwirt  a*  n*orded  by  ibi'  exeur- 
MaitM  (if  thf  capillar?  elt^t mnketer.  An 
upward  stroke  nigiiifiw  that  the  bas*  of 
ihr  hiiirt  is  neKtittvo  tu  the  ai^ex.  Tb? 
rctitrieular  sysitole  bcRitin  with  the  iwint 
It ;  ibtn-  foUowA  a  »ei:ulive  8tnike  i^  ( rlu- 
a|>-x  nniD'tivr  tn  ibr-  b»Ao).  and  fintilly. 
afCrr  an  interval,  a  poBJtive  stroke  T 
(baM>  negative  to  apex).  Fmm  thiii 
inirvr  nf  fWtrical  varintionn  we  may 
infer  thtil  thi-  contraction  befrinft  at  the 
Imk- and  |in»r(<<'dn  from  tbtre  lulhr-apex; 

ft>r  a  eenain  time  (a  portion  of  theslrvtcb  from  S  to  T>  the  venlricle  is  eontract»«(l 
in  all  itH  pa^l^.  mi  ihut  ^he  Imsi-  and  the  aiK-x  exhibit  no  difTor<-nee  xf  |M>(i'iiTial. 
The  eontraetinn  cea)«c<i  sooner  at  thr  a|M>x  llian  at  tho  lia»4i< — whirh  in  all  pniba- 
ldlit>  is  duip  lo  the  return  coufM-  of  the  mu^ular  tibc-m  (pflK<^  1C3) — and  iho 
baM)  become*  onc«  more  neiralive  to  the  a\vpx.  Tbi*  int<>rTnl  of  time  between 
the  bciftnniue  U  and  tbtf  end  T  \*  about  0.33  seeonii.  wbicb  corresponds  fairly 
w»-H  ro  (h>'  rhiration  of  a  ventricidnr  systole. 


Km.  t>a.— Scli*m&iic  n^pri-sn-niation  til  r-Kria- 
liuiu  or  <-ln-lrii>Hl  piiiiniiinl  usuviitti-il 
with  I)m'  \»a\  ttl  thp  hiitiiMii  )ii-«r1,  Hivil 
Diirir  (liatnbiilJDn  tn  llip  IxhIv,  nfirr 
Walkr. 


From  all  Ihi^  it  appeaiv  that  the  ventricular  j«ystnle  i*  comparable  vith 
A  simple  muscular  I'ontrartion  and  caniiot  be  regarded  as  a  sammated  con- 
tnctiuQ  ((.'f.  Chapter  XV). 
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Before  the  electrical  variations  corresponding  to  the  ventricular  systole 
a  email  diaphasic  action  current  is  to  he  observed  (Fig.  64,  PQ),  which  is 
probably  caused  by  the  auricular  contraction.  This  lasts  only  about  0.13 
second  (Einthoven). 


B.  inrnuTioN  of  the  heart 

The  heart  gets  its  blood  supply  through  its  coronary  arteriet,  for  distribu- 
tion of  which  the  text-books  of  anatomy  should  be  consulted.  Here  it  should 
be  recalled  only  that  th^  do  not  anastomose  with  each  other,  and  are  therefore 
terminal  arteries.  Besides,  the  heart  wall  obtains  blood  from  the  heart  cavities 
through  the  veins  of  Thehesiua,  which  are  in  connection  with  the  coronary  ves- 
sels (arteries  and  veins)  by  means  of  capillaries,  and  with  the  veins  by  means 
of  somewhat  larger  vessels.  The  capillary  network  of  the  heart  is  very  close, 
and  besides  this,  the  smallest  vessels  proceed  directly  from  relatively  large  stems. 
In  those  places  where  several  muscle  fibers  unitfi,  spiral  vessels  are  found  which 

seem  adapted  to  maintain 
the  blood  supply  when  the 
fibers  shift  their  position 
and  change  their  form 
(Heynemann). 

The  following  is  to  be 
observed  with  regard  to  the 
behavior  of  the  blood  flow 
through  the  coronary  vessels 
in  different  phases  of  the 
heart's  activity.  In  diastole 
of  the  ventricle  the  vessels 
of  the  heart  wall  are  open, 
and  offer  no  hindrance  to 
the  blood  stream.  When  the  ventricles  contract  they  must  sooner  or  later 
exert  such  a  pressure  on  the  capillaries  of  the  heart  wall  that  the  blood  flow 
in  them  is  interrupted  for  a  time,  and  is  only  resumed  at  the  beginning  of 
relaxation.  By  this  compression  of  the  coronary  vessels,  blood  is  driven  out 
into  the  right  auricle.  It  is  found  in  fact  that  the  quantity  of  blood  flowing 
in  the  coronary  vein.*  increaifos  during  systole.  The  evacuation  of  the  coronary 
veins  thus  brought  about  has  the  effect  of  diminishing  the  resistance  to  the 
hlood.  so  that  at  the  next  relaxation  they  are  filled  more  easilv. 

This  variation  in  the  caliber  of  it.s  vessels  produced  by  the  movements 
of  the  heart — to  which  is  to  be  added  possibly  a  dijatation  of  the  arteries 
taking  place  at  the  beginning  of  systole — causes  a  greater  quantity  of  blood 
to  flow  through  the  coronary  vessels  of  a  beating  heart  than  of  a  quiescent 
one,  the  quantity  being  in  direct  proportion  to  the  force  and  frequency  of 
the  heart  beat  ( Porter,  Langendorff).  On  the  other  hand  the  volume  of  blood 
flow  in  a  heart  suffering  from  loss  of  coordination  of  its  mnscte  fibera  may 
be  even  greater  than  in  a  normally  beating  heart,  which  is  probably  due  to 
the  fact  that  no  compression  of  the  coronary  vessels  now  takes  place,  while 
the  waving  movements  of  the  caidiac  mnsele  fibers  facilitates  the  passage  of 
the  blood  by  a  »  "  uigendorfE) .    The  quantity  of  blood 


Pio.  64. — Schematic  representation  of  the  action  current 
of  the  human  heart,  after  Einthoven. 
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Ltlimn;rh  tho  lienrt  is  diminUhod  by  a  xpeater  intirnnl  pr««ur<>  and 
|UfUt  (lisieiition  of  the  liwirt,  even  wlwn  it  is  lieulin^'  (Hycle). 
The  flow  of  blood  from  the  corongry  veiiw  i«  temporarily  hmdered  by  the 
contruciiftu  of  the  rijiht  imrirlc.  sinct'  at  this  tinio  the  mouth  of  tho  common 
fiiuUH  ifi  uarmwi'd — nti  cffw-t  whifh  is  aidwl  also  Ity  tlip  valvr  of  Thchcitius. 
But  Ihtf  iHime  t«mporary  stopjiage  tends  to  favor  ddatatioo  of  ihe  Ut-art  wall, 
ibereby  ttiakiu((  the  auriculnr  systole  that  much  e-asior.  \\]wn  the  auricles 
relax  the  coronary  veins  empty  themwlv(%<  a^ain.  ami  the  elaitticitT  of  the 
Hvfmtricutar  wall,  which  i»  ini(»f>rt«nt  for  the  prompt  closure  of  the  atrio- 
VveuLrii-ular   valves,  can   the   uion-   n-iulilv   assert   itself    (v.   Vint-«eh|;aii.  cf. 

^■^      Sinre  the  coroiiari*  arteries  do  not  anajilnmoBC  with  one  another,  ligation 
of  one  of  itj*  bmnchert  deprive*  the  eorresporidinjr  part  u(  the  lienrl  wall  of  its 

Ihlooil  »upply.  and  a  couffulution  nocrtifif  tlic?n  inako!  it;;  ajipe-aranee.  \u  such 
a  r»*nion  tlu"  powff  of  contraction  is  retained  however  for  at  least  eleven  hours; 
■Dfl  in  animals  which  snrvived  well  the  operation  of  tying  off  a  large  arterial 
hrauch,  the  frnpiency  and  rliyllun  of  the  heart  iK-als  iitid  the  heart  stjundti 
wen-  normal  thrfuighoul  for  ililrty-i-ix  to  lifty-fnur  hours  afterwards  (  Raum- 
garlen).    Small  n^tricted  ana'mias  were  in  ^iiernl  well  home. 

It   id  evident    (hat   the  heart   uiUM.'le  niu^it  eventually  die,   if  one  of  the 
[Jarger  branches  of  the  conmary  arteries  lieoome^  inipa.'«sable.     What  i*  diffi- 
[cult  to  explain  however  is  the  cireuniiitanee  that  the  coordination  of  the  cardiac 
tiiuscle  tiln'r',  upon  ligation  of  a  large  arterial  branch,  ci-asr-x  filnxMl   iiiiTn<>- 
(diaiely   (within  one  hundn!<]  to  one  hundreil  and  twenty  liecnncU)  and  the 
hmrt    falls   into  fibriUari/   ronfrar/iW*.     The  <>nme  thing  happens  even   if 
[tlu*  ligature  i>^  IiKHM-d  Itefure  the  inception  of  tlic?*'  disturbances   fCobnbeim 
land   T.   Sibulllii-^-ItecbbiTg),      Since,   however,  one  often    miH-ts   with   taat'i 
rhen>  such  sudden  disturbance  of  the  heart's  activity  ihH's  not  follow  ^top[wge 
^«f  it*  blomi  supply,  it  has  been  assumed  hy  many  Ihal  thi«  is  Iracealile  to 
injury  to  the  ventrictdar  wall.     Porter  on  the  contrary  ha^t  shown  that 
llary  contractions  npjM-ar  if  the  blood  ttow  in  an  artery  i^  stopgied  in  .«ueh 
a  iray  that  no  [Kwwible  injury  to  the  ventricular  wall  can  occur,  and  taki^s 

IUh>  view  therefore  that  iiueh  contractions  are  caused  by  scanty  nourishment 
to  the  linirt  muscle.  That  tlun'  do  not  appivr  in  the  heart  at  dtiilh  from  all 
manner  of  cau^^,  hi- explains  by  saying  lluil  tin-  In-art  is  seij-etl  with  fibrillary 
ronlrartioHD  only  in  ca^'  it  ii*  working  agniiiJ^l  great  ns^itsdun-e  when  the  dis- 
lurliantv  to  it«  nouriKhment  oceurs.  When  the  rettislanue  in  not  great  (and 
M  dimini-ihing  grnduidly)  the  contractility  of  the  heart  muscle  deereiffes  filead- 
ily.  but  gmiluullv.  and  when  linnlly  the  heart  i!i>mw  to  a  standstill  the  residual 
(f-nlrwlility  rt-nialning  in  it  is  no  longer  sutlicient  to  pr*Kluce  well-dcllned 
librillary  contractions.  Whcilier  Ihii^  explanation  is  correct  in  all  points  can- 
not bn  deiiniiety  ducided  at  thin  lime. 
The  heart  mtiHcIe  can  get  its  nouri^tliment  not  only  through  the  coronary 
•rtrrir«  hut  aUo  thrauffh  the  i-rtrui  nf  Thrhfitius,  From  obtMervatiuns  on  vxtir- 
p«l«d  h<'ans,  it  1)1  w«>ii  llittt  thf  food  which  can  bo  supplied  by  llii^c  tcsacU  ia 
RlScicnt  Ut  matiitniii  rh^'thmiml  cnntmctii'iin  fur  a  coiiKidcrAble  lime.  The 
u  truv  of  artificial  perfu»ion  through  the  coronaT7  veins  (Frait). 
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II  han  Innjr  ln^n  I<ntiwn  th«)  Uy  artiflrially  Bupplyinf?  Wood  to  the  «rtir- 
patiil  liearl  of  i-nJii-lil.HHjL-d  aimiials,  at-tivily  can  be  mainlained  for  a  cod- 
siileralilo  time   (Ludwig).     hatcT  Nowi*]!    Martin   aii<i    Jjangendnrff   accom-j 
pli^hed  till!  winie  lliinp  with  the  ht'firt  of  warm-bloodcti  oninialp.      For  thts' 
purpON-  blood  Is  led  into  (he  tiorta  by  meon-S  of  a  cnniiula  tietl    in   it  and 
dircctr^  Inward  the  hi'iirt.     n''ctuisfi  lhe  scmiliinar  valvos  are  clnscd  hy  thftj 
prfcwurv  fmrn  tlit*  cannula,  \\w  bliwul  liows  Ihrougli  tlie  cnronary  vwiseU  tc 
the  right  auricle,  whence  it  in  allowed  to  escape.    Numorous  obeerTatirtnA  hava] 
bei'n  mado  on  such  |ircparation?  at*  to  the  way  a  htflrt  works  under  ilifTi'n'iitl 
conditions  when  spjmriittM  frt'm  the  cenlral   irtvouh  M'(-lem  and   from  thoT 
blood  vcssi'ls :  arid  us  to  thp  nffoct  which  various  agent»s  exercise  on  the  p«- 
foniiaiicf  of  the  brnrt. 

llowi^ver  it  i*  not  necessary  to  use  blood  as  the  nutrient  fluid  in  ordor  to 
kit'p  the  heart  iMjatiiij;.  for  several  hfiurii  al  Itfast :  for  l>oth  in  rold-bliMMb-d^B 
(ttiiilft-r)  and  iti  wurm-bhMidirtl  iitiitiiHls  (Ijrxrkc)  a  solution  of  certain  innr-^l 
ganie  salts  has  bci-n  found  sullVienl  (d.I  por  rent  N'hHCO,,  (U  ppr<*nt  Can,. 
0.tJ7.*  per  cent  KCl.  i'i;:hl  per  cent  Na(.'l).  For  ibe  warni-l)hioried  hnart  the 
fluid  nnii>t  bi'  stvluralLiJ  with  cwygen.  liy  addition  of  a  -.mall  quautity  of 
dfvlrosi-  also  this  nrtifieia!  semm  U  still  more  effective. 

The  9i>;iiilieaiK-e  of  the.«e  i<itb^lunces  has  been  di^u.«sed  already  at  page  25^ 
Here  it  may  be  added  only  that  the  favorable  action  of  the  NalICO,  mi^h| 
be  dup  to  the  CO,,  for  with  a  sntlicient  KUfi|vIy  of  oxygen,  earlion  dioxide' 
Bt'liiiilly  increases  tjie  ener;;y  nf  lh(>  isolati^t  frog's  heurt  ((iiitbliu). 

The  great  tenitrUij  of  life  exhibited  by  the  cxscfted  lieart  ia  truly  remark- 
aide.     By  [Lrtifu'ial    perfndon   with    the  above- men tioneil  solution    {and  tl<!X-^_ 
troee).   Kulluliko  obtained  well-marked  eontractiont>  of  the  mtire  heart   o^H 
the  raljiiit  five  diiys  after  the  drttth  of  the  animal.      Ue  also  sucrped«?i]   in 
coinplfli'ly  reviving  tin-  lit-Hrt  of  a  fcuir-y ear-old  boy  who  bat!  dftil  of  pnt-u- 
luontu  duplex  and  ca1arrhu«  inteittinaliK,  twenty  hours  after  death. 


i 


MoreoviT  the  tenacity  of  life  in  tbe  different  pnrtimiH  of  the  heart  is  ve 
different.  When  the  heart  h  dyiiiK,  the  left  ventriele  stops  first,  then  tbe  ripht,' 
but  the  aurit-b'S  c-ontinuc  tii  In-at  ff>r  n  considerably  Innjter  time.  Finally  the 
I)uUatioii8  of  lhe  left  auricle  cease  and  ]a»1  of  all  those  of  tbe  nifht.  Evou  then 
the  fontraclinns  of  lht>  Krol  vi-inx  alwa^ti  ti**  on  tor  a  time,  and  only  when  tbcM: 
have  ceased  i»  the  beurt  entirely*  dfad. 

Whan  the  oxygen  supply  to  the  heart  if  eu(  off  (he  heart  I>pat«  become  It 
and  less  frerpient  ax  asphyxiation  coriiCK  on,  and  other  changes  make  thei( 
apiH-aranee  which  cannot  be  di-icu**ed  here.     TTowpver  it  should  be  ohaervi 
that  the  Jieart,  csiteeially  of  cold-blooded  animals,  has  great  power  of  rosbit 
anre  against  oxygen  hunger  (ef,  pagf  W). 


I 


C   THE  BEHAVIOR  OF   HEART  MCSCLE  UNDER  DIRECT  STIMtJLATION 

If  the  heart   mu.'^'le  be  .stimulated  with   induction   rurrents  of  different 
strength,  either  it  does  not  contract  at  all.  or  if  contract*  to  its  utmost  cxtenL^ 
(Bowdiich).    The  resjKinw  of  the  heart  mu«clo  therefore  is  alwap  maximi 
while  the  contraction  of  akelelat  muscle  is  great  or  small  according  tc 
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fstmifnli  of  ilic  stirrmhiH.    Thi(*  tart  ii^  often  refcrrc^l  1o  an  tin"  "  all  or  none'' 
liiw  (if  I'Mniim-  »iiiiiriii-linn.    Tin-  e■rll^tal•flln  luiirl   (lobsttr)  tonus  tin  fxi*p- 
I  liun  tu  thi»  rule,  amw  it  beliaves  Lo  gtiinuU  of  differvot  ^IrcDgth  (fxac'U,v  llkfj 
tskelplal  muscle. 

Aiiolhcr  pec-uIiaritT  of  lieurt  muscle  is  thai  in  both  rold-blondcd  animnU 

j-and  In  Mamnialia  it  id  inexcitaWi-  dtirinp  its  ctmlraclion  up  to  the  masiiuuiu 

'of  [ihorleriing — i.e..  all  stimuli  whifli  fall  upon  it  ilurinji;  tins  {"  rrfrarlnri/ ") 

period  are  entirely  williouti'CAffrt^'MiKivg).    Only  after  llir  maxinium  i^tiitrt- 

Miitij;  )ita  Uvn  reachrd  does  tlie  heart   itiuwie  Itccnme  oxeitaMo  ajfain.     A 

l^ttiniulus  applied  thru  calls*  forth  an  rj-ira  amtnu-i'mn.  whicli  is  jrreali.*r  the 

Iter  in  diovtole  it  falU.     After  Ihi.-^  extra  contnictinn  a  Innt'or  ("  rowiprrrwi- 

I  ")  pause  usunJtv  oecors,  and  the  first  ofititraction  fcillnwirii-  ilw  pat];!ic  is 


1(>.  6S.  — t'irwl  ilimiilAttnA  of  lliv  tMkfaleil  hf*r\  n\  \iw  r»l  u-hilr  iM-ntitic  >(lrf  I jtii|-rit(li)rn 
(to  \m  frtu\  (rriiii  Wl  lo  ri|(hl ;  ■vNlnlp  n-prwM^t**!  by  (hp  •laiwnwiinl  Htrnk*)  Sliinulntimi 
■1  ilir  tH^nnioC  of  xyKtotc  ia)  firoduccn  no  ^ITccl,  Htiniulktinn  al  any  limr  <turin)t  ilianlule 
(fc>  Bivn"  «ii  ••mint  c«iiiif»rtii»«i.  rollowinic  t\i»  nrv  •wii  llir  cutnpciiauior)'  pituac  Mid  con- 
itiirrstilr  au^ienintion  in  llif  etrMigth  of  ihr  ne\l  syntole. 


Jerahlv  aagmented.     The  Binallfr  the  extra  contraction,  the  Innprr  is 
Ihc  siil»*«)Ht'nt  pau!<e  and  nVf  verxn.    After  mch  an  ipterference  in  the  regu- 
rhrthm  of  the  beaitA.  there  is  therefore  a  compcn.'Wtion  hy  n-hich  both  the 
IQcnev  and   the  auiouut  of  work  done  by  the  heart  arc  amwrvisl    (cf. 
Tig.  65)'. 

The  Pompen^atory  pati.<^!  appears  only  in  thosp  portions  of  tho  heart  which 
ibnat  in  roiiscquenoe  of  a  i«timuhig  c^ommunicRied  lo  them  from  other  porlinne; 
U  not  seen  thfirrfor^  in  a  tracini;  from  the  vcnoua  Riniia  nf  the  froft.  In 
pxplanation  M  rhi»  diffeniK-c  it  i»  sup]Kittcd  that  the  exi^itetion  of  the  rcnou» 
rpinos  U  eontinuouti,  but  that  it  Kends  a  diHconlinnoUH  stimulus  to  the  other 
of  the  heart.  When  an  extra  eontraetion  has  bt^n  induced  in  the 
one  of  ihew  rpgriilnr  di.'vontinnoiw  .<)titnnli  from  ihi-  waouA  sinns  would 
■I  a  limp  when  the  venlriole  \*  refractory,  hoin^e  would  prodnee  no  effivt, 
JThp  rpntricle  m»*t  (horeforo  wiiit  until  thf  next  n-^lar  slimnhi:*.  and  ihlift  we 
\fv^  lh«'  compen*ator>-  pause.  It  i«  quite  diffcn-iit  with  the  frinus:  a»  wxm  aa 
Lth*T  extra  eontractinn  has  reached  i(^  maximum,  the  cnntitaiit  »limulu!>  ajiain 
|b«eo4nf«  efff^tive  and  produces  the  next  aystole  without  an  tnterreninit  pauftc. 

Thr  iiiahilttT  «f  th*-  heart  mn.-scle  to  receive  rtlimiili  which  fall  on  it  during 
>lo,  i«  the  THmn  vhy  with  rapidly  repeated  shocks  >1  atnnoi  bf  thrown 
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inio  an  actual  tetanus,  like  skeletal  muscles.  Sinre  all  the  stimiili  whirh 
fall  during  systole  are  entirely  inetfettivf,  tliere  L'aii  bo  uo  8UpcrjK>silion  and 
summation  of  effects. 

Tliis  rule  is  not  strictly  ft-ithout  exception,  however.  By  MmiiltJuirouA 
stimulation  of  the  vagu«  and  the  \'<yious  sinuK  0.  Frank  wa«  able  to  deinon- 
strati-  ft  condition  of  tetanus  in  the  frog's  heart:  Wallhcr  ob»er\-ed  the  same 
thing  on  etininlation  of  a  frogV  heart  poisoned  with  muscarine.  In  the 
latter  case  the  rffradori/  period  of  the  haarl  ic  tihnrteni*d  att  a  result  of 
poi-<on.  and  the  harrier  to  the  production  of  tetanus  ijt  thereby  removed. 

JIany  other  discnveric!*  have  been  made  on  the  ex-iectiHl  lieart  concerningl 


Flo.  66 — Influence  of  liinpemlut*  on  ihe  iaolutod  heart  of  the  cut,   after  (.Aag^DtlorfT.     Tfc 
liMirt  wiu  *uppli(N]  witb  blood  iMpt  ai  the  different  tnmpcmlunM  indicmtml. 

the  prnpertios  of  heart  mu^Ie.  but  they  cannot  be  discussed  here.    Wc  irish 
to  call  attention  only  to  the  following  pt?culiarilic«: 

(1)  The  fre()uency  of  the  heart  ticat  innM  direcHy  with  the  iemftfralut 
— i.e.,  the  higher  the  temperature  the  grcater  the  frequency,  the  lower  Ihl 
temperature  the  less  the  frequency.  Thus  at  40°  C.  it  is  four  times  as  grcal 
as  at  15*  C.  With  a  fall  in  the  frequency,  the  extent  of  contraction  increaMs] 
up  to  a  certain  limit,  and  at  the  same  time  the  shortening  becomes  slowe 
and  more  tlrawu  out  (Fig.  66). 

(8)  The  quantity  of  blood  which  the  left  ventricle  discharges  at  each 
systole  depends  upon  the  quantity  of  flow  from  the  great  veins:  the  greater 
the  inflow  the  greater  the  amount  discharged,  but  the  latter  increases  more 
fiiowly  than  the  former. 

(3)  Tlie  quantity  of  blood  flowing  through  the  coronary  TcsseLs  exercises 
but  little  influence  upon  the  frequency,  although  it  is  of  great  importance  for 
the  force  of  the  heart  beat. 

(4)  If  the  heart  has  no  work  to  do  it  has  need  of  only  a  Tory  small  ([i 
tity  of  blood. 
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flO.    THE  CAUSE  OF  THE  RHYTHMICAL  ACTIVITY  OF  THE 

HEART 

In  wArni-blnoded  animals  direct  nerve  fibers  to  the  auricles  M  well  ae  to 
tho  right  and  k'Tl  poronarj*  plexuses,  comp  from  th*^  two  divtainns  of  the 

tciirdiac  plexus,  which  in  turn  is  formed   by  brandies  from  the  vagus  and 
•>'n)pat)tetic.    l^c  threadA  of  this  network  are  provided  with  nnmerou!)  gan- 
glta.  and  the  fibers  radiating  (o  the  auricle  and  venlrivie  from  the  network 
are  aIm>  interfpc-rsed  with  ^mall  ganglia. 
^^       In  tht'  henn  itw!f  gunglion  celh  have  1>een  found  in  the  following  places: 
"in  the  aiirifles  orouml  Ww  opening  of  (he  gr*>a(  veins,  along  the  p(?riphcry  of 
the  M'ptimi.  and.  though  in  smaller  number,  iti  the  outer  wall;  in  .the  atrio* 
ventricular  groove,  especially  in  the  region  of  the  aorta  and  pulmonary  artery 
Bt  the  level  of  the  semilunar  valves ;  and  in  the  uppermost  part  of  the  ventricle. 
Fine  nervotu  Det«  supply  ail  abundance  of  nerve  6ber9  to  all  parl^n  of  the 


I" 
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As  apiMfan  from  wlut  liaK  tieen  .said  concerning  expected  hearts,  this  o^an 
poowiat  t  the  property  of  acting  quite  intirpendrnHij  «)/  thr  central  nervous 
^yalein.  In  order  to  determine  the  cam«  of  this  peculiarity  we  have  to  inves- 
tiffat«  flmt  the  hehanor  of  the  separate  divisions  when  they  are  Uolaled  from 
the  wboh?  heart  In  thin  we  shall  coiK-iidcr  chiefly  the  phenomena  a|it>i'aring 
in  the  Uaninialnui  heart,  b(<cause  a  detailed  diMrussioii  of  those  obsL-rved  in 
the  hnertff  of  eold-blooded  animals  would  call  for  entirely  too  mxii-h  space. 

By  introducing  into  the  auricle  a  xmall  in>ttrunu-nt  provideil  with  eur\'ed 
|)latc»   ou   [wo  »ideK.  it   ie  possible   to  twver  all   the   nervous  and   mu«cu> 
iar    corimttion*    Mween    the    annelei*    and    ventricles    without     pmducing 
'})iMmirrhag(>.     AfttT  this  optratinn  (he  venlrifte.x  cinuiiiuc  Im  pulsate  wiibout 
temiption. 
In  this  experiment  the  line  of  reparation  can  lie  brought  close  to  the  auricu- 
lar boundary,     ^iiico  now  all  the  nervejt  which  run  to  the  heart  along  the 
■  great  arteriiN  are  atTcrent  in  function  ( Wooldridgi.*).  and  nince  the  re-ulli'  are 
Itu!  Miiir  in  eu^e  the  great  arteries  are  pinched  off  directly  above  the  upper 
edge  of  the  sieniilunar  valves  it  follows  that  the  isolated  portion  of  the  heart, 
^Le.,  tho'  ventricles  and  a  very  itmall  part  of  the  auricteft,  have  within  them- 
^ffptve^  all  the  rondilinoK  ncd-si^nry  fur  rliythmicHl  activity. 

Off  van  go  still  further,  i'orter  hu»  Kuc(«e(led  l)y  means  of  artificial  cir- 
mUtion  through  ihe  coronar}*  arteries  in  maintaining  regular  rhythmical 
cnatrw.'fioDs  in  isolated  pieces  of  the  ventricular  wall,  connected  with  the 
mrt  of  the  heart  onlv  by  the  arterial  branch.  We  can  extend  the  prriposition 
aUlnl  nboic  thi-n-fon*,  ami  say  that  every  jMrtion  of  ihe  ventricular  irall 
poanxrs  nH  the  rvniHtiuns  nerensartj  for  Thifthmical  arlivilif. 

in  these  experiments  one  meoti  with  cases  where  the  rhythm  of  the  aepa- 

rmti^  portion  h  materially  less  than  iltat  of  the  whole  heart  or  that  of  the 

dhrlnotu  rvmaiinng  after  iiwlation  of  the  ventricles.     But  under  normal  cir- 

evnstancea  the  rate  of  the  ventricular  nystole  is  determined  by  the  rhythm 

^■nf  than  parts  of  the  heart  which  inaugurate  the  ayHtole  (the  Tuooua  ostia 

Hof  the  aariclee:  cf.  |mge  16«). 
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It  'is  most  probable  that  we  have  to  do  here  with  a  chemical  stiinuliu  of 
sonic  kind,  which  is  to  be  siiuj;hl  aiiinn^  the  prmliiris  n(  (Ici-oiiifHwition  forttieil 
in  the  activity  of  these  parts.  If  (his  is  so,  it  fuUow»  tliiit  the  inorganic  cob- 
tititueutx  which,  am  iiu-iitionod  atrore,  mmt  be  present  in  an  artificial  tluid  tn 
onler  to  maintain  the  luiirt'a  aetivitv.  ajul  wliieh  oeciir  in  the  blnod.  are  iiol 
to  he  cinisiilt-reil  as  the  real  excitant  of  tlie  heart  beat,  but  merely  as  a 
condition. 

Sinee  the  jilnieture  of  caidiac  muwle  agrees  ei>setitially  with  that  of  skcl- 
etul  mu«-le.  and  the  latter  is  set  in  action  normally  only  under  the  influence 
of  a  MiniidiH  cnmimitiirfllcd  to  it  from  ihe  central  nennur*  ?y,-leiii.  it  was 
for  a  loll);  titiie  supposed  ihat  the  rhvtliniical  contractions  of  the  heart  were 
not  eauBcd  by  any  specific  property  of  the  nm^cle  fibers,  but  were  discliarged 
by  intrac^rdiai  gantjlion  cells.  This  view  found  wei^jlily  RiipjHin  in  the  fact 
Hint  thewj  ci'lls  wvre  denionslralvd  in  juft  those  parts  of  tlio  heart  where  the 
Myslotc  Iie^in^.  In  ninre  roceni  limes  various  authors,  nnlably  (tH'^kell  and 
Kngelnmun.  have  advoi-ateJ  ihe  view  that  the  spontaneous  eontraftione  of 
the  heart  are  of  inusciiUr  oripn,  and  are  due  to  a  special  projierty  of  cardiac 
tu  uscfe. 

Tlic  following  facts  aniung  others  have  been  adduced  as  arguments  for  thic 
conccplioii.  Tlie  venous  .sinus  in  the  frog  contains  a  large  colleclion  of  pin- 
glion  et-lls.  known  as  Ueuiak's  ganglion,  which  on  ihv  ganglion  hy|)otlier^is  ha« 
often  bet-'ii  referred  to  as  the  originator  of  the  heart  licat.  Xow  it  has  been 
fount)  that  normal  puli^ations  can  he  started  from  every  other  place  in  the 
sinus  region;  the  sinus  ganglion  in  not.  tliorefore,  absnlutdy  necf^sar)".  In  the 
frog  in  ilie  miniial  eoiirne  of  events,  t'le  contractinti  waves  pmbably  proceed 
uiit  from  the  »iiiu»  but  from  the  gruul  veins.  The!«  pulsate  Kpoutane^nt^ly 
if  they  are  isolated  enlirdy  from  Uie  rest  of  the  heart,  even  if  the  istolated 
porliim  ciuilains  no  ^'ariglion  ci'lld.  The  same  it;  tnie  of  the  bulbus  arteriuiin^ 
of  ihe  frog's  liearl.  in  which  no  ganglion  i-elU  are  present.  Moreover  in  the 
heart  of  the  higher  invertebrales.  and  in  the  spontaneously  rontraclile  vcinsi 
of  the  bat's  wing,  notwitlistanding  diligent  search,  no  ganglion  coIU  have 
l)een  found.  Affair  tin.'  (-ndiryoiiic-  hoart  of  innniinaU  U-atn  in  a  perft-ctly 
cluirarierisiic  manner  at  a  time  when  no  nen*c  or  muscle  cells  have  yet  been 
differentiated. 

All  tlicse  and  still  other  eiroumstance^:  go  to  t^how  that  a  rhythmical,  anto* 
matie  activity  of  eontrnctile  tissue  can  lie  broiijiht  abonl  without  the  imrtii-i- 
paliim  of  jjanglion  <vlU ;  and  it  is,  therefnre.  possible  that  the  automatism  of 
ilu-  fully  ilevcloiKil  vertebrate  heart  is  of  mu.scular  origin.  The  great  lenacitv 
of  life  of  the  heart  spuaks  i^trongly  for  this  view  also;  for  from  all  that  we 
know  fif  ganglion  cells  elsewhere,  they  perish  in  much  shorter  time  than  i« 
nnjuirrd  for  the  exsecled  heart  to  Iohc  its  power  of  rhythniical  contraction. 

Tlve  fnc-t  that  this  power  is  developed  to  rliffeivnt  dejrre*'*  in  different  pariA 
of  the  heart,  and  that  individual  parts,  like  the  clamped-*iff  apex  of  the  frop'a 
venlricle.  will  never  pulsate  spontaut-ously  under  the  inlluemre  of  the  normal 
stimulus,  iH  explained  according  to  the  muscular  theory  bv  supposing  that 
autnmalism.  originally  common  to  all  the  cardiac  musele  eelU.  ha?  di^wppeanfl 
in  Ihi-  courm*  of  development  from  some  place?,  notably  the  apcx^  hut  remainoi! 
in  otheri!,  notably  the  region  of  the  venous  einus. 
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Tbe  iiumbrr  of  oiithore  who  have  tiikei)  the  a'lilc  of  thiit  liypoihesi^  |ias  cuii* 
stantly  iurn-mu-Hl — o  fa<.-t  not  ilitHcult  to  uiidcrstaiiil  iu  vil'w  of  ihi?  great  liigi< 
pneision  with  which  it  has  been  d(!Telc>p<Hi.  Nevi^rth^-lran  it  ni:ii>eArt4  that  thcr« 
an  nill  tiTtaiu  di5!KcuIiif*i  lo  Ik-  overccimo.  For  example,  thf  quustions;  ho»  it 
trabopi rfv  tiittl  thv  v«.'iin*  cuvii-  ami  Ihe  )iiiliii(iiiar>'  vi-iii^,  iilthoutcb  ncpa rati'd  by  B 
cncuiili-rnblc  disldiice.  nrc  muwd  to  action  niniu]tHnei)U:^l,v:  niul  huw  the  nor- 
tH«)  <«MinJinatioD  of  the  bean  munrlt.  as  well  as  the  diriturboiicfa  nf  thn  aanio^i 
bj-  vli'i.-triciil  Mtiiiiulatioii,  by  ftiui-mia  nnil  by  tnechntkieiil  abtnc  (cf.  {tttd^e  lHS),j 
■n*  broogbt  about  have  not  jet  been  ratisfactorily  auawered. 

Adjt  explanation  of  the  origin  of  the  conlrartion  must  take  account  aim 
of  the  question  as  to  how  tht  exciMion  ix  propagated  tlirough  the  heart, 
whulhcr  through  Ihi*  iimhcnliiturt!  itiiolf  or  ihrmiifh  a  Hit  of  nerve*;  bwauw, 
if  the  nniscular  theory  i>f  the  hywrt  t>eal  is  forret-l,  it  Enllovrs  almosst  of  neces- 
iity  thai  the  prcjiMifraiion  of  the  -itiiiuiluii  i--*  muwular,  and  vire  versa. 

If  thi>  rvniriele  Iw  artificially  fe«l  by  the  coronary  arteries,  and  bn  dtrided 
up  inin  ilifftrrt-nt  imrl*  cnjinertPil  lonelher  liy  tlie  arterial  liraijelit^.  Brnl  joiurtl 
bv  thin  iituscular  bride's,  nit  ilic  [vorlinns  In'til  sytirhroiniiHlr.  no  miiTler  in 
irhal  din-ction  the  cul»  are  made.  After  wetiuii  of  tlie  niiiwular  bridgf.  the 
synrhroni«tn  ^tii\K>  and  each  ptirt  heala  after  it^  own  rhythm,  but  doe;^  not 
sbuw  any  sigxis  of  fluttering  (IVrter). 

Neither  tlie»e  phenonvna  «or  tho  correap<iiidinir  "b«erration*  made  on  tte 
fr»>(f'«  hfurt  an,  howi'vcr,  to  bo  reiiardL-d  as  eonclusive  proof  uf  the  inUKCultiT 
thL-orj'  of  pnipmrntl'^ii.  inasmuch  uh  the  eurdiue  uiudcle  tibcn*  tbeniiM-lves  ure 
mrrrininbd  by  iien'i'^  which  c<iiild  only  be  exchiiled  by  romjili'tp  division  of  the 
last  muscular  bridjtes.  and  mitrht  therefore  cauw  the  synch roniftm. 

Thtt  pa»iiij:p  of  th(>  excitation  from  the  auricles  to  the  venLridiis  once  eon- 
slitQled  «  wrioux  dilT'K-utty  in  the  war  of  a  niu--«cnlar  theory.  It  wa^  !iuppi»sed 
llial  ihe  museuhilure  of  iheiw  two  diviaionit  were  completi'ly  se]Niriit«l.  It  har 
been  "hown.  however,  that  direct  niUMndiir  connections  ari'  iiidis-d  prci^ent 
ItetMCiMi  The  two  (Kent.  Hi:;,  Jr.).  and  the  excitatinii  minhl  ihercfore  piw 
froni  the  auricle  to  the  ventricle  withovit  any  pnrticiiHition  of  nenit*. 

As  mentioned  alwve,  a  certain  time  inlerreiies  Iwtweeu  the  auricular  and 
the  ventricular  systoles.  From  the  standpoint  of  the  jiiinfrtioii  hypothesis  this 
deJay  wmilil  not  Ivo  dirticult  to  explain,  ninci'  we  know  from  many  othLT  ol»- 
aervatinnf  that  ^an^lia  in  freneral  do  itelay  the  propagation  of  inipuUet*.  Itut 
the  mQfirular  theory  also  hn^  been  able  to  olfer  an  explanation  by  itnp]H}sing 
that  the  trauiimietjiion  of  the  motor  xtimulns  takes  place  very  <|uickly  within 
MCh  oeparilo  division  of  the  heart,  while  over  the  oells  which  form  the  oon- 
Dectna»  lictwpon  the  oeparnte  parts,  the  tran»mituion  is  very  slow,  juiit  &£  it 
Ijp^ald.  be  over  smooth  or  embryonic  muscles. 

What  appears  to  disprove  conclusively  the  hypothenis  of  nervnns  propagation, 
and  i*  (herefiire  a  ver>-  n-eiiihty  xupjMtrl  for  the  museuUr  hypothesis,  in  (be  fol- 
lowing.  If  the  auricle  of  a  fniir'n  heart  be  injured  by  a  liRht  pinch,  the  r)i.vihniic 
iStritation  Irnvela  jusi  ait  before  over  the  entire  heart.  But  if  the  va^s  be 
■timulatrd.  «*  long  an  the  inhibitory  notion  lAsts,  the  ordinary  eitcitntion  pi 
Oftfef  up  lo  the  injured  apot  and  slops  there.  If  the  propftfrfttion  were  through  I 
Dvrrou»  niti-hmiium,  we  nbould  ha^'e  to  HUppone  thai  ihn  oondurtivily  i*  tem- 
U 
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porarily  abolished  exactly  at  the  injured  place  (F,  B.  Ilofmann),  which  however 
could  only  be  explained  by  an  action  of  inhibitory  fibers  on  motor  fibers.  Such 
efFeets  are  entirely  unknown  elsewhere  and  are  therefore  extretaely  improbable 
here.  The  phenomenon  presents  no  special  difficulty,  on  the  other  hand,  if  we 
suppose  that  the  transmission  is  purely  muscular,  and  has  been  rendered  im- 
possible  by  the  action  of  the  inhibitory  nerves  on  the  injured  muscle. 

The  synchronism  of  the  two  ventricles  is  not  effected  by  simultaneous  im- 
pulses from  the  auricles,  but  by  their  muscular  or  nervous  connection  with  each 
other.  For  if  the  two  be  separated  from  one  another,  but  be  left  in  connection 
with  their  respective  auricles,  the  synchronism  is  broken  and  each  beata  in  ita 
own  rhythm  (Porter). 

§  11.  THE  EFFERENT  CARDIAC  NERVES 

The  activity  of  the  heart  is  controlled  by  iinijulses  from  the  central  nerroua 
system  brought  to  it  over  tlic  vagus  and  st/tnpatfn'tic  fibers.  Afferent  nerves 
also  pass  to  the  brain  from  the  heart,  and  these  influence  both  the  heart  itself 
and  the  blood  vessels  of  the  general  Kvstcin  rcHexIy.  The  rich  supply  of  nerve 
fibers  to  the  ultimate  muscle  filwrs  of  the  heart  are  the  terminal  branches  of 
these  same  nerves. 

The  importance  of  these  regulatory  influences  can  scarcely  be  overestimated. 
This  ia  well  shown  by  the  following  observations  of  Frit^denthal  on  a  dog,  whose 
extracardiac  nerves  were  all  cut,  the  afferent  fibers  from  the  lungs,  and  the  fibers 
to  the  stomach  and  the  u'sophafnis  being  preserved  on  one  side.  The  animal, 
which  had  survived  the  last  operation  for  more  than  eight  months  and  had  then 
succumbed  tu  acute  strophanthus  poisoning,  showed  in  the  meantime  on  super- 
ficial examination  scarcely  any  abnormality.  The  number  of  heart  beats,  for 
example,  was  not  noticeably  changed.  When,  however,  the  animal  was  required 
to  run,  the  abnonnality  became  very  apparent.  Although  he  had  recovered  his 
original  weight  within  two  months  of  the  ojieration,  he  was  unable  afterwards 
tu  run  half  a  mile.  The  ability  to  do  even  a  moderate  amount  of  work  had 
therefore  Ix-en  lost,  In-t^ause  tlie  mechanism  for  increasing  the  heart  action  was 
wanting. 

A.    THE   niHIBITORY  NERVES 

If  the  vagus  be  cut  in  the  neck  and  its  peripheral  end  be  stimulated  with 
telanizinjr  induction  slKx-ks,  slowing  of  the  hrarl  hmi  or  comphte  diastolic 
stdmhtill.  according  to  the  strength  of  stimulation,  results.  The  vagus  there- 
fore iiitiiliits  tlie  heart  movenients.  We  owe  tliis  important  discovery  to  the 
broiliers.  K.  Jl.  and  i^.  F.  Weber  (1SI5). 

If  i)()lli  vagi  of  im  animal  l»e  cut,  tlie  heart  immediately  lM>ats  faster, 
riuicr  iinniiiil  circuiiistanccs  tlirrefore  a  tonfitniit  reniriimt  h  being  e.xercised 
by  the  central  nervous  system  ii])on  the  lieart.  in  conscHiuence  of  which  it  beats 
more  shnvty  than  it  otiierwise  would. 

Tlie  vagus  inllucnces  not  only  the  fret/iioiri/  of  llie  heart  beats,  but  als50 
tlie  fiirrr.  In  f;ic(  it  nuiy  happen  under  cerlain  circumstances  that  when  the 
viigus  is  stiniiiliiti'd  the  pulse  fiv(|uency  ivmains  entirely  unchanged,  while  the 
.size  i>f  the  contraction  becfunes  coTislanlly  smaller  ( lleidenliain.  Ga-skell). 
Aceonling  to  Muskens,  this  takes  place  in  llie  frog  and  turtle  onlv  in  the 
excised  heart  or  after  luss  of  LIikh].    '1'|»;  heart  relaxes  in  diastole  more  during 
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vague  stimulation  than  otherwise,  but  this  might  be  caused  by  the  longer 
pause,  affording  more  time  for  relaxation  (O.  Frank,  h\  B.  Hofmann). 

The  followinf?  observations  have  been  made  with  regard  to  the  way  in  which 
the  vague  acta  upon  the  different  divisions  of  the  mammalian  heart.  The  inhib- 
iting influence  extends  not  only  to  the  heart  itself,  but  also  to  the  central  veins, 
so  that  their  contractions  may  completely  cease  on  vagus  stimulation  (Knoll). 
With  reference  to  the  auricles  it  is  unanimously  asserted  that  it  is  the  force  of 
contraction  which  is  primarily  diminished,  and  that  it  may  even  happen,  in  spite 
of  a  considerable  decrease  in  the  extent  of  the  contraction,  that  the  rhythm 
remains  entirely  unaltered.  On  the  other  hand,  it  invariably  happens  that  a 
fall  in  frequency  is  accompanied  by  a  reduction  in  the  size  of  the  contraction. 

Results  differ  somewhat  as  to  the  behavior  of  the  ventricles.  It  seems,  how- 
ever, to  be  pretty  certain  that  with  weak  stimulation  where  the  heart  beats  are 
not  retarded  very  much,  th»t  contractions  of  the  ventricles  are  somewhat  stronRer 
than  otherwise;  and  that  with  stronger  stimulation  and  considerable  retardation 
the  contractions  become  weaker.  The  augmentation  in  the  tirst  instance  need 
not  be  a  direct  effect  of  the  vagus,  for  it  may  be  due  to  the  fact  that  with  a 
slower  cadence  a  greater  volume  of  blood  is  at  the  disposal  of  the  heart  at  each 
systole;  besides,  it  must  not  be  forgotten  that  with  the  longer  diastole  the  blood 
pressure  in  the  arteries  must  fall,  so  that  the  heart  has  less  resistance  to  overcome. 

The  cause  of  the  reduction  in  frequency,  or  the*con»plete  standgtill  of  the 
ventricle  effected  by  the  vagus  is  to  be  sought  in  a  direct  effect  on  the  ventricles 
themselves.  One  would  think  that  when  the  auricles  are  stopped  they  would 
no  longer  discharge  impulses  to  the  ventricles.  While  this  is  possible  it  does 
not  seem  very  probable,  at  least  for  the  mammalian  heart,  for  under  certain 
circumstances  the  ventricles  may  beat  at  the  rhythm  of  the  great  veins  while 
the  auricles  are  perfectly  quiescent  (Knoll).  Besides,  the  power  of  the  ven- 
tricles to  beat  rhythmically  when  isolated  from  the  anricles  is  so  great  that 
mere  stoppage  of  the  auricles  may  not  necessarily  affect  the  ventricles.  Vagus 
retardation  may,  however,  be  brought  about  in  Kuch  a  way  that  the  impulse 
cannot  be  propagated  from  auricles  to  ventricles.  Thus  there  are  cases  where 
the  auricles  beat  at  a  more  rapid  rhythm  than  the  ventricle.^,  although  the 
excitability  of  the  latter  is  not  diminished  in  the  least.  Finallv,  it  has  been 
shown  that  when  the  heart  is  brought  to  a  complete  standstill  by  strong  vagus 
excitation,  the  cardiac  muscle  is  less  excitable  to  direct  stimulation  and  can- 
not be  roused  to  contractions  so  extensive  as  is  normally  the  case.  All  of 
which  bears  out  the  statement  that  the  vagus  acts  directly  on  the  ventricular 
muscle. 

Engelmann  describes  these  effects  of  vagus  excitation  as  negatively  chrono- 
tropic (retarding),  negatively  inotropic  (weakening),  negatively  dromolropic 
(diminishing  the  conductivity),  and  nt^ntivcly  hathmolropic  (reducing  the  irri- 
tability); and  is  inclined  to  the  assum])tii>u  that  they  are  brought  about  by  four 
special  sets  of  nerve  fibers.  This  conception,  based  on  the  frog's  heart,  receives 
some  support  from  Pawlow's  obaervatiuiis  on  the  stimulation  of  separate  fibers 
in  the  cardiac  plexus  of  the  dog.  according  to  which  cither  the  force  or  the  fre- 
quency of  the  heart  beat  could  be  influenced  either  in  a  positive  or  negative 
direction,  according  to  the  fibers  stimulated.  Other  authors  take  the  view  that 
the  inhibitory  nerves  consist  of  only  one  set  of  fibers,  and  that  the  different 
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effects  dc?p«nd  upon   thrir  condition  til   t1i<?   tiniL'   of  simulation. 
decixiun  of  tliv  mnltcr  is  not  ptitMible  at   tliin  lime. 


A   definite 


The  view  has  often  be*'n  pxprpssod  llmt  Ihe  viipiie  infliiencc  on  the  heart 
is  of  a  nulritivf  or  tmfihic  naltire.  The  Etilldwiiiji  facts  mijiht  In-  cnnslrueil 
in  favor  nf  such  a  view;  the  strength  and  working  powur  of  the  heart,  as  well 
as  the  ability  of  tho  hi-nrt  musrlc  to  prnpnpate  a  stimulus,  inoivaue*  after 
^T&gu.s  stiniiilation ;  ihe  luyirtV  arlivitv.  if  it  is  wt-flk.  iy  materially  rai«?<l  by 
THgii5  Ktinutlution;  and  in  the  a(<|>hyxiuted  animal  the  heart  lieals  longer  if 
tlie  va.^1  are  left  intnfl,  than  if  they  he  t'lit.  etc.  Iltit  these  phenomp-na  might 
be  c-\plaim.'d  alw*  liy  Ihe  longer  refuting  pcri'iil  after  cm-h  hvsIoIc, 

<'onrli]!>ive  proof  of  Ihe  eorrettnesji  of  tliif  view  would  \io  afT'>ril^l.  if 
(legi'ticrative  ehange**  eould  Im'  demon •«tra1«l  nn  n  heart  whose  vo^  had  been 
cut.  Such  have  in  faet  often  been  mentioned,  and  it  lias  even  been  a»*ert«l 
that  they  are  ennfinr-rl  to  differr-nt  parts  of  the  ventricles,  aeeordirig  as  (he 
right  or  left  vagus  is  eut,  Hm  we  have  the  ri'sfjirrhes  nf  Pawlow  and  Kriwl- 
enlha!  lo  the  ciMilrary.  The;v  Hnd  that  the  heart  <if  Uogb  whieh  had  sunived 
bilateral  vagotomy  for  several  monlhn  prcjicnted  no  anatomical  change*  whnt- 
Boever.  The  long  time  during  which  Ihe  animals  remained  alive  in  these 
researches,  as  well  as  in  (hose  of  Nikolaides  and  (Jeana,  il*elf  goe*  tn  show 
at  least  that  the  vagus  cannot  be  exclusively  a  trophic  nerve  for  Ihe  heart. 

Tliiit  the  inhibitory  proee:!*  is.  nevertheless,  aeeoiiipaniiHl  hy  d<*m"ustrable 
molecular  changes,  and  that  the  sioppage  in  not  therefore  a  kind  of  pnralysia, 
appears  from  the  electrieal  variarion-i  in  ihe  liciirt  muscle  which  accornpiiny 
vagus  stimulation,  In  the  turtle's  lieart  it  is  po-^ible  to  *4'purale  (he  auricles 
from  the  venous  .-inus  w'thont  injuring  the  nervi-ms  fiber«  nf  the  fontirr.  The 
auricles  stop  for  a  lime.  If  now  the  apes  be  kille*!  by  immersifiti  in  hot 
wa(er,  and  both  base  and  apej^  be  then  led  off  to  a  galvanometer,  the  unual 
denmrcation  current  is  ohsen-ed  with  Ihe  injiirerl  spot,  i.  e.,  the  nj>ex,  nrgndve 
toward  tlie  base.  If  the  vagus*  is  stitiiuliilpd  the  nurielcs  remain  at  rest;  but 
the  galvanometer  xhowi*  a  positive  variation  (tia*kell).  This  variation  of  the 
animal  current  is  et'idcntly  opposite  in  sign  to  that  which  taken  place  in 
the  work  of  the  heart  imisele  fcf,  pag<'  I?!')-  Fano  obtained  «|uile  similar 
results  when  he  stimnlnted  the  vagus  of  an  active  turtle  heart  so  feebly  that 
it  was  not  stopped,  but  only  retarded.  The  positive  phase  of  the  variation 
WBc  inereasod,  but  the  negative  was  diminished  or  alxilished  altogether. 

Since  now  the  negative  variation  is  quite  certainly  the  cxprewion  of  a 
dissiniilatory  process,  one  would  be  foreed  hy  'he  appearance  of  a  positive 
variation  on  stiniulalion  of  the  vagus  to  the  coiiclueiou  that  this  nen"e  calls 
out  prottvses  of  a  synihelic  nature.  If.  hnweii'er,  this  is  true,  it  followa  from 
the  above  observation.;  on  vagotomy  that  tliese  syndielic  proei-sses  are  not  of 
critical  importjiiire  for  the  maintenance  nf  Ihe  normal  siruelun-  <if  the  heart. 

In  discussing  tlie  inlfneardial  innervation  of  the  heart  (imgi-  lS)i>.  the 
Bignilicanee  of  the  ganglia  was  left  an  open  question.  It  will  be  appropriate 
to  revert  to  the  subject  here,  because  some  observations  rm  the  vagns  should 
Ite  able  tn  give  the  desired  answer.  Langlcy  has  shown  that  nicotine  puts  nn 
end  to  the  transmission  of  an  iinpulw'  through  the  sympathetic  ganglion  cells 
with  which  Ihe  nerve  fibers  (preganglionic)  coming  from  Ihe  central  nervous 
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fVBlem  are  cotinecltHl.  whereas  tht'  tibors  (poislganglionic)  arising  from  theee 
relU  reiain  their  excitability  {cf.  L'linptt^r  XXV).  This  method  has  been 
troiploved  aW  for  the  study  of  ihe  ganglionic  cotini*ctions  of  Ihc  vagus  fibers. 
Ill  a  fro^f  [loi^ntid  with  nic^'iine,  stimulation  of  the  vagus  tniuk  producea 
nn  inhibition  of  the  heart;  but  atimu- 
latjim  of  the  nerves  running  in  the 
anricular  septum  uncier  certain  eir- 
enmstflnee^  give)*  vcrr  marked  weaken- 
ing of  Ihe  heart  beat.  Tliu  gangliiMi 
celU  nf  t))u  vennuK  ."inu5  mui't  Ihere- 
fi»re  l»e  regnpled  as  a  reliiy  ^ntion  for 
the  ennliac  inhibitor^'  fibers  [  F.  U. 
liofmann). 


B.    THE    ACCELERATOR    NERVES   OF 
TB£   HEART 

Thrw  ttri-'U'  from  the  synipmhelic 
tFi|i.  ti').  Tbey  pniw  out  of  ihi-  i^pinnl 
eord  ill  the  U(i|»or  four  or  fivi-  (mo«l 
of  1 1x^1  iti  iIk' M-coiid  atui  thir<]}  tlitirnvic 
flpiual  nKit^,  aiiii  run  in  tht;  ■ynipalhvtic 
chiin  lo  Uie  firwi  ihnmeie  cnnelion  {»). 
The  latter  wuiIb  mit  iwo  i-otintTtiiis; 
bntnrbrft  lo  thf  inferior  ci  rvit-nl  cnii- 
iclieu  (0.  IT  to  the  vaxuN  (^i).  which 
run  on  ctlbcr  Hidu  uf  ihi'  i^ubcluviuti  ur- 
H17  forming  the  nnnulu^  of  VicHs;*eui*. 
Eilhrr  fn>m  ibe  iuferior  e^-rricul  gan- 
irlion  ilwlf,  or  fnmi  the  nnnuU»,  or 
trvm  tbr  trunk  of  the  va^ru"  just  below 
the  inferior  cervieal,  the  aceetcraior 
ntrvn  (p)  are  itivi-n  off  to  join  ihtt  ear- 
diae  |>t<-xu6.  Bt-sidt-s.  ocoelomtor  Hber* 
»fT  found  in  t\w  ecrvicnl  portion  of  the 
Tamt^  fince  with  the  inbibitor>'  tibcnt 
thnwn  out  of  fimeiiun  by  atropine 
potsoDinjT  TAfTUfl  Hlimntatinn  prodiircj 
on  HL-wicrntion  of  the  heart  beat,  The 
accvleralor  fibt^r*  rutiuinff  in  tht-  \vih- 
patlu-tic  are  dpficribed  by  pli>-«ioIof!i9td 
vt  tbi-  acciclersiur  iii;rvcs. 

Stimulation  of  ihe  accelerator  in- 
CTva-HS  the  pulse  fnviucncy  more  or  le--* 
{f.  Beanld.  the  brothers  Cyon)  aceord- 
[nf  ito  the  frw|iivney  was  previously 
low  or  hijrh.  Tho  ab';olme  ma^innim 
■  nf  frt<i|U(*ut-)-  ailainabU'  hy  -ilimulatiott 
of  Ihe  arcflemtor  niechani>im  i»  <n- 
tirtlf  indtpeniirnl  nf  llie  fireritnu  rate 
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Flo.  67. — The  CArdiui  atrrtt  ot  the  dnc ' 
afivr  Ivllcobcrgrr  mnI  Pitum.  a,  uiiitnl 
viigiid  ukI  aymptttlu-lic .  b,  voipja;  c,  cn»- 
Ri!«ting  Abtn  t>et<«'««n  ili«  vaipw  sad  (lie 
inririor  crrvical  iptngtion  of  tlw  eymp** 
llwiic:  d,  cftnliiM.'  iitTves  Hfiiincius  frain 
Die  vkgua;  r,  cudiw'  [ilexus.  /,  rvrurrent 
lar>'ngr«l;  g.  /,  pulmon»r>'  plexus;  t,  tn- 
frnur  cervical  gsnKliun ;  m,  nnnuliB  of 
Vjcnjaanu;  n,  firsi  tharaci«  fwiiclioo  (atcl- 
Ulv  guifilian);  n,  rami  commiinic»nt«« 
(mm  ihia  gmnglton  to  iIm-  Iu«i  rer%-ir«l 
otrvw,  p,  r*au  communicaiitM  lo  ilw 
Gnt  mtiii  nrcuiKi  thcir»r-ic  aer^'m:  y.  «u*' 
diMt  branch  (rnm  the  McUatc  g^aifiaa; 
r,  Irurilt  ot  the  ■rmpKthelU'  in  thi*  (Imfwi  ; 
a,  nmi  roatmunicftotm  lo  I  he  npinal 
ttCTvvn  ^,  imweoMal  nerve*:  r,  pltmiio 
orrve:  10.  hcui;  17,  innominate  pj-Icry; 
18.  left  subclariwi  vvui;  1«,  aorta- 
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(Baxt).  The  increase  is  accomplished  mainly  by  shortening  the  diastole. 
When  stimulation  has  ceased  an  after-effect  remains  which  in  favorable  casej 
lasts  for  as  much  as  two  minutes. 

Just  as  with  the  inhibitory  nerves,  the  accelerators  appear  to  exercise  a 
ionic  influence  on  the  heart.     Evidence  for  this  we  have  in  the  fact  that 
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Fio.  68. — Graphic  representation  of  the  pulse  T«t«'.  t>,  on  stimulating  the  vagua;  a,  on  atimu- 
lating  the  accelerator  nerves;  a  v,  on  stimulating  both  aimultaneotialy,  after  Hunt.  Stimu- 
lation lasted  fifteen  seconds  in  each  case, 


bilateral  extirpation  of  the  lowermost  cervical  and  uppermost  thoracic  ganglia, 
after  section  of  both  vagi,  diminishes  the  pulse  frequency.  The  normal  rate 
of  the  heart  beat  therefore  is  determined  by  the  accelerator  nerves  as  well  as 
hy  the  inhibitory,  and  it  appears  from  Friedenthal'a  results,  given  on  page 
188,  that  the  former  are  just  as  necessary  for  the  heart's  activity  as  the 
inhibitory  ner\-e3. 

The  size  of  the  auricular  and  the  ventricular  contraction  in  most  cases 
increases  upon  stimulation  of  the  accelerator.  But  it  may  happen  also  that 
the  extent  of  the  contraction  increases,  while  the  heart  frequency  is  not  influ- 
enced at  all.  and,  vice  versa,  acceleration  may  take  place  without  any  increaw 
in  extent.  In  any  case  these  ner\'es  improve  the  execution  of  the  heart  and 
heighten  the  dissimilatorv'  processes  going  on  within  it;  hence  the  proposed 
designation  of  them  by  Hofmann  as  the  promoting  nerves  in  contradistinc- 
tion to  tlie  inhibitory  nerves,  very  aptly  characterizes  their  properties. 

By  way  of  analogy  with  his  conception  of  the  inhibitory  nerves  of  the  heart, 
Engc'lmaiin  supposes  that  the  accelerator  nerves  also  have  several  kinds  of  fibers: 
positively  chronotropic  (incrensiiiR  the  rate);  positively  inotropic  (increasing 
the  force);  positively  dromotropic  (increasinar  the  conductivity);  and  positively 
bathmotropie  (increaaiiiR  the  excitability).  The  same  comment  would  apply  to 
this  conception  as  to  that  conceminfr  the  inhibitory  fibers  (page  189). 

It  has  Int-n  found,  mainly  by  the  uw  of  the  nicotine  method,  that  the 
■' pronintintr  libers"  ali^o  unite  with  intracardial  ganirlion  cells. 

With  regard  to  the  nninffomntir  rrhtionfi  of  the  vagus  and  accelerator, 
("xpcrinients  sliow  fliat  the  one  ner^'e  or  the  other  predominates  accordlnst 
to  the  relative  f-trenglh  of  its  stimulation,  and  that  with  n  stimulus  of  suitable 
strength  for  each,  the  two  effects  mav  1*  made  to  balance  each  other  so  that 
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both  the  rate  n(  the  heart  Vni  nml  tlif  «1iirntinn  ^f  its  rliffr>rent  phft«e«  may  re- 
main almost  entirely  unchaii>;eil  ( Ktiyli.<(M  anil  Sturlin^,  0.  Frank,  Hunl,  et  at.). 
AjmI  yet  we  are  not  to  suppose  ttiat  tlie  nsultaat  effect  b  the  algel)raic 
Bum  of  the  two  when  actinp  sppflraioly.  For  upon  stiraulation  of  the  two 
together,  if  the  rnpiis  elTtvt  prwInminflttN  Hurinjf  .-timnlfttion.  a  chanirtpristic 
after-effect  of  the  acuel'^nitor  roriit^  on  wlmn  Ktiiiiulation  hii»<  ceaiwd  (Fig.  6S). 
Th*  two  nerves  are  not  therefore  to  fw  reganled  as  true  antagonists;  for  if 
thev  were,  stitnalation  of  the  two  ouRht  to  give  the  same  result  as  stimulation 
of  neither;  that  it,  the  peculiar  after-effect  of  the  accelerator  oheIiI  not  to 
ApfHitr  (Bait).  In  view  of  the-'te  fa(-t.«,  it  i^pom-  prrtlialilc  thitt  tin-  itihtliilory 
ami  "  promoting  libers"  hare  different  incHles  of  connection  witli  tlic  ennliitc 
iDiucie  fibers. 


Si 


Oi 


.^ 


..._«.. — -« 


g  12.    THE   HEART   REFLEXES 

The  efferent  cardiac  ner\'e^  are  roused  lo  action  reHexly  Iwth  by  the  affer- 
ent nerved  of  the  heart  ii^tolf,  and  by  other  nervf-i.  ami  the  heart  n^  varbusly 
influenced. 

On  tlie  anterior  as  well  ai*  on  the  po;*terior  wall  of  the  %'entricle  run 
nnmeroiu  nerve*,  which,  on  stimrilation  of  their  central  cut  ends,  rcricxly 
niie  or  bwer  the  blood  pressure,  uid 
accelerate  or  retard  the  rate  of  the  heart 
biwl  (Woolilriilge),  The  heart  il->«'lf 
thertfore  thmujih  iu  own  afferent  nerves 
MO  wt  in  action  mechanisms  by  which 
the  oircnlBtorr  apparalun  can  I*  changinl 
in  one  «(n»e  nr  iJie  other,  according  to 
the  niomeniani'  re«|uiremenl!*. 

The  d'prrtuMjr  nerve  discovered  by 
ZiDdwig  and  Cyon.  which  muii  &c  a  tu?pa- 
ratr  nerre  in  the  rabbit,  in  the  most  im- 
portant of  the  nerve  trunks  conveying 
fillers  from  the  cardiac  ple\u».  It  rii»e« 
as  a  nile  by  two  roots,  one  from  the 
cenical  portion  of  the  vapiiii.  ihe  other 
fri»tu  the  superior  laryn^ieal.  and  runs 
parallel  with  the  ragus  to  the  ranliac 
pleiuB  (Fig-  6it).  According  (o  Koster 
and  T*ehermak.  the  depre»*or  does  not 
rome  fmm  the  heart  but  from  the  aorta. 
Bwnuse  of  its  great  importance  for  the 
action  of  the  iieart,  we  nhall  diAcuM  it  in 
thbi  connection. 

Stimulation    nf    it*    periphpral    end 
ha»  no  fffci-l  whjitt^^"er.     Stiinulaiion  of 
ih*  rentral  end  prtKluce^t  a  fall  in  blood  pre^^ure  an<l  retanlation  of  tlie  heart 
beat  (Fig.  70).    ]f  the  vagi  are  cut  the  latter  effect  i?  wanting,  but  the  fall 
in  preiivare  occurs  ju«t  a.«  U-fore.    The  retardation  is  therefore  due  to  reflex 
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excitation  of  tho  vngtti^.  ihc  fiill  in  presAure  In  a  rellex  dilatalioD  of  the  Mr 

Tlie  natural  ii»suniplioii  with  R'jniril  u>  tliu  iKJiina]  acliou  of  ilw  d^jjjrvsjwr. 
i«  tliflt  it  is  iilitmilalwl  Uv  dilatalion  of  tlu-  aorta,  when  for  cxampU'  ihe  prc^ 
«nro  tliore  U'eomcw  very  high  t^  that  it  is  diffioult  for  the  heart  to  cniptii*  itiwif. 
Tin*  lihKiii  vcjict'U  are  ililiiU'il  iis  tlif  ii'.-vill  i)f  tlit'  (li-jirf.'ijinr  iiripul.-if.'%  am!  tin; 
ln-iui,  ttnrkin>:  imw  a^ftin*!  \v**  rfi^iam-e.  otiiplie!«  itmU  ituire  <'a.-ily,  Sine* 
the  hwirt  beats  moro  flowly  also  as  the  result  of  the  vajrus  reflex,  it  has  a 
bettiT  oppoiiunilv  In  recnver  after  the  previous  overejcertion.  These  conrlu- 
!«ton-i  hnv»'  lirt-n  ivmiirniod  l.y  n-ci-Tit  ohcn'alion^;  c.  jr..  whHi  hitjh  pr(>->iirr' 


KlO,  70. —  lli'hiividr  uf  ttw  blend  priinurr  oil  ■limulnliuii  of  ific  ilrprpiwiiT  neriT.     T"  l"    f-tnl 
fnini  niilil  lu  Irft.     TItc  lwa\-rf1icAl  lina  indicftU  ihn  titneuf  atimulalion.  |  |  -  ten 

wcoixb. 

i5  produced  artitUially  in  the  arch  of  ilie  norto.  an  action  cnrrent  apprara  in 
the  trunk  of  the  depressor  (Ti*eherTiiak).  and  if  twilh  (h'pn'icorn  are  eul  when 
Ihi'  prp-sj^ure  is  hi^'h.  the  presMire  ri>e-  ttill  further  (I'lw'owl. 

.Xcf-ordiiiji  to  ('yon.  Ihe  drprp*-or  hftu  a  tltini  root,  fcntral  slimulftlion  of 
wliieh  pnuhieis  an  ai-trler/uiori  of  llie  heart;  thiH  root  i<  conneeud  with  the 
eui»ori«r  i-er^ii-al  (:a«;ilion. 

The  heart  does  not  appear  to  hate  nerve*!  which  mediate  tactile  senmiion?: 
on  the  other  hand  re(iexe<  may  t)e  (started  from  its  afferent  nerve;  whidi  take 
effefl  in  ilie  ^ikeletal  iiiu-K-Ie-. 

The  iH-art  in«v  ho  influcnM-*!  reflexlv  I»y  a  proat  many  oiht'p  nprve*.  If  one 
(Hyus  U'  eni.  aiui  the  other  I«*  h-ft  intart.  central  utimulation  of  the  cut  nene 
prmlmt's  a  shtwinp  of  the  piii^e.  which  di^appt'ars  when  the  other  i?  cut. 
Amonjt  Ihe  dilTercnt  afferent  fiber*  of  the  tamiP,  tho*e  eoniiim  from  the  liine* 
aro  most  effective,  thA^e  frr»ni  the  heart  nioeh  lew  iW.  and  tho-«e  sprin^inji 
fr<im  points  Mow  the  hmp  fiher«  are  still  less  effective  (Brodie  and  RiywlU. 
The  Inhihitorv  Deirea  of  the  heart  are  exeitwl  altso  bv  Ftimulation  of  the 
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central  t'Uil  ot  the  sujifrior  lari/ngpal,  nf  the  uplanrhtiic  and   nf  tlip   tri- 
yi'miniil. 

Acci*l<;ralion  in  olitAimil  Itv  tnftatum  uf  Ih^  hinijx\  ami  in  man  it  ha*  h 
fnumi  that  any  incn-a*?  of  imriihr<iiu'liinl  air  iipi-jwure.  as  in  ^iM-akinj,;,  sing-^ 
iiig.  rapid  aiul  ront-d  rcsiiirntion,  etc,  a«*elerates  Itif  himrl  IhmiI. 

The  (fffwt  on  iho  bean  ttf  fiyitral  mimulatiou  of  iwuBory  upnrrs  m  tin.-  etrict 
HniM*.  aa  Wi'll  as  nc>rvi>H  of  the  xpn-JHl  ncnnert.  in  tw<>f(>li]:  fiilirr  an  (iri<clrrali(iii 
«r  a  »1nwin(r.  Oiily  the  iriptrminnl  givra  an  invariable  ivlnrilntioti'.  ftiimulfltirni 
tif  thr  riaMil  iiniciiib*  ini'inlirntir  sHiji*  (he  lii-iirt  iinnHtli»t.r)>.  It  i"  iii>»«il»li'  that 
th*  n^Milt  nf  Htimiitntioii  dfpoiiiiH  upun  its  alrfiiwlh.  inhibition  folK'wiiis  stnmg, 
i-k-niiion  fiilhiu'iriK  th(*  wi'iik  ciirrpnl.  Wi>  may  alwi  supiinM.-  ihul  Hut-Ii.  nt-n-cs 
UKi  of  iwn  kirnU  of  fihers.  ime  of  which  brinps  abtmi  inliihitidn  nf  th<'  h^-nrt 
bfttt.  ihi'  iiihiT  ui'wierotioii:  hut  this  is  improbable.  The  afferent  nerve*  from 
tbf  miiArli*'  appear  to  ex(:TciM>  but  a  nlifiht  intlui'iio-  on  the  Wart. 

Alllinu};h  tht*  hnirt  reflexes*  linve  iiHt  Ihh-ii  «tudi»Hl  at  all  «uirit'ifntly.  we 
may  afrmn  witli  a  ninderflte  liepKH-  of  eertaimy  that  ai-eeleraliorj  as  well  ag 
inhibition  of  Ihe  hwirl  Im'hi  I'liii  lie  Itroufrhl  alKnil  reflexly  liy  a  jjrcai  inanj 
atr<>triit  nen>T-. 

Inhibition  ta  eerlainly  lo  be  rtyurcleil  m  a  reflex  earrlr-d  over  to  ibe  vnnua, 
w  flppeant  UMe<|iiivne»l).v  from  the  fm-t  thar  wh4-n  both  vagi  arp  rut  the  heart 
Ir-uu  faritcr.  Tt  h  Ki-nernll.v  supptweil  aIimi  rhat  nt'celeration  ii*  mediated  by  reflnt 
eXeilMliiiii  i>f  ihe  mx-^lerfltor  niTvcs.  However,  Hunt  ban  made  some  reiM-arehea 
front  which  he  eniifluden  that  reth'x  ueceleralioii  i*  wufv^l  by  a  reduotiuii  in  the 
tonus  "i  I  be  inhibitor^'  oenier.  niid  he  has  endeavored  with  ureal  skill  lo  prove 
ibai  tit  mi»*l  ea-M--*  of  au»rnirnted  heart  aetiim  the  eautv  inheres  in  this  rather 
tban  in  excilnlioii  nf  the  lUTelenilur,  Hllbniiffh  he  Mtbtiit--*  that  niifimenljilioti  in 
»lrDti|p  r  with  Uliitijui\>d  aec^-leratorw,  than  when  these  are  de«lroye<I,  U-eaufe 
with  dlmtiubeJ  loum  uf  the  vaRtiM  they  can  act  on  the  henrt  morv  |H>wi'rfully. 


§  13.  THE  CARDIAC  NERVE  CENTERS 

Wc  difugnatp  an  the  crnter  of  a  nerve,  that  plaoe  in  tlie  n-nlrnl  nertoiiB 
(»yi*tem  from  which  it*  activity  ix  influcnc*^!  either  autnniatieally  or  n-tb-xly. 

Nolhin^  delinite  i»  known  ntraut  the  location  of  Ihe  augmfntor  cfnUr  for 
the  heart.  But  since  a  ftiniuluH  applied  to  tlie  upper  part  of  the  metlulla 
pnnluee*  n(^-Ierati«n  of  the  heart  heat,  it  is  natural  to  locate  this,  with  ih© 
other  vegetative  (vnler^  of  the  IwHly,  in  the  intxlullu. 

It  i«  perfiK-lly  c«>rtaiu  that  the  inhibilorf/  centrr  is  in  the  nitxlulla.  A 
nei-dlc  punclun,'  halfway  up  the  iiu-dulla  and  pretty  well  to  one  side.  c-au>*ei! 
■Jowinp  and  ntoppijie  of  the  heart. 

The  car<liae  nerre!*  are  inllneneed  nlcn  hy  portions  nf  the  hniin  anterior 
Ui  the  mediilln.  im-hiding  even  Ihe  cen^bral  cortex.  Thi*  i«  confinne«l  by  our 
daily  CTperience  that  the  psychic  statoa — ^joy,  fear,  hope,  etc. — increaae  or 
dJminUh  Ihe  frefiiiencv  nf  the  heart  beiit.  Mn^it  |>pr)v>nn.  however,  find  it 
impossilde  to  infltienee  thesr  renters  hv  direct  effort  of  the  will. 

The  fnfincney  of  the  lieart  iH'at  can  la-  rhaii^od  in  one  direction  or  another 
hv  the  Mv-callfd  mnfnr  nrfax  of  the  cerebral  cortex  and  hv  different  lower  parts 
of  the  brain.    Riit  it  !«  not  correct  to  reirard  the^o  nortion*  tuf  the  wat  of  the 

ire  rcntern  of  the  cardiac  nerves.     If  -uvina  preferable  tn  n^rd  the  cere- 
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brum,  etc.,  as  peripheral  organs  bv  whicli  the  cardiac  centers  are  excited  re- 
flexly,  jiij't  as  they  are  roused  to  activity  by  afferent  fibers  coming  from  other 
parts  of  the  body  (Franck).  According  to  this  conception  the  actual  center 
of  the  inhibitory  nerves  would  lie  only  in  the  medulla.  It  can  be  acted  upon 
by  a  great  many  afferent  nerves — from  the  skin,  from  the  heart  itself,  from 
the  abdominal  viBcera,  the  lungs,  the  sense  organs,  and  from  the  different 
parts  of  the  brain. 

The  blood  pressure  also  exercises  an  influence  on  the  rate  of  the  heart  beat. 
It  is  true  that  in  an  exsected  heart,  one  observes  no  influence  upon  the  pulse- 
frequency  by  variations  of  the  arterial  pressure  within  the  vital  limits,  and  the 
variations  of  the  pulse  produced  by  ^reat  variations  of  the  venous  pressure  are 
not  especialiy  larRC.  But  under  normal  conditions  of  the  circulation,  very  evi- 
dent changes  in  frequency  often  occur  as  the  result  of  variations  in  pressure^ 
and  this  even  if  every  possible  connection  of  the  heart  with  the  central  nervous 
system  is  broken.  Thus  it  is  found  that  if  an  increase  in  blood  pressure  due  to 
a  local  vasoconstriction  occurs,  there  often  goes  with  it  an  acceleration  of  the 
heart  beat,  the  chief  cause  nf  which  is  probably  to  be  sought  in  the  suddenly 
increased  bluod  supply  to  the  heart.  By  this  means  those  portions  of  the  heart 
yhere  the  contraction  starts  are  roused  to  more  frequent  action. 

In  a  heart  completely  isolated  from  the  central  nervous  system  an  increase 
of  pressure  may  produce  also  a  retardation.  The  inhibitory  mechanism  there- 
fore as  well  as  the  motor  mechanism  can  be  excited  by  a  rise  of  blood  pressure. 
The  result  will  depend  upon  the  relative  irritability  of  the  two  mechanisms. 

When  all  the  cardiac  nerves  are  intact,  the  heart  frequency  decreases  with 
a  rise  in  blood  pressure  and  increases  with  a  fall,  whatever  the  order  in  which 
the  variations  succeed  each  other.  Since  slowing  of  the  heart  is  not  the  usual 
result  of  increased  arterial  pressure  when  the  vagi  are  cut,  it  is  clear  that  the 
above-mentioned  phenomenon  is  an  effect  of  the  vagus  center. 

This  excitation  of  the  vagus  center  is  called  out  in  part  by  the  depressor; 
but  is  probably  also  ctmnectcd  with  a  chani^  in  the  circulation  of  the  brain, 
excitation  of  the  center  following  an  increase  of  intracranial  pressure. 

Nothing  certain  is  known  as  to  how  the  accelerator  center  acts  with  a  rise 
of  pressure.  The  increase  of  pulae  frequency  observed  in  an  anaemic  condition 
of  the  brain  might  possibly  be  referred  to  an  excitation  of  this  center,  but  it 
can  be  explained  also  by  a  fall  in  the  tonic  influence  of  the  vagus  center. 

Froiri  the  facts  just  discussed,  it  cannot  bo  looked  upon  as  fully  established 
that  effcclH  on  the  efferent  cardiac  nerves,  which  can  bt-  obtained  by  stimulation 
of  afferent  nerves,  are  caused  cxclnsively  by  a  reflex  from  the  cardiac  centers, 
for  it  is  not  impossible  that  a  change  in  the  blood  supply  to  the  brain,  brought 
about  by  a  reflex  efftHit  on  the  vascular  system,  has  participated  to  some  extent. 

g  14.    THE   RATE   OF  HEART   BEAT 

Xow  that  we  liave  studied  the  influence  of  nerves  upon  the  rate  of  the 
lieart  beat,  it  remains  for  us  to  ini|nire  wliat  are  the  nornutl  variations  in  man. 

If  iill  disturliinfi  inlluenees  tie  removed  as  far  as  possible — i.e.,  if  the 
individual  be  restinj,'  ([iiietly  in  Ited  and  abstain  from  food — only  very  slight 
variations  in  llie  pulse  fre(iin'nev  ajtpear  iti  the  course  of  the  day.  But  the 
pulse  rate  is  (|ui<kly  alTi'ete{l  by  all  sorts  of  influences. 
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Hmtv  IkJ  clothing  sunicieiil  l«  iinnluce  a  gmwino;  sensation  of  Trarmth 
quirkcD^  the  ]mhe  frv<|Ui-iicv  consitlorahW.  I^xpoi<ur«  of  th«  naked  ImmIv  to  J 
«ir  at  a  low  teinp<?nitun;  rwlut-us  the  rati';  hut  if  the  tem|>crature  of  the  air^| 
\i  hi^h  thf  rate  ri*c*.  Hot  ami  cohl  Uriukj*  have  tliu  game  efTcct  at*  oxtcraa]  , 
tctDpt-ralure:  drinking  hni  wnti?r  accelerate*,  drinkiug  cold  water  n'lar<ls  tho 
piilfte.  A  burning  sensation  nr 
M-niantion  of  jiresraro,  vtv..  in  the 
Momach  or  intestine  quickens  the 
puUe. 

I'ndfr  giich  rircura!itanc<?ii  ii  i* 
e^i'lf-nt  that  a  meat  nuiy  esercir^i.* 
an  iniimrtnnt  influenw  «n  thv  pulM- 
frcqueiuT',  ^^  this  t^  ronflrmiil 
hy  experience.  The  puis*  rale  a;* 
a  rule  id  higher  at  meal  time!-. 
owing  mainly  to  the  addition  of 
hrat  In  itie  (mmIv. 

ttttdiltf  movrmenU  oxerci*e  the 
nio»t  profuuud  inrtuenee  on  (he 
pnlj«  rale,  and  we  can  ahim-t  niv 
that  the  rate  inrreai^'^  in  dint-t 
proportion  (n  the  effort  rei|uin.Hl 
and  the  eitont  and  rtgur  of  the 
novenifnl.  Detailed  experiments 
ar»  at  hand  showing  Ihai  the  in- 
crease is  due  in  itmall  part  to  a 

dirpct  effect  of  prniiucts  fomieii  in  

the  intisurular  aetivity  on  thv  heart  ^| 

it*t'lf.  but  in  by  far  the  greater  jiart   tn  the  fact   that  along  wi(h  the  vol- 
untary inipuli«$  from  the  higher  brain  centers  to  the  muMi-le^  there  go  aim 
invaluDtary  impulses  lo  the  ninliac  crnters.  whcrehy  the  tonus  of  the  inhibi- 
tory erater  is  diminished  or  the  aciirlerator  center  i^  excited   (Johunuon;  ^H 
cf.  pag»  105).  ^1 

Figure  71  *how»  how-  the  pul^e  rote  varie*  with  tiftr.  In  Hip  first  yi-ur  it 
IB  highest;  it  then  falU  to  a  niinimiim  of  about  t^eventy  per  minute  near  the 
tweniiflh  year  (for  mah^).  where  it  remiiinit  until  tlio  apjiroach  of  old  age, 
wh4*n  it  again  ri^'s  iioniewhal. 

Ttic  higher  puUe  ratf  in  children  i*  due  in  part  to  the  emaller  $izc  of  th# 
hodif,  jiut  as  we  find  in  grown  animnU  of  different  species  thai  the  larg<>  nnea 
bare  a  »low  pul%>.  the  F^mall  one^  a  rapid  puln?  (e.g..  horw  and  ox  ^l>  to  !»n, 
rabbit  ?0i)  per  minute).  This  ilit?iTence  i«  without  douht  connerted  with  tho 
rclatiTfly  more  active  metalK)lii>m  of  small  and  young  individuals  (cf. 
I»ge  117  rtJifif.). 

Figure  71  al»  fnmi'hw  information  with  regard  (o  the  influence  of  *cr. 
The  pul-io  frequency  for  all  ages  alnn'c  two  years  in  higher  in  the  female  than 
in  the  nuile.  The  «mnller  size  of  the  female  IkkIv  it  tlie  most  imporljint  factor 
in  ihtj>  difference^  One  finds  on  compori'wn  of  the  pult*  rate  in  men  and 
vjuHia  of  the  same  height  that  it  is  gnmcwhat  higher  in  the  latter,  but  the 
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difference  is  much  lee*  than  whc-n  malt-  and  female  individualft  of  the  Mim 
ago,  without  rcgtird  In  mzv.  arc  compared. 

Again  we  meet  with  conj^idcrable  variation  of  pulse  rate  in  diffrrfnt  indi- 
vitluaig,  &  very  low  ("^tt-SiJ  per  minute)  and  n  vorv  hifih  rate  (liO  per  min- 
ute) having  been  obserred  in  men  of  perfectly  sound  health. 


THIRD   SECTION 


THE  BLOOD  FLOW 

g  1.    THE   FLOW   OF   A  LIQUID   IK  RIGID   TUBES 

1(  a  rcbpnriiir  bp  ro  flrrnnmHl  bb  to  clcliTor  a  Hijuiil  tliruuuJi  «  lube  of  uni- 
form diameter  n^  represented  in  Fi|r.  72.  the  menu  velncity  nf  the  flnw  will  be 
the  same  in  evprj-  cmsa  Hcctini)  of  the  tiibi-.  This  ((jllnws  from  the  (ael  that 
fluidti  are  not  comprwsiblc.  More<>\-(;r,  the  iiitenial  friction  of  the  flnid  create* 
a  reeUtance  which  causes  it  t«i  fluw  iiiuri'  slowly  than  it  wmild  if  it  were  puurinif 
direeily  from  an  npfiiing  in  the  rpservoir;  and  in  consequence  of  thi^  frieiion 
the  liquid  in  the  tnl)e  is  fnibjceted  lo  a  tensinn.  which,  however,  is  smaller  than 
it  Would  be  if  the  How  fnnn  tlie  end  of  tbt*  tube  werp  hindered  in  some  way. 
This  leii-iitiii  inaoif^^ts  itself  as  u  Internl  pressure  which  cun  K*  tneaiiUK-d  by 
menus  of  vertical  tubes  leadine  off  al  inier\'iil8  alont;  the  deliver?"  tube.  If  the 
highest  [Miinia  of  the  coInmiiR  of  liqnid  be  eonneeted  with  e«ch  other,  a  ftratiiht 
line  M  obtained — i.  e..  the  lateral  pressure  deereasest  uniformly  in  the  din-ction 
of  the  current,  to  the  end.  where  ii  is  nil.  The  lateral  pn-s-iiire  at  Hny  given 
point  along  the  delivery  tube  is  equal  t«  that  part  of  tlie  whole  prefsnre  which 
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VlO.  TS.^Tl)*  flow  of  n.  liquid  through  a  njpA  tubff  of  tiniform  diiuneler 

ia  neecasary  to  overeome  the  resialanee  of  the  carrent  from  that  point  onward. 
If  the  H>*stem  thnaifrh  whirh  the  liquid  flows  conHist  of  n  nnrnhnr  of  ruben 
of  different  diameter  fastened  together,  &i  in  Fi(r.  73,  the  same  fuudemcutal 
luwa  Wld  KLiod.  Because  the  liquid  in  not  c<im|ir«<sible  the  itaine  quantity  rauat 
flow  throiiph  every  eros*  section  of  the  tube,  whatever  its  sixe.  in  unit  time. 
Cnufleqiicntly  the  velocity  in  the  different  sections  of  the  tube  stands  in  inverse 
relation  to  their  cross  wetion.  The  lateral  jireaBuro  within  the  different  sccliona 
falU  at  diffoK'nt  rati^a — most  rapidly  in  the  nnrmwest,  most  slowly  in  the  widest. 
In  sections  of  the  same  diameter,  whether  they  are  separated  by  narrow  or  wide 
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portions,  the  fall  in  pnwsure  is  ibe  t^Hine.  for  the  velocity  and  henoe  the  intemaL^ 
frirtiou  also,  aw  ihc  eaiue  in  thi-^c-. 

Whf-n  n  main-delivery  tube  is  Hivitled  up  ini^  n  number  of  ^mall  hmnehestl 
whuM-  totnl  i-niMt  !*»'tion  wrea  is  (fr<-«ter  iIihii  that  nf  the  stem  tubt-.  and  th*»o 
brntti'lif-H   thvu   reunite  into   a    single   lube  nf  ^mailer  crowi  st-ctjon    Ibuu   the 
branoht-^.  *o  as  to  imitate  roughly  the  relaiionships  of  srterie*.  capillaries  and 
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Pto.  73. — The  How  of  »  U«|u>(l  through  *  rigwl  lube  of  varying  dijuiwtar. 

TtttttS  th<^  Mnmc  quantity  of  liquid  will  Bow  throufzh  every  total  eroHt  M>c(inn  oi 
the  i^aleui  ill  unit  time,  and  the  velot-ily  airain  will  b*  infcnteLv  proportional  l( 
ifac  total  cr^nM  »o«.*liun  an-a.    lu  such  an  «ii1arKvim-iil  «'t'  ibv  total  i-ruti^i  seotion  byl 
bratKbinn  the  itupcrfieial  contaet  Ix-tnt-en  tbt-  liciuiil  untl  tbe  wnlU  of  the  tuUv] 
bcMVies  greater  as  the  diameter  nf  the  hrnnebe*  Uvomo*  snialler,  hihI  ihi-  n-Jiint 
anre  lb»frvfiir«  also  bec-nmes  frrt-aler.     Xnw  iiicr«i»ed   reflstflnee  ni-t!'  Mnailist  tbo] 
favorable  infiuenee  wbieh  the  uiore  wideuiiiir  of  a  current  bed  pn^ilut-es.    CVa~] 
•equeutly  the  effci.-t  on  thv  fluw  of  thi>  current  pnKltict-iI  by  any  particular  branc 
intf  of  tbe  bed  will  be  the  resultant  of  these  two  opposing  factora. 


§2.    THE   FLOW   OF    A    LIQUID   IW   ELASTIC   TUBES 

Tbe  laws  which  apply  to  a  consfanl  current  in  ritrid  iube»  hold»  &l»o  foi 
tubea  with  elastic  walls.     But  nn  imiKirtant  diffen-uci-  i-xit^ts  between  rinid  audi 
rlastie  tnhefl,  when  the  fluid  in  driven  into  them   inlfrmiltfnilii.     We  leave  itut] 
of  acvrount  here  for  tbe  pre-ent  wavelikc  movenient^  in  ela^tio  tubes. 

If  a  Dutd  be  putn|>e<l  rb.vtbiiiieally  into  <me  end  of  a  ri.?i(f  tube,  it  will  flow 
out  of  the  other  end  in  jet»  of  llu'  same  rhythm.  Bui  if  wl>  use  an  ehi»lie  lubo 
for  Fticli  an  experiment,  and  if  the  re8i;ilance  in  the  tube  is  sufficient  and  the 
rate  of  inflow  rapid  ^notiKh.  the  outflow  may  become  continuoun.  This  rnnver-^| 
lion  of  an  intermittent  to  a  omstant  flow  is  cxplai^l^d  by  the  fact  that  ihc  elaatio^* 
wall  of  the  lubo  im  put  on  the  stretch  by  the  injociinK  force  mi  that  a  part  of 
the  enerfty  is  stored  in  the  wall.  Then  when  ibe  inflow  ceaw*  fi>r  n  nuinienl.  iho 
»irei(-hcd  wall  cxerti^  proK^ure  im  the  eonlnincd  fluid  in  cousequeocc  of  which 
the  latter  flnw.1  durinif  the  pauite  between  jetti.  ^j^M 

TbesH'  conditinns  arc  realized  in  the  va.«ouIar  nytpin.    The  blood  is  driven 
by  tbe  heart  into  Ihe  arteriwi  in  spurti*;  the  arterial  waits  are  ela-'tic;  the^^ 
smaller  arterir«i  and  capiDflrieii  proftent  a  hijzli  rc«i?tanee.     Cnnt>cquently  thtffl 
arterial  wall  i«  stretched  by  the  blood  at  every  syrtsle  of  the  heart,  and  dur- 
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ing  (Iia:!toIe  the  plastic  recoil  of  the  wall  drivM  the  blood  forward 
cApillarieti  where  it,*  flow  beeomes  coiiJ-taiit. 

Tlie  elasticity  "f  the  arteries  spiinv<  the  heart  a  cou^idi-raljle  (juaiuily' 
of  work.  If  they  wore  rigid  tulM.-?,  it  would  Ik?  necessary  for  the  heart  to] 
drive  the  entire  qimutity  of  Iilood  eoutaincd  in  them  fonivard  at  oiu-e,  ButJ 
since  thev  an?  elaslie,  lite  volume  of  hlwd  discharj^eil  at  eaeh  systoh-  irt  ai{:iiin-[ 
modattii  liv  the  teitijjorary  cTihirjj>Miieiit  of  the  largur  arteries  and  i»  tlieaj 


Flo    74.— An  artiHrial  aiclipina  for  iDiMlniTion  of  mi^nto  polnW  in  tlic  mt^liJinicK  of  rh*  cirpntntion,' 
Alter  Pnrirr.     The  M-hrjiw  ooniiiiits  of  ui  "mirirlp''  in  ihc  nhnpi-  i>f  n  nintUI  ^ylindrlp*!  mscr^  I 
voir,  iihiiwn  bi   liie  left;  s  "vvntrirlf"  in  IIli>  iIiu|m-  i>f  it  niiiall  nihtwr  piifitp.  Ihe  pmoiiro 
witKin  wliir:li  !•■  vari«vl  hy  inf«n<<  af  a  piACon  upTrmtcil  ihroUKh  a"  (^■'(■ninr  wlirrl  vrhtrli  in 
rotutn^l  by  a  cr»iik:  n  valve  iM'iwtv^n  (In?  nitriHc  nud  vi'niri''lr  ri*i>r»«f'iiiitig  iLe  utrio-^i'ii- 
thciilnr  viklrM-,    nnolh»  tsoyond   Die   veiitriclr    rrjiresi-iiliiii;   ltii>   si-iiiiliioaf   vnlvn<;   tiihM  , 
rp[im>euliug  blao<)  vnBrU;  «  »t  ot  "  cupillariM  "  in  llie  s\aiK  of  a  (nvtitm  "f  |iimm»  i-siia  | 
wh«Tf  Ihf  "piriplicr*!  rosisttuict-"  in  liiith,  unit  n  niiip  liibc  provided  witti  a  clninp  by  whi<-b  , 
lite  pvriphural   run;>tiince  can   bf   Itm^n^l;  &nd  nercurj'  nuuioiiieWni  which  rxliibit  tlittj 
relAlive  ulrriitl  Hiul  venoiw  jnvoium. 

driven  forward  by  the  fone  I'torfd  in  their  u?nJ}s,  so  that  only  a  pari  of  th*] 
cohinin  must  l)e  moved  at  the  time  of  systole  (  E.  H.  WeWr). 

The  rhythmical  feeding  of  [he  ve^tiels  ha«  still  another  advnnlagy.     Thel 
blood  roTpiiscli'is  are  given  a   kind   of  to-and-fro   naotion.   which,  as  experi- 
ment   han    shown,    maleriallv    faeiliiatcs    the    flow    thnnigli    the   capillaricaj 
<Hamel). 

§  3.    THE  FLOW  OF   BLOOD  Uf  THE  ARTERIES 

A.    ELASTICITY   OF  THE   ARTERIAL   WALL 

rf  a  strip  em   from  an  artery  Ijo  t^tretchtnl  hy  adding  to  its  load  eqiial 
increments  of  weight,  the  aniounl  of  lengthening  producwl  hy  each  suocessive 
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veighi  becomts  etindily  iem  Uie  grmter  tlu?  totul  losul.  Tho  mcnii'ipnt  of 
tfUsiicit^r  of  the  arterial  wall  then-fore  iiicrett^ia^  a^  the  etretcbing  tntva  ia- 
OKMtM,  90  that  th«  curve  of  elongation  rewinhlt-s  an  liyperlMln  (\Vcrth<.*in[»). 

As  to  ttu'  rate  of  cubic  di«tFntion  of  llie  arterteti  eutiMxl  by  iiicrf-nMiii 
iclvnuil  pre»i<ure»,  wliicli  i*  a  matter  nf  much  (rreater  im|H)rtaiu'('  for  umlcr- 
utanHing  the  circulation,  the  result*  of  invcitigators  differ  widely,  Whilej 
Marey  and  othi^ni  have  found  tluii  the  cubic  enlargemeni  runfl  iho  xamc 
coiifHe  a«  the  I'longaliou  of  the  »lri[>  cut  from  the  wall,  Hoy  aswcrts  llitit  this 
is  the  ca*»*-'  only  in  arlencs*  taken  from  animal>'  ami  men  who  liave  miitfert'd 
from  Himo  wasting;  ducoac,  and  finds  tlint  with  [icrfectly  sound  arteries  the 
incrpaw  in  volume  with  (ijuai  iDercment*;  of  inlernal  jiressurc  rices  at  first 
u|i  lo  II  rrrtain  limit  (t-arioimly  jtivcn  for  the  dojj  from  H'i  tn  I'Jd  mm.  ITp.). 
but  with  slill  bigber  internal  pro<9ure  the  distensibilily  falls  (Kip.  "i^). 

At  any  nite,  j|  ]»  txTtain  tlml  the  cubic  enlarfjemonl  of  Ibe  arleriwi  beyond 
that  piven  by  a  wrtain  intermil  pr««ure.  whicb  a«  a  rule  in  not  hiplier  than 
mixiium,  nomml    bhiod  jiretwnre.  Wr»m<'s  low  and   less  with  e<|U«!    inere- 
pnt»  of  pre»«iirL-.    Kfin  «liieb  it  fullMvis  ihal  when  the  arterial  hlnml  (>ri-->siire, 


Fra.  75. — The  Mibic  mbuKornvnt  of  iti<>  ootib  of  n  ntbbti,  ui^lcr  k  uniformly  iocr«*Hiiig  mtonuU 

prnvorr,  id'tM-  Hoy, 

ifl  already  hijih,  any  nt^rady  increaxe  in  the  quantity  of  blood  d^^cha^(re  from 
the  heart  will  caune  a  more  than  proportionate  rise  in  the  bhmi  /rt-^'-wwrf  and 
will  i.vrn<s|>nndingly  increaM?  the  work  of  tlie  heart. 

From  results  thus  far  at  hand  it  appears  thnt  with  any  given  inereaise  in 
pcesmn*  the  arterieh  an^  dit^iended  relatively  more  the  farther  they  arc  uilB- 
ated  from  the  heart. 


In  tho  body  artcrieit  as  well  as  veiiui  are  always  on  the  8tn<1ch  loniritudiniillyr 
whatever  the  inlenial  pressure;  for  the  mument  they  are  cut  out  of  the  b^^Lv  ihey 
at  ontH'  retruft,  lieciimiiiir  «horlPr  mid  thieker.  It  iii  alwa.VK  iMMwibh*  lo  tbid  a 
Mrrlrbinrr  foree  which  will  pive  nn  exwetcil  vessel  the  dimensions  it  would  biive 
if  il  were  iHimplelely  fiseil  in  mHu,  when  Piii|t|,v.  This  ^iretehinfc  forLV  ojtpri'sserl 
a»  pn'SHure  in  millimRleni  of  Hr;  >k  l(K>ke>l  u|>oii  by  IE.  FuchH  an  ibe  uieattun.-  ft 
the  loniiitudinal  (ention  when  tlu>pe  is  no  inlenial  pressure;  it  anutiintu  tn  fnun 
SO  to  9ti  mm.  llir.  in  the  iboracie  norta  of  the  doR,  and  is  therefore  bi-luw  Ibc 
Dpan  blooti  prttftiun*. 

The  tlantiritjf  nf  the  urtenca  ia  perfect — i.  e.,  if  they  1*  mbjeotwl  l«  a  high 
internal  pm^ure,  nnd  the  execPdiTe  preMure  be  then  ivmoved,  they  immediiitcljr 
rciuni  to  the  oriKiiml  volume. 

Kurthermtmv,  ihe  rrgixtntirf  of  ibe  HriiTii-s  lt«  liiub  pnuffiun!  is  L'xceediiiKl.T 
gruat.    The  internal  prvssurc  necc&sary  to  rupture  the  carotid  of  tbo  doc  is  four, 


202 


CIRCULATION  OF  THE  BUX)D 


l^  elpvPTi  mmosphcrcs.  the  cnrotid  of  man  eovra  to  ciglil  atUKiKplicrvii  (inemi*. 
Since  tlic  inaxiniiim  nonnal  bli»c«I  iirowttu re  in  tlip  carotid  may  be  ebtimuti-d  at 
.iin^i)uartor  at mo^plierc.  »■(•  wc-  that  nrtericH  ran  he  pupiuri'd  nnl.v  t»,y  u  |irc«- 
Burv  Iwi'iitj-t-JKlit  '••  tliirtytwn  times  tUf  iiuriiiiil.  Th<.-  rt-siiitfliicc  of  tlii*  smnller 
arteries  it*  still  (rrfutt-r.  This  nieann  Ibnl  arl*-ries  ran  never  he  niptuiytl  hy 
cxc4'Sittve  blood  presf^un*-,  uiilctu^  tlii>y  have  tint  bc-uii  abiiunnull.v  wiukcui-d  (ilules, 
Grehant  and  Quinquaud). 


B.    METHODS   FOR  THE   DETERMINATION  OF  BLOOD   PRESSURE 

The  mercury  manomeier  is  commonly  U8«I  in  dctpruiiiiiiiK  arterial  bhwd 
prrssiirr.  bcraiisc  it  givt^  directly  the  abunluto  vnlue  of  the  pwnsurp  without  any 
oih-ulntiii'ii.  TW-  tlnxiic  mamirn-fttr  aUn  (page  »)  liiidK  with-  iipplit-atioii  where 
it  19  defired  to  follow  exactly  the  variatiouB  of  pr«*i»iire  «»H:oiiipBtiyiiijt  individual 
heart  bi-at*. 

Thf>  ilg-marioini-li!r  is  nut  ndapii-d  Utr  follnwinu  rapid  variatinns  nf  presauru 
brcaii:40  of  rhc  intriia  of  the  Ilg  rotuma,  whieh  raii!U>H  \iw  muxiiiiu  and  minima 
cornwpondiciK  to  syniole  end  diaslolo  to  be  incorrectly  reprnduccd.  Wilh  a 
»li>w  rhytliiii  tht-  tnnxim«  nn-  Irm  hi^rli.  !!«■  minimu  tun  low;  while  with  a  iiuit-kcr 
rhythm  the  inaximu  are  1ol>  low.  lite  iiiiciiina  ^oo  liiRh, 

Hut  a  tolerably  satisfaerory  value  of  the  metin  prfssurt  for  ti  piveii  tiiut-  CJin 
he  iililiiined  by  tuejltis  nf  iIk-  lli:-iiifliii)iiii-Ur  in  the  followiim  way  (v.  Kries) :  In 
I'jo  fipiire  Riven  on  page  K  ihe  smaller  nwilbitimia  on  ihi-  ciirvr  n-pri'scnt  indi- 
vidual heart  Ix-alit,  the  larger  reprcsfnt  pM-:4sure  variations  cauwil  by  rhe  n"ipirn- 
lory  movementa;  the  line  a  b  in  tb?  line  of  no  pn-ssure,  and  tin-  line  T  frives  the 
lime  in  nectiiidtt.  When  the  iniTeiiry  iiiovew  up  the  free  limb  of  the  iiiuiiotnoltT, 
it  uaturnlly  fnlln  jlixt  aa  mueh  in  the  other  timh  ( Fi|r.  !)].  If  we  ueirleet  the 
error  due  to  iruTtia  of  the  11^.  eoluiiin,  ihe  blood  pn<s.4urc  at  any  instant  18 
ihon'fore  twiec  ihe  distance  of  the  rurve  from  the  line  of  no  pressure.  Hence, 
ill  order  to  detertiiiiie  the  mean  hhiod  prciwurc — e.  ft-,  duriiijr  the  tN/rioil  n  to  h, 
vertieal  line*  an-  drawn  from  n  and  '<  to  llie  cur%'e,  then  llie  -turfwee  n  b  d  r, 
ia  meu>>urL>d  in  t'quare  niillimcterM  and  is  divided  by  the  Hue  <i  b.  The  (.luutient 
ia  the  heipht  of  a  riH-lantrti'  of  the  same  aurfare  aa  u  b  d  r.  antl  with  a  base  a  h. 
Thi»  heiffht  doubled  is  the  mran  prfssure  in  mitlimelfra  of  rrn^retiry. 

It  the  preasure  curve  preacnta  no  very  p-rejit  variationa  but  runs  alonf;  with 
lierfi-clly  regular  <i^*iIlution4  M  in  Fi|c.  H  the  mean  pretmun-  can  hf-  determined 
by  i>imply  mcaaurinff  the  liiRhext  and  lowest  points  during  the  period,  and  doub- 
ling the  mi-aii  of  Iheae  Iwn. 

The  moHc  of  cntiiierrton  of  the  rnnnnla  with  the  artery  mnal  he  home  in 
mind  in  interpreting  the  prcswun?  obtuLm'i).  If  a  T-eannula  Ijc  um-J.  and  tliL- 
unpaired  limb  be  eoiineeled  With  a  nianomi'ter,  no  ibal  the  cnrreiit  in  tln'  itrlery 
u  not  inlerrupted,  the  manometer  reeordf  the  lateral  pressure  of  Ihe  blood  in 
thia  partieular  arter>'  at  the  plaei'  where  the  (miinuln  i;*  iiiaertfd.  Ttui  as  a  rule 
it  JA  nion*  convenieul  to  make  the  cannula  lenniiuil  to  the  central  end  of  llie 
artpr>',  so  that  the  manometer  rwords  the  lateral  pressiirr  of  ihe  larger  artery 
of  which  the  one  urutl  h  a  brunch.  ThiiM  a  cHniinla  in  the  central  end  id  the 
i-arolid  gives  the  luleritl  pretauu  of  the  blr>o»1  in  llit-  aorta. 

Several  inelliod!*.  wliii-b  pnK-i-e*!  upon  the  principle  of  finding  Ihe  prestiture 
neciwsary  to  stop  the  hhHKJ  llow  in  the  artery  iiivestignlcil.  have  been  di-viai'd  for 
dctenniniug  the  blood  prfssure  in  mtin. 

The  sphij'jmomanomfter  of  v.  Bawh  consists  of  a  button  or  plunger,  U^und 
to  a  metal  manomeier  by  meam*  ct  a  niblHT  tulx-.  The  button  is  placed  over 
some  aupvrticial  artery  (preferably  one  that  is  aupportcd  on  a  solid  i^ubslmtum — 
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p.  IT-  th<>  ra^lial).  bikI  prrAsure  U  a|i)tlicil  until  no  pntM>  can  l>c  frit  hy  (lie  fiiifrrr 
placed  |n?ri liberal ly  lo  the  iii^trumoiit.  The  juv^sure  wlnr-h  Ihr  mnnoinrti'r  now 
iih<')Wh  is  iIk-  (l4>sir(><l  raliie.  Thiit  instniiiK-nl  A|iFH>ars  to  W  incnpaKlo  of  K>vitiff 
an  Hlwiilutt!  raliiL-  of  i(ul1k-!tiit  uccunK'y.  uIiIkiukIi  it  hiix  pmvej  admiral>l.v  fitunl 


FM.  78. — Kriati^rr's  ii|>)ibniru9  for  ihtentiiiwlion  of  ilir  blooil  pnwdrr  in  man.  Thf  apfiA* 
MtiM  M  |>nivii)n)  willi  ■>  pm-untatjr  I'ulT,  f,  wlii«)i  cuiuaala  of  sn  ■ii4mI*>  ruMwr  bug  awl  ui 
OUlMilr  loallirr  banil.  Tltc'  wlu>lr  rufT  rui  Imt  iHirklMJ  nruutiil  the  »nn  atxivr  ttM-  'Ibow. 
Tlic  nir  ravtty  wilhiii  Ihv  nibbrr  hnK  of  tbv  cuff  cmnmunwatet  llirutixH  *  lbirk-«rallnl 
rubber  tubc^  and  n  fuur-way  cuiuii.'rlitm,  'oiW  vrilli  tlkc  three  ulhi-r  rwiilttU  poru  of  lliv 
appknitufi,  nMiH-ly:  |l)  dinntinrrrl,  wiili  lli«>  valnil  Ixilh,  V  B,  by  iDnuu  of  wliirh  wr  can  be 
fon^nl  iiitu  itu'  i-iifT  aiMl  ran  tliiw  hr:  tnmdr  lo  riwiii>mw  Itin  arm ;  ('J)  hi  Iht  Uft.  willi  Ihr  rnt-r- 
nirv  miuionirtcr,  M,  trMa  wliirh  Hit:  ainoiint  of  fmmun  applwd  lo  the  arm  ran  b«  rrari 
dirvrlly  ii>  ntiit  n(  Hi/;  and  (3)  iijnrard,  wjih  the  dUlnniblv  ba|L  0,.iiBv<h'  tin- ttlam  oli»in> 
brr,  f/  Thin  Imi:,  ImM  mmtioiinl.  mimnrln  in  OtiriontKMM  nf  |>t*-Mtr<<  iiiniilf  lti«  rubber  bac 
of  thn  arm,  whirli  lov  du«  Iv  vflvnliunii  uf  the  arUTtal  wall,  ami  ilip  liuiibuur  al  IIib  lap 
neonfa  Mieb  vihmtiiiiM  on  Ihr  dnmi,  />. 

for  ihc  tlolt'miiiiHtitiii  nf  i-nri'itfinfrjr  in    prM,«i(r*  in   thf  wiiiiP   peraon,  provided 
ticiihiT  t<Ki  lilllc  nor  Inn  iiuK'li  lime  i»  covvriI  b.v  such  varin(i'>n». 

OihiT  aiithoni  r<mipn?(i<  a  w<*tioii  <if  n  whnlp  linil)  by  mninft  of  n  suitably 
roiLMru«Tl«l  pnfumatio  cuff,  and  measure  the  prc<wure  inside  ihr  cufT  at.  which 
Uip  pulse  in  anmo  distal  rtrlor>'  (li)tap|N>ar«i  or  reapi>enrx.  As  H.  v.  Rvoklitiff- 
haufen  han  nhnwn.  one  muf  t  ehoose  for  this  purpow  n  cuff  of  ron^idfmb}*  brfndlh, 
for  othorwi""*  n  jwrtion  of  llic  presfeurc  in  eoti^iiiiicit  by  thp  nei^hborinK  H<>ft  parta 
aoJ  oQc  obmiiiK  tou  high  u  value.    Tlic  brtuider  tbc  cuff,  the  inorc  is  this  disad- 
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vantage  obTiated.  With  a  breadth  of  about  15  cm.  v.  RecklinghauBen  observed 
in  eight  trials  a  variation  of  only  3  mm.  Hg.  in  the  blood  pressure  determined 
in  the  brachial  and  the  femoral  arteries  at  the  same  time.  .  (In  animal  experi- 
ments the  pressure  in  these  two  is  in  general  found  to  be  the  sam&)  Such  a 
method  therefore  gives  very  satisfactory  results,  as  it  is  also  much  more  easily 
manipulated  than  other  methods  thus  far  devised  for  this  purpose. 

[With  Erianger's  apparatus  (Fig.  76)  it  is  possible  also  to  determine  the 
maximum  systolic  and  minimum  diastolic  pressures.  To  determine  the  former 
the  arm  is  compressed  until  no  pulse  can  be  felt  in  the  radial  artery.  Even  at 
this  time  the  tambour  of  the  instrument  shows  vibrations  due  to  pulsations  in 
the  central  stump  of  the  artery;  but  if  the  air  pressure  on  the  arm  be  now 
lowered  gradually  by  means  of  an  escape  valve  (V  in  the  Figure)  these  vibrations 
will  suddenly  become  larger.  The  pressure  which  the  manometer  shows  when 
this  takes  place  is  the  pressure  which  the  pulse  wave  can  jus^  overcome  and  is, 
therefore,  the  maximum  systolic  pressure.  If  the  pressure  be  lowered  still  further 
the  vibrations  shown  by  the  lever  of  the  tambour  will  become  still  larger  until 
a  point  is  reached  at  which  they  begin  to  decrease.  The  pressure  at  which  the 
arterial  wall  makes  the  widest  fluctuations,  and  the  lever  therefore  its  largest 
vibrations,  is  the  minimum  diastolic  pressure. — Ed.] 

C.   HEIGHT  OF  THE  BLOOD  PRESSURE 

Since  the  normal  blood  pressure  in  the  aortae  of  different  mammals  shows 
but  reltttivcly  slight  differences,  we  can  form  an  approximate  picture  of  the 
blood  pressure  in  man  from  the  numerous  determinations  made  directly  upon 
different  species  of  animals.  The  normal  pressure  in  the  dog  is  130-180 
mm.  Hg.,  in  the  rabbit  80-120,  in  the  horse  150-200.  We  may  say,  there- 
fore, that  the  mean  normal  blood  pressure  in  man  varies  between  100  and  200 
mm.  Hg.,  and  if  we  wish  to  use  a  single  figure  we  may  assume  that  150 
mm.  is  the  most  probable  value. 

We  are  not,  however,  to  regard  the  blood  pressure  as  constant;  on  the 
contrary  very  considerable  variations  make  their  appearance  on  slight  provo- 
cation. We  have,  therefore,  to  study  the  factors  upon  which  the  blood  pressure 
depends. 

These  are  essentially  three;  the  energy  of  the  heart,  the  resistance  in  the 
arteries,  and  the  total  volume  of  the  blood. 

1.  The  Energy  of  the  Heart. — The  quantity  of  blood  which  the  heart 
expels  in  a  given  time  may  be  taken  as  a  measure  of  its  energy.  -If,  other 
things  being  equal,  the  quantity  expelled  in  a  given  time  dixirpasoii,  the  blood 
pressure  falls  as  is  the  case  for  example  upon  stimulation  of  the  vagus  (Figs. 
7('-'i'!>.  If,  on  the  other  hand,  the  decrease  in  pulse  rate  is  only  slight,  and 
ifi  compensated  by  a  larger  pulse  volume  (cf.  page  18!)),  the  moan  blood 
pressure  falls  only  a  little  or  not  at  all  {Fig.  77). 

The  quantity  of  blood  expelled  from  the  heart  may  decrease  also  without 
a  fall  in  the  fre([ucncy  of  heart  beats  {cf.  page  188),  in  which  ca.^e  of  course 
the  blood  pressure  falls. 

On  the  other  hand  the  energy  of  the  heart  may  increase  without  any 
change  in  fre([U<'ticy  of  the  pul-:c  (cf.  page  1!>2).  and  a  rise  in  pressure  results. 

When  the  heart  is  accelerated  by  division  of  both  vagi,  or  by  stimulation 
of  the  accelerator  nerves,  it  may  or  may  not  expel  more  blood  in  a  given 
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lime.  If  it  does,  the  btood  prvsKuro  increaws  (suppn^iiiK  tli«t  Hie  caliber  nf 
the  vBwelrt  has  not  olianped) :  if  not,  the  pressure  reiriains  the  same.  For 
u  quicker  rnte  does  not  necessarily  imply  greater  eiu-rgy  of  tlit'  lit-art  U*at, 
anil  so  iloos  not  of  necessity  produce  a  greater  imtpiit.  Now  it  is  evident  that 
anIcHs  the  total  output  in  a  unit  time  i»  iiirrearted,  the  quantity  nf  lilond 
coming  baek  to  the  heart  U-lween  two  i*yst»))w  is  lewt  with  a  rajiid  pulse  than 
with  H  tflow  one,  or.  Id  other  words,  the  puiNC  volume  is  leat*.  lU-nce,  the 
blood  preK-surc  following  aceeleration  will  depend  upon  the  reeipmeal  relation 
between  the  inereow!  of  pulse  rate  and  the  decrea^  of  puUe  volume. 

Direct  inreittigntinnK  of  thi^  subject   hare  reiniUfd  in  shoving  that   na 
general  law  eau  be  formulated.     If  a  large  quantity  of  blood  is  found  in  the 
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nminuri>  rurvo,  iilwivrinK  »  itliglit  fitll   iiniW  f««bl»  Klim  Hist  ion  of  tIkC  VUUI. 
iroiu  ri|thi  Id  Ml     'riie  (imv  of  atiiiiutalioti  ia  lndloal«iJ  by  tliv  iww  vrMird 
I    —   un  MKUlUtl. 
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great  Teins,  and  in  only  waiting  an  opportunity  lo  get  into  the  heart,  and  if 
tlir  nxtistaniH-  in  the  arterial  r'yftteni  i^  j^iiftieiently  high,  neivleration  may 
produiv  a  eonpidernble  inerease  in  blood  preA^ure.  If  tln*sr  eunditione  aru 
not  fullllleil.  the  inerea-ted  frcpieney  will  occasion  no  rise  in  presiture  worth 
mentioning. 

2.  Rfsistanfe  in  ihe  Arterie*. — Tt  is  erident  that  with  a  given  heart  energy, 
if  the  resisLanee  in  the  vessels  derren>wft,  the  pre^ti'un'  al.so  muHl  decrease.  If 
the  r«8i«tancv  increoi^es  tlio  pretwure  also  niu^it  increase. 

A  fall  in  presKure  in  conitequenre  of  diminisJtrd  r^mtance  occur*,  if  the 
Tegsel»*  in  a  targi>  vutieulur  region  lot^e  their  tonux.  Not  unlv  the  arlerii^,  hut 
the  vvin^  as  well  are  Id  be  cont-idered  a»  taking  u  part  ui  thi»>:  for  the  tat- 
ter pCMiAP!»  a  rrrlain  tonus  with  thr  di)^i])p4>flranre  of  which  titer  are  lYinxid- 
wablj  dilated  and  &o  can  contain  more  blood  tlian  usual.    Hence  the  blood 
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stagnates  in  ihc  veins,  ami  iUs  flow  to  the  lifiirt  i^  kyttoned  r/inrfidcrnhlv.  The 
fal!  in  blooi]  prt'-Htiurt;.  tlierofor<^,  is  ocrn-sinni^l  not  only  hy  llw  diniiuisheJ 
rcsistaiKt;  but  also  by  tht-  duUcieut  (low  to  iIil'  livait. 

The  ri'jtuitancr  in  itif  vefuteh  u  infrenni-d  eitli(.T  by  con^lrictinn  in  a  large 
:!ular  area,  or  hy  comprcii.sion  of  a  largo  arterial  stem,  for  exaiiiplt!  the 


Kin.  7K. — Blood  pnMHiirc  ctiric. -Iinnina  ik  |ir.iii.nitn'<'(I  (nil  t\w  tii  'jIuv-iiik  "f  ihi-  livnrt,  a*  llip 
ri«tiill  of  vnipia  irtiiaulutiiiii  tit  mrdiuiii  iiilctiaitv.  Tu  bv  mul  fruiu  ri^it  tti  Mt.  Tlie 
time  (if  utimulatiuD  ia  indicated  by  ihv  ivm  vi?Ttid?iil  Vian.  \~~  1    -  t«n  wHvmd*. 

abdominal  aorta.  In  Ihe  lir-^l  caKt?  1hi>  blrHxl  How  to  iIir  lieart  la  at  the  Bamc 
tiint;  antiin,'Jik-d.  sinw  tlie  lilood  conlaiiK-ii  in  tin*  virww'fM  i-*  driven  forward 
hv  their  eon  tract  ion.  It  is  possible  thea^fore  thai  a  larjjer  ijuanlily  of  blrwvd 
will  be  espelhnl  hy  the  heart  under  these  eircii instance!*. 

I(  might  Ih-  suppoaed  thai  hy  conipn'snion  of  the  vp.'swls  tlie  pre«siiPi«  cniilil 
be  fiirrfd  up  inde(iiiiti?ly.  But  thi.«  i*  rot  the  rase.  Tlie  refi^'X  niiHliji[.'il  i.y 
tlif  depnsisor  nerve  cnines:  into  play,  po  that  cither  the  vessels  are  flilat«*d  or 
the  heart  lienbt  an:  retan3<^l.  But  <*ver  if  (his  reflex  faiU.  there  i-i  tin  iijipiT 
limit  to  the  blood  pr*NhiiPi'  ln'Viind  which  it  cannot  p.XiW.  The  nctiriti/  nf  tfie- 
hfiift  i^  not  nnfirriil^ii.  aiid  wo  have  (.'0<>d  rea-wn.  based  on  many  ni»H>rvBltoiis, 
for  asrterting  that  with  a  high  r&iistnnee  in  the  TC^iels  the  quantity  of  Wood 
expelled  in  a  given  lirno  actually  diininit^has. 

3,  Quantiti/  of  lHooit. — Investigations  on  the  infliienci?  of  the  Mii'id  vnlume 
gn  to  -ilium"  that  when  the  vessels  are  overfillnl  the  Idnod  pri's^urc-  dc»es  not 
exceed  the  nnrmal  physinlnpical  limits,  and  that  wht'ii  llie  veAwU  (v>ntain  less 
than  the  normal  quantity  meehanisms  arc  at  hand  for  the  piirjw'sf  "f  main- 
taining the  hlnod  pressure  at  its  iionnal  height. 

Ia  what  fdllowit  we  ithall  consider  first  the  results  of  adding;  to  the  normal 
quantity  of  fluid  in  the  vessels.    IaH  us  suppntte  that  blocHl  or  kodh*  ether  hano- 
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\fm  fluid  is  transfused  iuto  the  voius  of  oji  aniinnl.  The  iran^fused  fluid  iIocb 
not  nil  gu  U)  liiu  lirnrl  ui  oiioc;  u  cuiiaitloriiblu  pari  of  U  remains  in  the  rtalral 
veins,  which  thus  be^xinif  ov«!rtillrfl;  miii  in  the  Uvfr,  which  iifrer  thfc  tranafu&ion 
oi  n  Inrge  quantity  may  becunii.'  ubnunt  an  han]  u>>  u  b<iarcl. 

i'urthermoru,  tlie  tutire  quantity  uf  traubfused  fluid  dwH  nnl  rcmatu  in  the 
vitsrular  «j*«tc-m.  for  the  vtwsels  rcliuve  thitnisu-lveB  by  transudation.  The  natiipe 
of  the  fluid  has  much  to  do  with  the  lunount  transude  By  mpauM  of  blnnd 
c>uiit.4  il  hai  bfeii  found,  fur  <-xftinpl<^,  ttiut  art<^T  traiiafueion  of  bhvd,  about 
half  the  quantity  trunt>fus«l  remnins  in  (he  vfis^els  at  the  end  of  the  first  day; 
while  if  diititled  water  is  used  in  trflnsfitflion  the  blood  fiuickly  reoovore  its 
normal  cm^tituiion  (Wnrm-XIiilier,  lipR^iyl, 

AloDK  with  Iramtudflliun  the  aecretor)/  aelirily  uf  Ihe  iflands  increases  and 
ihis  ccHtpiiRihs  Lo  iliminiitli  iltr  quantity  of  fluid  in  the  vp-t^eU.  Pariii^uUrty  is 
this  true  of  the  mucous  membrane  of  the  inleatine  and  of  the  kidneys.  If  a 
Nari  (kdntion  be  Iramfuf^ctl  not  t<x>  rapidly  into  n  vein,  after  some  time  trana- 
fuKion  and  (*eretion  of  urine  eiariUj  halnncf  eneh  other  (DHstn*  and  l»ye). 

lliu^  by  traiisuiiaiiou  and  seeretioii  the  quantity  of  fluid  iis  Kradunlly  bmught 
bark  to  the  normal.  Rut  this  takes  plaee  as  a  rule  nilher  slowly,  uud  other  fac- 
tors mt-ontime  mUKl  ?tep  in  to  regiilnle  the  blood  prej^ure.  One  siieh  fartiir  ie 
^asaddalion,  by  means  of  wliit^K  ibe  resiRtanee  in  the  vessels  i«  lowered  (Worm- 
illw).    Anotlier  ia  the  activity  nf  tht'  hF?art,     If  t«m9fu.iiion  be  performed 


Fro.  7D.— IUoihI  |>fT:mtir«  curve,  ihowint  a  sudden  lall  diw  to  Btopjwgo  of  tlie  b«urt,  as  tlie 
rwnli  lA  Mrtini;  niimitlatina  nf  thr  vngu-i.  The  time  of  iitiiautBtioD  Jndicalad  by  the  two 
VcrticAl  liiMv    I  I    -  ton  eecoDds. 


i^iiwly  enouKli.  'he  heart  is  able  to  throw  a  eorreapondingly  larRer  QUflntity  of 
blond  into  tb«  vfi»>>1i'  and  «o  lo  presem>  the  cardiac  pnMHuro  within  safe  limits. 
But  if  the  imn^fupion  take  place  more  rapidly,  or  if  the  total  quantity  trans* 
fused  be  very  larye.  the  heart  may  drive  more  bloiMl  into  the  vcanels  than  lit'foro 
the  transfusion  but  not  enough  to  prevent  siasU  of  blood  in  Mi;  heart.    Finally, 
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thp  quantity  Iransfuppd  becomes  im  prrat  lliiit  Mumer  i>r  IhUt  t\w  dvmwudK  upon 
IIk-  hi'(«rt  nn-  r-xci'W'ivc,  mid  the  Hrlfriiil  blrxMl  prvshure  falls  in  spite  of  the 
abimrnistly  InrRf  (juantit.v  <if  tluid  in  the  vostteli^.  One  t^niiifiinH'K  incfts  with 
fUM-s  whi-n-  the  lioarL  w»irk«  iiowiTfiilly  mnnph  Hiirinp  th»?  trniisfu»io!i  to  ovcr- 
fonip  the  iiicrc-ftsod  qnantit.v  of  bload.  biil  laler  in  thv  c«>ui>e  of  ihe  fxpt'riuninr. 
after  tmnsfuKimi  hiii*  <.i'a»eii,  ».vui|»lotiib  nf  aciiii'  faliprii*!  midilrnly  aiijK'jir.  In 
»udi  cfl«t«  the  h*'art  may  be  relieved  Biid  dcuth  owrtt'd  by  withdrawing  a  auffi- 
cieiit  qUfintity  of  bUtml  from  the  ves»w?l». 

We  hiiv<>  in  the  cireiinifttiTU'*'«  mciilioued  above  Ihe  explanation  of  heurt 
we«kin?M  whieh  sometimefl  foUowB  inge«tian  of  very  larRe  quantities  of  fluid  by 
voy  of  the  stoiiuich. 

The  rt!Ter»e  pnwesseB  tnke  pljiee  in  htnndlf.ltinrj.  The  henrl  rmjifies  itself  is 
eomplptfily  as  pOi*«ible  und  drives  the  prealest  |io«?tiblo  qiiantity  of  bliK>d  into 
the  veMolfi;  the  vessels  eontrBel  and  thereby  present  «  biffh  n(-:*intaiif*  tn  the 
bldrxl  ittream;  llie  kidneys,  Haliviir^-  Khindf  and  probably  all  Ihe  other  frlandw 
dimipifih  their  seeret ions,  and  there  occurs  an  inereu!*('d  |iH!<8iitre  of  fluid  from 
the  [ymph  to  the  blood  v<>»scIb. 

By  the  efwipcration  of  Ihesp  fartois  Ihe  Moad  pr^niurf  !inder  nnrnia!  .cir- 
putiiNtaniTfti  vnries  in  jtetienil  n-\lh\n  rt'lhrr  nrirrou-  fimif.s.  notwilhritaiidiiifr 
the  man\  inlluenit'!*  whic-Ii  (end  tr)  chaiijj^*  it  in  l"ith  dirL-etioiif.  AiKi  _v<*I, 
in  order  to  proclufc  iiignilicant  vuriations  in  llic  pressure  nrtificially  it  Is 
often  D«c.-u>tiary  tn  ui*c  only  rerr  weak  stimulation.  In  fact,  the  Klinuilus 
may  he  m  sliffhl  that  at  timef  one  is  wholly  at  a  Io!*i8  lo  make  ont  the  cause 
(if  lht>  f^iidderi  increase  or  de<reHse  tn  prtvssure  which  pr'siills.  Mure  on  ttiia 
eubject  will  lio  fownd  umi^r  the  discussion  of  TEiwmnlxir  nerw«. 

By  means  of  an  instrument  eonstnicted  on  the  prJin-iple  of  the  Rascli 
SphygnioniftiioiiK'ter  and  applied  to  the  rudiBl  artery  of  ninn.  the  blood  pressure 
in  the  Kitting  or  nwtinlnR  position  was  found  by  Hill  and  Barnard  to  be  IIH)- 
]l>8  mm.  llii.  Jt  n>fie  to  120.  130  or  140  mm.  under  varion"  inHutnee*  sut-h  as 
btwlily  movements,  hul  aank  airaiii  very  pay)idiy  tim-anJ  the  value  for  rewl  when 
the  rnnvements  ceased.  The  blood  prettsun-v  is  raised  also  by  a  eidd  hatli.  but  in 
depressed  by  a  warm  one  CEdpeeonibe  and  Bain). 

BloofI  prttmrt  in  the  tarye  artrrien  is  not  much  hi^Eher  than  in  those  of 
Rmnller  eaiilier.  and  decreases  only  slightly  therefore  with  the  difrtance  from 
the  heart.  Espeeially  is  this  true  of  diastolic  jiresKure,  whereas  differences 
of  systolic'  preissun?  are  greater.  The  cause  of  this  slow  fall  ia  pressure  in 
the  arterial  sy.^tem  is  purely  hydrodynamie  In  nalure.  The  rcrii^lance  apainsl 
which  the  blood  puhlies  in  Ihe  larger  arteries  is  small  in  comparison  with 
that  to  which  it  is  sttbjected  in  the  smallest.    The  conftetfuenr^  is  that  the 


I'  From  numerous  compsra-tive  obaer^'ations  made  on  dofa.  Dawson  cuneludo«  that "  In 
voiuodering  vanotions  in  the  B>Trtolie  prwwire,  it  i»  at»eo]m«ly  i.>«>wntiKl  to  dinlinRuijih 
bvtwoen  end  pnw«un>4  obtained  from  thp  firanrhrti  nf  thp  initin  arloriid  trunk  luicl  tl)i»« 
obtained  frnni  the  'nnin  trunk  ilirlj.  In  t)io  forinvr  rxxe  tliK  MVitolir*  prriwiirp  kIiciws  a 
Hteiidy  and  (-urusidernble  falliut!  olT  whk'b  Ijoconiiis  uppwivnl  in  end  preniurce  taken,  for 
oMiriiplv.  iu  the?  tiiyroid  arteries,  in  branehcp  »n«inic  (rum  tlic  axillanF'  and  in  hnmcltta 
from  the  lower  [airt  of  tlie  anrtiw-femnral  trunk.  >Micii.  however,  (he  systolic  end 
pnnun  ia  t»lcen  in  the  main  arterial  tnmk.  it  in  found  that  thifi  pressure  either  remains 
hig^  (sxillaiy  aitd  bmrbiiiU  or  matj  itm  grtatly  r-7t»ed  the  corresponding  laterkl  preeeurM 
in  the  aorta  (Iliac  end  (cmoml)."— Ed.] 
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driving  power  Ik  not  coniiumnl  rnpiilly  until  tin?  Bmallest  nrlcricf  are  readied, 
and  lK>m-e  tliu  [«ll  in  prfsiture  in  (lie  l&tge  and  imiliuin  »iziid  arkTieA  ii«  onl^ 
relatively  itmall  (cf.  page  22a). 


D.    VELOCITY   OP  THE   BLOOD   IN  THE  ARTERIES 

There  aro  two  waj-B  «f  dvtL-miiuiitfi  ihc  Telocity  of  the  blood  in  the  arteriea, 
apt'ordiiiff  as  one  wUIu-h  to  otttiiin  llie  mi'iut  vclm-ity  in  unit  tiinti,  or  the  varia- 
lirms  ill  sp«^l  which  tnko  pluft-  during  u  -tiiyrlc  ht'Hi't  bout. 

Thf  vt'loc'it.v  f«ii  iiiily  Itt-  dt-lt^niiintM)  by  plncini;  ihf  ncceasary  apjiaratiii 
directly  in  the  path  uf  i|ih  Mimj*!  without  iiitt'rnipiinfi  ii.s  flow.     Berera)  fornu 
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Pin.  so. 


Flu.  81. 


Fia.  80. — Ludwi^t**  AronnwAr  or  "  ntmnt  dock." 

Fm.  si. — ClMUrcau'a  haanadrutKiRraph  witli  nir  inuunuiaioo.  n,  llw  DCMlle:  ft,  snull  p;»l* 
on  ttir  ppttiluluin ;  t,  tt  UutibcMir  iiiBiwnfnt  li_ir  Ui*  atfokaa  of  tbr  pendulitm.  Thf  t>lnail 
lluum  in  ilic  dirrrtitm  ol  \\-nr  arruw.  m,  u  linnl-rubtaer  numhnuke  whicit  aKrvm  m  u  ltd  for 
llir  mlickl  lutw  anil  v  u  lutcrum  fur  thn  pmdulnm. 


of  apparatus  haTo  bi-vn  const nictcHl  for  this  purpose,  the  bent  known  of  wllie! 
U  Ijidwis's  Stromuhr  or  "current  clock"  (Fiy.  W).  It  cunsiiita  uf  two  glaMa 
bulba  of  equal  HJrA'  (/I,  /f )  which  ('oiiiuiunicati-  dint-il^*  with  each  other  by  metina 
of  tho  U-shaped  tube  aboro.  By  means  of  the  opeiiing  ut  the  tnp  oil  in  plaivd 
ill  one  bulb.  A,  aud  unit  solution  in  the  ullicr,  B,  and  llie  o|»eniiifi  i»  tlien  clo»ed. 
The  two  fluids  are  in  contaet  with  each  other  above.  The  tube  A  in  now  con- 
nwted  with  the  oeniral  end  and  the  tube  ft  with  the  peripheml  end  of  nn  artery. 
Vtlien  the  arteries  an*  uiiL-liitiipe<l  the  blimd  fluw*  intu  A  and  drives  the  contained 
oil  over  into  B.  the  snalt  solution  meantime  bi-inir  forced  into  the  peripheml  end 
of  tlu'  artery.  When  tlie  WimmI  ban  completely  filh'^I  the  bulb  .^,  the  two  bulbs 
are  revenMil.  «m>  tlmi  the  blood  flow*  now  into  B,  diMplacine  llie  oil  one»"  more 
and  driviiur  the  bloitd  front  A  into  the  peripheral  end  uf  the  artery.  Tliu  cnpncity 
of  ihi-  bulbrt  bciii^  known,  by  counting  the  number  of  rerertalit  neieettsary  otM 
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cATi  cnl<*ultt«  the  ToluiM  of  blood  which  flow«  tfarouich  iho  artery  in  a  ctrtaiii 
linK.    Jtt?KUlerinff  current  clocks  have  been  devised  by  I.u<]iri}{  uii<j  llurthle. 

Ill  ordt-r  to  di-tenniut;  ibe  variatiuuri  of  sjiovd  accuiu[Nin,viup  a  ^iiurlv  ht-art 
bt-al,  Vierordt  employed  n  hydrojnetric  iteadliluni.  If  a  iKtululiiiii  Ix.'  hung  in 
a  vum-iit  of  Uuid.  thv  It-iitfih  of  it«  swintc  will  dcpL-iid  on  the  litienr  vf|i>city  of 
tbe  cum>nt.  and  on  a  small  scale  it  will  n-prtHluc*;  (N>nv<;l.ly  nil  the  variations 
of  speed.  Chauwau  coiini'L'tM]  this  [K'tidulutu  with  a  writiiip'  Ismbour  aiitl  by 
tbift  mvaiu  n.iii?ler«d  diivctly  tbe  variations  in  speed,  oud  after  gruduatiug  the 
instrumeuL,  determined  their  utwulutc  values  (Fig.  81). 

The  following  results  may  be  mentioned.  The  amount  of  blood  expfUtd 
per  second  by  iho  loft  heart  of  a  rabbit  (of  I.f5&  kg.  iHidy  weight)  into  the 
aorta  is  on  tliv  average  IMo  v.v.  Tlie  vjitreineA  in  a  i%rii':£  of  fourUvn  exjfori- 
ment«  were  it.9 1  and  3.76  crf„  tlie  mean  wa*  S.  10  c.c.    The  mean  linear  velocity, 


82. — Vl-^oc^ly  eurvc  V  mwI  prrtBurr  curvt  P,  earntid  at  the  Itonw.  »flrr  l^rtrt.  Tb* 
Unm  L.  2,  3,  4  civi?  tl)«  t.t>m«pon(liDC  puints  on  the  iwu  rurv«R.  M  I  tlw  bkxKl  m  foKcd 
inUi  Uk  MorUi;  liriwecu  3  mnl  4  tlir  srtmluiiM'  v«lv(s  an-  tiamad. 

calculated  from  the  diameter  of  the  cannula  tied  into  the  aorta  w**  1?8  mm. 
per  second    (L*.vtfvm«  i2  tinil  310  mm.). 

Duriug  »i/>tole  it  is  evident  that  the  velociti/  ijt  greater  than  during  dttuiole 
(pf.  Fi(t.  82).  In  tlie  carotid  of  the  horse  lx>rlet  found  530  mm.  per  second 
in  syslolp  and  I.SO  mm.  per  .*econd  in  diastole.  At  the  md  of  dia-tiolp  the 
vcttK-ity  in  the  peripheral  arteri(»  is  f^realer  than  in  the  central :  while  ut  llie 
l»t^nning  of  syntole  it  incr«8««8  considerably  in  the  central  and  only  jdightly 
in  the  peripheral. 

Ill  flo^p*  with  a  mean  body  weight  of  about  II  kg.  T«huewsky  found  for 
Ihe  vplotity  in  the  carotid  and  crural  arteries  the  valoes  smnmariwfl  in  (In? 
fullowiiig  talile: 
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Thus  (he  velocity  is  hwu  to  increase  cnnhidoralilv  after  swiifm  of  thu  nerves 
coiitri>l!iuj5  tlie  arteriei*.  aini  to  In-  (.on.tlJeralily  greater  in  the  farotid  tlian 
in  the  rniral.  One  cannot  therefore  draw  c-oQcliwions  aa  to  the  Telocity  in  one 
artery  from  determinations,  ttiudf  for  uuotlier. 

Wlifu  uiiL"  uirotid  i!i  tigated  the  velocity  in  the  other  increase*  malerially, 
as  for  example  in  two  dogs  of  13.7  kg.  mean  body  wcijiht,  on  iht  averap! 
from  2.63  c.c.  iind  S!B(J  mm.  ])t?r  second  lo  3.4?  i-.c.  and  35tt  mm.  |K'r  swroud. 

IJkewim;  the  velocity  increases  eonsideraljly  after  a  temporary  comprtanon 
of  the  artery,  a*  for  example  in  the  crurnl  (dog  13,2  kg.)  (ram  0.783  c.c.  and 
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Flo.   fl3.— PlethvmnoBniph,  »ltrr  FVk.      a  r,  Ihe  cytiodw;  m,  nibbifT  cuff  by  which  U»e  cj^IiliUflr 

ta  oude  to  fit  ur-tigbt  ovar  Ui«MiD;r«,  nwordipg  mooomMrr. 


140  mm.  |M'r  sceond  liefore  comprPi«sion  to  1.258  c.c.  and  255  mm.  after.  The 
prt-'sj'iire  in  ImtU  ca^i*  wiis  8Vi  mm.  H>r. 

On  acroimi  of  the  dilatation  taking  plart*  in  the  arteriolw  of  an  organ 
during  its  arfivit^.  ihe  veloeity  is  increniJeti  oonniderahly  in  the  Brt(*rie-4  sup- 
plying it.  Thus  ChauTean  oligorved  tluit  the  yeloeity  in  the  carotid  during 
mastication  ro>p  to  five  or  n\  time*  it.*  ii«nnl  height. 

Finally,  when  the  ves^plfi  aiv  dilated  as  a  result  of  sertton  of  the  spinal 
^•ord,  the  velocity  inerca^es  during  st.v'stole,  but  ia  extremely  small  dnriog 
diai:>lole. 
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In  man  the  variations  of  vttocity  in  itie  peripheral  arteries  can  be  orti- 
raated,  hut  no  ahsoluio  value  can  be  nbi&iiied. 

To  understam)  ihe  principle  cif  Ihe  inotlK^  employtni,  we  must  b**ar  finn!y 
in  iniiid  tbut  the  bluod  in  the  peripberni  veins  flows  continuously,  oxbibitiug  a» 
fL  rule  no  vBi'iation  due  to  thp  heart  beats  or  to  th^^  respiratory  moTt:-mciils. 

If  a  part  nf  the  body — for  examplp,  an  arm — be  placed  in  an  air-tight  cvliii- 
der  the  cavity  of  which  is  connected  with  a  suitable  recording  dovirt-.  a  Marey 
tambour  or  manometer  (plethysiuuKriiph,  Fig.  W),  b  curve  is  traced  in  which 
tile  separate  heart  bpHts  appear  clearly  marke^l.  The  rariatious  thus  rceordi-d 
are  paused  by  the  variations  in  the  volume  f>f  ihc  arm.  and  the  so-called  plethya- 
mographic  curve  (Fie.  Hi)  is  therefore  a  volunieirie  curve. 

Since  the  return  fliiw  in  the  vcim*  ih  con^liint.  the  viiriiilioin  arc  priHlui^^d 
hj  fluctualions  in  tht  artfrial  Aqw.    When  the  curve  rises  the  arterial  inflow  ia 
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Fin.  84. — PlrlhriuniiErB.iihic  cuire  (the  upper  blAck  lioc).      Pu.I«p  curve  (thr  Jowit  block  liar), 
&nil  votucily  curve  (red)  io  man,  after  Fick.     To  be  read  from  Mi  lu  ngltt. 

greater  than  the  venous  outflow;  when  it  t^iiiki^.  the  inflow  is  less  than  the  out- 
flow, and  when  the  curve  rami  horiwrntally  inflow  and  outflow  balance  each  i>tber. 

It  is  clear  however  that  the  volume  changes  of  the  arm  will  follow  more 
quickly  the  more  rapid  is  the  tlnw  of  blood  to  the  ariu.  Thus  if  we  <!stitnale 
the  Kteepnesa  nf  the  ehan^'es  in  dilferi^iit  --ections  of  the  cun-e.  we  can  r-onstriict 
a  Telocity  curve  from  the  volume  curve  (Kick).  In  Fig.  84  Ihe  rcn!  line 
reprcisenta  the  velocity  curve  derived  from  the  volnrae  curve  (the  U[)pLT  line). 
Its  aiinilarity  to  the  curve  recorded  by  means  of  the  hvdroruolrie  pemluliim, 
and  pictured  in  Fip.  H'i,  h  unmiMnkable.  In  both  we  have,  afler  a  sharp 
rjae.  a  fall,  upon  which  follows  an  increase  in  velocity  again.  The  latter 
coineiilfis  in  time  witli  the  so-called  dicrotic  wave  of  the  pulse  curve  (cf. 
below). 

M     THE  ARTERIAL  PULSE 

A.    THE   MOVEMENT   OF   WAVES  W   ELASTIC  TUBES 

TmaRine  an  clastic  tube,  tilled  and  distemled  with  water,  to  be  divided  by 
fixed  lines  into  the  Moments  a,  b.  c,  d,  e.  f,  g,  h,  i  (¥\g.  6A>.    The  pixton,  we 
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will  Bupposff.  ban  drivpii  ihe  wnU-r  from  the  ri«id  tube  (k)   mio  the  dialPHflil)!* 

tube  (oi),  with  a  vcltx-ily  at  firat  incrcHsinR  and  then  diminishing,  nnd  h«*i  thus 
dilated  the  tube,  while  the  natpr  ooiitfliiu-d  in  the  diffenciit  ■w-ftmL-nti  h«s  k-ni 
givfii  u  vcliicitj-  ir»ncat4'tl  by  the  immlM^r  of  doitet]  nrrnwn  in  parh.     If  tlion  the 

rinir-fihappd  flpctioiis  of  thp  wnll  int'loning  the  srKi>"'iH->*  cxort  n  pressure  iiji'iu 
the  fintnincd  liqui)!.  the  amount  of  which  i«  r«pn:BL'ut«l  by  the  Boliddino  nrrowa, 

it    18  evideut    tbut    ihu   purticlps  of 

water    contained     in    the    »egtncnte 

'.  /i  ff.  ft.  will  be  accplPTOted  in  the 

dinvtion  i  (tiinco  ihey  wptv  nlivHdy 

murinK  in  thi«  dirvctiuu).     On  the 

uthur  baud  the  particle  cunlaiuc*l  in 

iht'  tu'^Ripnlit  rf.  €.  b.  a  will  Ik*  re- 

t«rdc<l  in  thfir  moTPment,  sin**  tho 

pntMunr    indioRl<.-d    by   thp   wilid    »r> 

rowfi  in  exoried  in  the  direction  of  k. 

Vor  ihi-t  n>fl»iim  tlip  liquid  in  a  comutt 
to  rest  within  thp  m-xt  few  moments,  nnd  the  diittendi>d  wall  of  thifl  aeg-inent 
n-turiiii  to  itx  oriKinul  diiimpter.  During  tho  samo  time.  th«?  WHtor  in  Mfnui^nt  J. 
whieh  until  now  had  nul  been  mored,  is  pushi'd  forvi-ard  and  ilH  wall  i»  diHlPiuU<d. 
ThiiH  tliL*  wava  is  profiayalfd  from  one  .segment  to  another  in  the  din-elion  uf 
llip  ihiiiMi  arrows  (E.  II.  UVber).  The  water  ])n'«afH  upon  tlie  wall  of  the  lulw, 
the  wall  in  lurn  prcsiwji  upon  the  water,  nnd  thp  wave  ttpresdi)  with  n  velocity  {!'), 
whieh  i*  inversely  pm|inrtional  to  the  Kquare  rix>t  of  the  speeilic  gravity  (A) 
of  iht>  liquid,  and  of  the  internal  diameter  of  the  <ul>e  (<l)i  directly  |ir<i|Kirtional 
to  the  eiiuare  rxHtt  of  tho  wall'fl  thickness  (a)  and  of  its  elastic  coefficient  (f)j 


Fta,    S^i.— Sotioma   illuinralinic   R    II. 
th«ory  of  the  pulH. 


(Moens).    The  1 


ifui   Oi    iiju  wail  B    iiiicRiivns   (,Uji   auu  ut    lia   vuiaiiu  vi,wu«i:*t;(«i   \>^^h 
aw  i«  expressed  hy  tho  following  fonnula  V  =  k  \/*rj  i»  vhi«l^| 

i:  is  n  constant  ond  g  is  the  aecplerntion  of  frmritntion.  ^1 

The  wave-  is  changed  in  foiTu  more  or  less  in  itn  propagation  throujth  iho 
lube  by  tbp  rettUtance  tlue  to  ffirtion,    It$i  heighl  is  Icim  and  itx  leiiKth  grentec^— 
than  if  there  werv  no  friction.  ^| 

The  moment  an  elnt>tic  tube,  already  Riled  with  an  ineomprewible  liquid. 
recpiTPB  sn  extra  quantity,  a  varr  of  inrrerised  presaure  is  slarU'd.  and  in  pr\>pa- 
gnted  niong  the  lube.  If  the  flow  ho  miiintained  for  a  time,  the  pri^Mure  ko4-pM 
a  certain  level  for  each  point  alonf;  the  TuIm-,  rbe  value  of  which  ia  determined 
by  ihL  same  laws  thai  apply  to  i!k-  flow  of  a  liquid  in  rigid  luUrs  (ef.  jMige  ICB). 

If  one  end  of  an  eliiBtie  tubi?  filled  and  dtatended  with  water  he  suddenly 
relaxed  hy  remoral  of  a  qunnlity  of  water,  a  fall  in  prpfunire  is  propagated  in 
the  form  of  a  mgalive  wart  to  the  other  end  of  tlie  tube,  Likewise  if  a  regular 
current  flowing  through  an  oi>en  elastic  tube  be  suddenly  ch»vked,  a  negatire 
wa\'e  is  n?t  up  which  tmvcis  in  the  dimrtion  of  the  current.  ^H 

Ikvidps,  if  the  tube  be  not  so  long  that  wave<i  ihus  set  up  enlirely  disap-^l 
pear,  ati  the  result  of  fripli<'n.  new  onen  will  ariitc  by  reftertion  from  the  end  of 
tbo  tube,  whioh  will  niaterinllj-  affe<M  tin-  w«ve  movempnts.  If  the  end  of  the 
tul)e  whprw  the  reflection  occurs  be  closed,  the  ware  will  bo  refl^'cted  with  the 
same  sign,  a  positive  wave  as  a  lu-w  po»itiw  wave,  a  iiegatiTc  wave  ns  a  new 
negative  one.  If  the  end  of  the  tube  be  open,  the  wave  will  he  reflected  with 
tta  sign  reverfwy),  a  nrgalire  as  a  positive  and  a  positive  as  a  negative.  Tlie 
aame  wave  ma.v  by  rejjeated  reflection  run  the  length  of  the  tube  several  times. 
If  the  end  of  the  lube  be  only  |iiir1inlly  cIommI.  every  primary  positive  wave  will 
be  transformed  into  a  reflected  one  which  is  partly  pot^iiive  and  partly  negative, 
IS 
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Since  bolh  tliest^'  n-flL*('t(.-d  wuvv-?>  1ravi-l  tliruiiiili  llic  lube  with  tlic  »aaie  velocity 
mill  iiaturulty  iiitprft'Pe  willi  t-noh  other,  it  (|pncrnl!»  cm  tin?  di-gni*  of  ruii»tric'tioii 
whothtT  thi-  iilgclrfiic  sum  uf  the  two  will  be  a  positive  or  n  necntive  wove,  or 
will  bf  nil  (Orjwlify), 

If  fruui  u  KiiiiiiL-  lube  .1.  n  side  branch  li  be  itiven  off.  uvt-r*'  wow  which 
riiiirt  ihroiiph  A  will  traverse  nlw  ihc  lirntich  H:  n3nl.  it  mutters  not  wlii-rlicr  the 
wave  ariws  in  Ihe  widf  nr  in  the  narrow  tube,  it  will  Inivi^Twe  hutli.  Thif*  stnte- 
meiit  h<,'bjs  ul.-«u  for  a.  coiiipk-x  t\>tfm  uf  tubes,  and  we  may  s«y  in  Rfncral  that 
wht-ii  u  wHvi>  tiliirts  fnim  niiy  poltiL  r>f  a.  hruimhiiiK  itystcni  uf  vessels,  it  is 
propagatKil  to  all  the  branehes. 

Kfflfction  tulcM  plaee  in  siifh  n  aystpin  at  evvvy  diTidinff  place.  But  if  the 
v«>ti>cit,v  with  which  Ihc  wavt«  arc  prci|.>a(rati-d  chauiicn  ul  nny  point  in  ihe  siirao 
proiKirtinn  an  the  erowi  st*ction  elianires.  iii>  reflation  (weurs  (v.  Krios). 

All  Ifie  cuntfilivnt!  (or  the  uriuin  uf  priiiiury  and  rt'flw'lcd  waves  und  of  iiiter- 
fcri'ticv  arc  found  in  the  arleria]  nyKtwiii.  Th«  diHiculty  cu[]»;ist)i  only  in  isululiiiK 
from  anioMK  ihc  theon'tically  possible  movements,  thoae  which  t^ause  the  jwculi- 
arities  of  the  arterial  pul«>. 

B.   THE  PULSE 

The  ancient  physicians  elislinguisthcM!  in  the  pulse  a  number  of  different 
qtiiilitictt,  which  eaii  he  riHliieef]  to  fuur:  frequtnv.y,  gixe,  veioiity  and  hardnem. 

With  respect  ti>  frecineney.  the  riipidly  re]«'iited  pii]:*?  (pulAuit  frt-quenx)  is 
to  be  distiiijfuished  fmiii  the  leaa  frei)iienl  (rurM*).  With  respect  to  size  wc 
have  thv  lunte  {fnagnux)  in  which  the  expansion  of  the  artery  under  Ihe  fimrer 
IH  lartre,  and  the  xmall  pultte  {.parvus)  in  which  the  expaineiotl  is  atnoll.  With 
respect   to  vchicity  the  4iuit'k  pul;«]  {^celer)   in  which  tlic  arler>-  pres,ie.t  against 

the  finger  snddenly  and  di-^apiK-ars  mid- 
<!eiily,  can  be  diwlingiiished  fiimi  the 
stuKlci^h  pulse  {tardus')  in  which  the  iui- 
jiaei  ill  more  proIonpcJ.  And  with  n*- 
tfpect  It)  haniness,  thft  pulse  {durus) 
which  eiin  he  com|ireM>ied  with  diHiciilly, 
can  he  Jit^tiiiKuiiihed  from  the  one  {mol- 
lia)  which  call  be  eaoily  obliteralcd  by 
l)n'asun'.  On  the  btisifi  of  these  four 
fnndiimontal  riiialitii-s  »  aeries  of  otliet 
ipiiililieH  cau  be  iiuiued,  hut  we  shall 
uol  diwuss  tliem  furtlier. 

Flo.  80.— Th*  npri»)c  of  M«»yV  .T*j-mno-  Knowledge  of  the  pulse  hn*  mflfle 

arapii.  rapid  progress  ^inw  K.  H.  Welier  j^ve 

it  a  mechanical  explanation  (ISfid) 
and  Vicmrdt  showed  that  it  could  lie  prapliicully  rcrowJed  (185.1).  The  (ir.-»l 
pulw!  rceunicr  [Hpht/iimoffraph)  to  give  corrwt  pulwj  curves  was  conHtrueled 
w)mewliat  later  (l***'*')  hv  Marey. 

The  ni.)«t  imiwrlant  part  ..f  the  sphyinnoprnph  CF>g.  8fl)  la  the  steel  spring 
(p)  with  a  eoiitnel  surface  to  be  placed  over  iKi-  artery.  Thii  upriiiK  r<^(mnd)i 
lu  (he  movenienl*  of  the  arter?-  and  transmits  Ihe  movements  to  the  writiuK 
k'ver.  which  ma^ni6w  and  recDnls  lln-m  on  a  wrilinfr  surface  driven  hy  a  small 
oJoekwnrk.  The  movements  of  the  spring  are  transmitted  to  the  lever  hy  means 
of  the  screw  «,  joinlisl  to  the  contact  surface,  and  llie  lenxiim  of  Ihc  »priiig  can 
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fc  8(BtiIttt«l  by  moano  of  Mit'>t)i«T  wtpw.  The  whole  iiiipiirntii*  1^  fiiMpmvI  hy 
'^nma  of  n  band  to  tlw?  lower  Piid  of  the  forfurm  (Fin-  H7).  Miioy  m««iiricalions 
of  thi.4  irminimcnl  nrc  in  uw. 

Thf  mi-thn-d  of  iiir  tnmsmUsion  id  ofl^n  iiHrd  «lfin,  fspwmlly  wlii^n  it  ia 
di'ninil  to  rejii'-ler  ihe  piiUp  curvp;'  nf  Iwo  <ir  more  artorio?.  ^r  iW  piiW  ninre 
unrt  ciirilio^rani,  at  ihu  »aiuc  time.    A  rwi-iriii(r  tnmbour  of  about  tht-  wiim-  vn- 


Pia.  87.— Uuvy'a  i>ph}rf(Rinf>rNph  m  uard. 

Mnictinn  ns  thnt  drsoribrd  for  (he  npcx  lirnt  is  fa-^lPiipd  nvft  thf  nrtcpy  and  is 
fioniiwtod  in  tho  umial  waj-  with  the  ivfHirdinjt  tnmlx-itir  {<■(.  h'ifc.  Ifl.  pagp  I2>. 

Tlif  !<|>hyKin"Kniph  hit?)  uflen  hren  ti-gt^tl  ihdI  il  Iihk  litH-n  fniiii'l  tn  k'^'*  tlw 
ptilM*  movutnetitii  with  tiun'ri^^inR  accuracy.  It  hps  h«?ri  ithnu'tu  for  <>xainp]c, 
that  il  rciirudutt-K  vrry  oxaiMly  tlio  wiivi>M.  atn-iidy  known,  hy  oilier  uicnniK.  to 
nortir  in  an  flosrir  tube  <Mfich>;  ih«t  the  pulw  currr  has  rwirlly  the  name 
npppa rniK't'  when  tho  pulfifltioiix  are  r<-<"nr(lcd  without  ninpiiili<TntioTi  ami  where 
ihi-  invriia  of  thr  h-ror  in  ihu!*  n'ducctl  tn  a  iiiiiiiiiiiim  (Murfyl:  iiixl  thiil  piil>*c 
rurv'cs  havinir  cxHrtly  tlic  snmr  form  an  tho^ie  nvonij-d  by  the  t^physiitourapl).  iirc 
ttbtaincd  if  a  \vr>-  ftmall  mirror  i^t  fa^tttiod  to  tbc  ttkiu  over  an  arlt^ry,  fto  ibat 
ihc  li^rht  mny  K-  r«'tWt<^I  mj  a  wnll. 

But  wi-  muHt  not  ntippoM'  that  *'Tcry  fiphyftmogriipb  n"<xinl>'  piitiM*  wnvos  iwi 
perfectly.  It  often  happoiiii  on  the  contrary  that  ihe  inntnimeni  diMtortx  tho 
curve  vonsidorably,  Il  i«.  theivfurv.  neciawsry  in  every  exact  i>tiKly  of  lho  puW 
by  the  frmphir  method  In  aKflure  nnnnelf  nf  the  efficieney  of  the  inRtrumrnl  uid 
of  the  maximal  siK-od  prrmii*i*ible  for  the  levt-r. 

The  velocity  of  the  pylre  warp  is  moasureil  by  taking  nl  Ihr  same  time 
pi)lj*(*  tmc'inps  fmm  two  artcneH  -iopnmted  by  sonio  di^JtiitxT'  fn^tn  each  othor. 
The  vc'bx-ily  of  propiipition  found  in  this  wny  vuric:;  witlidilTt^rent  indiriditalit, 
and  with  tlio  same  individual  under  dilTorent  circumstances.  In  n  hoatthj 
inan  it  amaunl.s  in  7-li»  ra.  ]mt  second.  Tho  velocity  is  pirater.  the  greater 
the  c'x'tliciout  of  ula»ticity.  It  increuMs  therefore  with  K  rinc  of  hltwid  prfs.-i«n*» 
for.  as  we  have  seen  at  iiage  'ii)l,  Ihe  coetficient  of  elasticity  of  the  arterial 
wail  increnHcs,  ni  letwi  within  certain  limits,  as  the  internal  pwasure  incn'Jiscs. 

Th«  leiiRili  of  the  pulse  wave  X  is  obtained  from  Ihe  fnrmula  nX=  k; 

orX=— ,  where  h  i«  the  velocity  of  trangmiMion  and  ti  the  rhvlhm.    Since 
» 

with  each  ventricular  ('Vi'tole  the  bltKid  is  driven  into  tha  aorta  for  0.2  of  a 

sccnnd,  Ihe  rhythm  number  is  .1.    With  a  velocity  of  S  m.  the  lenifth  would 


beX=|=!.6 


m.     lu  a  grown  inaa  the  distance  from  the  heart  to  the 
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farllicst  artcrit's  is  ju«(  about  ciiial  to  this  wave  l<'n(tt.h.    (Jnlv  rho  vrry  InnRcst 
arlerifil  imlliji  in  tlie  IkkIv.  (Iiureforp.  art'  Ifni^  ent»ugli  In  iTirliidi^  the  entire 

fjenglh  nf  a  piiist'  wavu;  fnr  lliu  fml  uf  n  wave  L-iik-rs  the  aorta  oiil^'  aXtor  Lbo 
beginning  of  ii  han  already  roacluxl  tho  [loriplicry. 

Sinn*  the  movcmpntu  of  thfi  enntact  surface  of  the  instrunienl  are  eaused 
by  [lactuations  of  pressure  inside  the  artery,  (he  palsp  curve  gives  expression 
to  the  ri.se  anil  fall  of  lliis  pressure.    But  it  does  not  represent  the  variations 

fOf  arlcriiil  [prt-s^ury  e.\a<^'lly.  for  the  arterial  pressure  i«  exerteil  nol  only 
agninst  tIr-  e<intact  surface  but  also  against  thti  arterial  wall  and  the  neigh- 
boring soft  parts. 

The  sph,vginoerBph  is  affected  aUo  by  nther  movements  than  those  of  the 
bliKiri  in  ihc  nrfi'rics — e.  g.,  Ii.v  chitngfit  iif  turt/nr  of  tlmt  p*rl  of  the  ImmI.v  where 
it  i«  a|(i>lit^'>j.     If  the   return  flow  u£  the  bloud   from  thv  vcjna  is  h'lntiLTvii,  the 


Flo.  8S. — Radial  pul»  curve  rncordcl  with  Uan-y'ii  nf^h.vmnnffrapli,  milnt    LAngrndorfi. 

bo  Ttmi  from  Irfl  1o  riglit. 


To 


entire  serteB  of  cur\'c«  in  Ihe  spli^'ftnioffraiii  rises  because  tlie  swt'lling  skin 
increase*  the  lonfioti  of  the  Gpriiig'.  Om-  durv  imt  infer  a  rise  of  blwNi  prcMurc, 
therefore,  from  such  a  rise  iu  the  aeries  of  curves. 

When  suitable  apparatus  is  emplnypd  the  poise  curve  prescniii  a  nnmhcr  of 
pfculiaritips,  some  of  which  eonhtautly  HTur  more  or  loss  well  mnrkeil.  what- 
ever the  artery  fmm  which  the  curve  i;*  taken. 

The  pulsf:  eun-e  ( Kig.  8S,  ef.  aUo  Fig.  11)  begins  with  a  rather  ntfep 
a^nrent  which  eorrespondc  to  the  poi^itive  wave  caused  by  the  inflow  of  blood 
intf)  the  aorta.  This  line  nsiially  reaches  it*  h!gbe.4t  point  without  intemip- 
tion,  whence  begins  inimt'diately  the  descending  litnb  of  the  curve.  The  latter 
shows  several  irregulari1ie?i.  one  of  which  at  lea^l.  the  second  mound,  occunt 
in  all  pulM  curves  ( Fig,  8H).  This  mnurid  is  designated  as  the  dicrotic  eleva- 
tion. That  it  is  not  an  artifact  ha.-*  been  shown  by  the  above-mentioned 
tests  to  which  the  sphygmograph  has  lieen  snbjocte<l. 

The  dicrotic  elevation  is  without  doubt  a  positive  wave  running  in  the 
cenlrifngiil  direction;  but  opinions  dilTer  ns  to  llie  tvni/  in  which  it  arises. 
Of  thi!  two  hypotheses  which  »t  prt«?nt  are  worthy  of  discussion,  one  nrconnt* 
for  the  elevation  by  .auppoaing  that  the  primary  pulse  wave  is  roflentetl  bi;  a 
positive  wave  from  the  peripherv*  of  the  arterial  system.  This  roilocted  wave 
comes  into  the  aorta,  utrike.**  against  the  closed  semiUinar  vfllvcii,  nnd  is  once 
more  reflect^ii  withont  elmnj;e  of  sign.  The  nf.rond  reflection  <lbat  from  the 
semilunar  valves)  is  the  cause  of  the  diirrotie  elevation  <v.  Kries.  v,  Frey). 

Aocording  in  the  otlicr  liypothe*iiK  the  dicrotic  elevation  arispis  in  the 
'ollowinp  manner.  When  the  canliuc  contracrion  ceases,  and  the  semilunar 
IvM  are  no  longer  supported  by  the  blood  in  the  heart,  or  by  their  own 
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niu»cular  foldi*  (c/.  pa>p^  H>t).  h  ni-ftfitive  wave  j^lartii  from  the  root  of  the 
HorltL  niniiiti^  toward  llu'  ]H>ripliL-n*,  uiiii  ii  jmrlion  of  ttiir  aorlic  tilitot)  flow.'t 
Uick  touanl  Ihr  lifiirt.  Wlicii  llns  ri'luriiiiig  lilom]  striki^^  u^aiiist  tlir  .'^iiii- 
Imiar  vulvo?*.  wliich  (wvc  jiwt  lioen  flrtsci!,  ii  pti»iiivf  cenirifugal  wave  utartj*  at 
the  mill  iif  the  aorta,  [irmliicinj;  tht>  ilicrntin  elevation  (Mnrov,  (rraxhcv  ft  at.). 
W'v  oanimt  dif^i-uw  hirrc  the  |irincip1es  underlving  tItcAe  two  t>x|tlaiiatii>na. 
Both  have  eaiinent  advocates  and  an  airrt'i.Miit'nt  i*  not  yet  in  siglil. 

IIow«Ter  we  coucciTo  the  dicrotic  cb&rnctcr  to  be  produced,  it  is  certain 
thai  wavt-tf  n-'llvcied  fruiii  Ihc  periphpo*  of  thi-  artt^rial  sysiciu  Uavi:  it  very  uintc- 
rinl  infiiirticc  on  iho  form  of  the  pulse  curre.  Tho  reflected  wnv«i  iiilcrfew  with 
ihc  dirrct  ones;  ihry  spread  to  neiphborinff  arlcriM  whew  again  ihey  are  propa- 
gratfd  iw  dirw't  wnvr-n.  whirh  in  liim  iiitt-rfcrf  with  btith  th**  dirf-ct  niu)  rellix-ied 
waves  proper  to  thc«>e  nrleries,  ond  no  on.  Thus  a  great  variety  of  puW  trBcin)i:M 
with  a  vftryiiijr  iiumber  of  fteooudary  and  tertiary  eleTalions  on  the  pulse  corro 
may  Im<  obtainml. 

Attempts  have  frequently  lieen  made  to  draw  conrluitionit  ao  lo  the  aettvitif 
of  the  heari,  the  rtmiiHion  of  the  bhmd  veiueln.  ami  the  bttttnl  preMiire  from 
the  rharat-ter  of  the  puiKO  curve,  Thia  i#  pof^ihlp  lo  a  certain  e\ten(,  hut 
must  lie  il()rie  with  pwut  caution. 

The  pulw  eurvc  may  jfive  wjme  apjrroximatt  informntion  a»  to  the  Itjn- 
ponil  cfiunte  of  event;*  in  ihe  lioarl.  The  boginnin){  of  the  pulse  curve  corTfr- 
sponds  to  the  entrance  of  the  hlond  wnvo  into  the  arteries,  and  the  be;;ianing 
of  tlie  dicrotic  etevittion  if"  synchronous  with  the  beginning;  of  a  corresponding 
elcvaiion  on  the  cardiogram.  Since  thin  point  appoarji  at  a  slijiht  interval 
after  the  closure  of  the  ftcmiliinar  valves  (rf.  pa^e  1*5),  the  lime  ehiiwirij; 
bt'lween  the  beginning  of  the  pull^e  curve  and  the  dicrotic  elevation  is  slightly 
greater  than  the  time  during  which  the  left  ventricle  atid  the  arterk^  are  in 
open  coniinunicfltion  with  each  other. 

Tt  might  lie  suppivsed  also  that  a  pulw  curve  of  large  amplitude  would 
indicate  a  large  pultie  volume;  but  lbi.s  ik  true  only  in  a  vpry  limited  aenae, 
for  the  pulse  curve  of  a  given  artery  depends  lo  *n  great  a  degree  upon  th» 
lonu)*  of  thiit  arterk-  and  upon  the  resistance  in  its  peripheral  branches  that 
no  til-finite  relation  bclween  volume  aiul  i^ize  can  In;  laid  down. 

Moreover,  a  large  amplitude  of  the  pui*e  curve  i*  by  no  mean«  significant 
of  0  high  blood  presi^nrp.  hat  at  best  signitiea  only  that  the  fluctuation  of 
pniVEiure  in  great.  Kut  since  we  know  that  the  variation  of  .systolic  preaeure 
iii  within  ccrliiin  limits  lejw  with  a  high  than  with  a  low  pressure,  we  might 
poftcihly  suy  that  under  circumstances  otherwise  the  same  the  greotcr  ampli- 
tude uteAac  a  lower  Idixxl  pre»u(un'.  Hut  even  thiri  \»  not  invariable.  The  do- 
grtT  of  constriction  of  the  artery  under  investigation  has  much  lo  do  with  it. 

Again  the  kriffht  of  thf  dirrolic  ffrvatwn  has  often  been  reganlod  m  an 
imiex  of  the  protwnre,  a  greater  elevation  being  prodnced  with  a  low  than 
with  a  high  pressure.  In  many  eases  this  is  true.  But  there  are  exceptions, 
since  the  degree  of  dilatation  of  a  particular  arterial  region  may  influence 
tlie  production  of  any  particular  dicrotic  pulw*. 

All  of  ihiti  xhow'i  how  ciirefiil  ime  mu»t  lie  in  drawing  conclusions  from 
the  pulM  curve  regarding  the  condition  of  the  vascular  jiystem. 
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The  piil)4P.  08  a  rule,  can  lie  clet«ct<Hl  onhf  in  the  /irterifs.  T\us  is  »*i- 
plaiiifil  by  thu  fact  that  in  any  elastii?  tubt'  n  wave  londri  (o  be  oblitera'tcd  by 
fricli«m.  In  an  unbmnfln'il  tulie  the  len^ith  nece^ary  for  Ibis  obliteralion 
Wotilii  lit'  viTv  ifrcat.  hilt  in  one  composed  of  ninny  hranohcs  like  the  vascular 
systoiii,  tbt!  olilitrmtion  i«  favored  by  every  bifurcation,  siiioe  thereby  tlie 
total  wall  bcKomos  yrealer  aad  llie  active  force  of  the  wave  is  consumed  llie 
more  rapidly.  Tlic  wave  )«  reflecte<l  alw>  at  every  point  where  the  vascular 
wal]  changes  directiou.  iiud  on  (liir<  acuunnL  It  i^  wut^umi^il  MXHiur  than 
o(lierwi«tf. 


TTTHAL  StTRVEY   OF  THE   MOVEMENTS  OF  THE   BLOOD 
THE   ARTERIES 


IN 


Now  that  we  have  learned  the  details  of  the  blood  flow  in  the  arteriw.  it 
remainj'  for  »w  to  i-ecdrntruct  these  details  into  a  coniieiled  whole.  We  shall 
follow  (or  this  piirpor*  llie  description  of  K.  It.  Weber. 

Ijet  us  MippDse  that  the  heart  enn^Isls  of  only  one  ventricle,  also  that  to 
beffin  with  ihe  hlood  in  all  divinionji  of  the  vascular  -ystmi  is  under  llie  same 
pwswuri!.  When  llie  veiilpicle  rontrtict.s  ihe  atrio-vpnlrirnlar  valve*  [-lose  unci 
prevent  tlw  bliMid  frorn  flowing  baekward.  All  tlie  blood  mm^t  therefore  lake 
(he  same  direelion  into  llie  jirlerics.  If  tlioiie  were  ri^id  IuIh*s  no  Mood  rouH 
be  proftiicd  inlii  Ibi-in  wiilidul  at  (lie  same  time  Httliji;,'  in  motinn  the  entire 
rotmiin  of  Ii1o.k|  in  nil  iis  partft.  lu  thi--:  ca»e  no  wave  would  be  jirodtict^d, 
but  only  a  stream  of  himwl  which  would  la-it  a^  long  as  the  cnntnielion  of 
tlie  ventricle  eontinued.  But  since  the  artene^i  are  elastic  tubes,  propulsion 
of  the  dilTerent  (-epnientti  of  the  blood  column  takes  place  succiessively.  The 
muss  of  blond  ilisfliarged  from  the  ventrirle  can  find  a  place  for  itself  only 
by  di^tendtnj;  a  porliuu  of  the  arterial  t^yslom,  and  thus  pnidneinj!  a  ])o«itivc 
wave  of  high  pi-essure  wliich  spreads  through  the  vo»)*eU, 

If  tlieri'  were  no  seinilnnur  valvB-i,  and  if  the  venlricular  eontractious 
(topjied  ininietlialely  after  the  discharge  of  Ihe  blood,  the  clislendwi  arteries 
'vonld  at  once  drive  a  part  of  the  blood  hnrk  into  the  ventricle.  Rut  since 
thia  ia  prevented  by  IIik  Hcmiluimr  \'alveK,  the  KUCTewitve  partx  of  the  hloud 
column  are  moved  a  little  farther  forward  in  the  vnccular  fiystem  by  eaeh 
ventricular  in'^tole. 

As  soon  as  the  hearl  rolasea  at  the  end  of  systole  and  Ihe  atrio-venlrienlar 
valves  are  open,  the  blood  fiows  froni  the  veins  into  the  heart  and  prxuhiccs 
a  negotive  wave  which  is  pmfiagated  along  (he  veina.  The  valves  wnnectfid 
willi  Die  hearl  are  i~o  arraiig^-d  Unit  with  the  svhlole  and  dia.'itole  of  llie  heart 
perindically  alternating.  |»ositive  wavei*  pa.*;*  out  only  along  the  arteries,  nega- 
tive waves  only  along  the  veins. 

If  the  vHrffular  system  were  comporti"ii  of  a  single  cimtinuous  tube  of  uni- 
form diameter  even*  wave  woniil  rim  Ihrniigh  the  entire  system  with  great 
velocity,  and  would  produce  a  state  of  equilibrium  in  the  etilire  cin-uit  liefiire 
tlie  next  ventricular  systole  rould  follow.  Rut  Iiecnuse  of  the  resistaniv  in 
the  smallest  arteries,  veins  and  eapillariiw.  matters  are  i|uite  otherwise.  On 
iceount  of  the  friction  in  the  siiialler  vessels  the  blood  cannot  pa**  through 

rapidly  as  would  1m;  necetiitary  for  tlu?  propagation  of  a  positive  wave  all 
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the  way  back  to  Ihe  heflrt.  The  wavelikp  movemcDt  U  roflcctod,  therefore,  at 
till'  (-Hpillarti^,  rU*.,  ntid  uiiiItT  nurinal  circtimstaiic(»  the  pulw  cAtinnt  be 
pcrceivfd  in  tlic  vuirw. 

Siipposinji  now,  &a  ve  have  done,  that  the  pressure  is  everywhere  the  samo 
to  Itegin  with,  tlieii  if  the  regular  contractions  of  the  heart  were  n-peaUil 
rapidly  enouph,  ihere  would  lie  uti  aci-urimlation  of  blood  in  the  arleries.  for 
(it  eaeh  -vstolg  more  Wood  woiiM  k-  ihnmn  into  the  arteries  than  roiiid  !« 
prest*<Hl  Ihrough  into  the  vein.-)  in  the  same  time.  At  every  dinnloh!  of  Iho 
heart  the  total  i|uanlity  of  Uhxnl  in  llie  veinji  would  be  stil]  furthiT  rcdmwl, 
Urause  more  hlond  would  pasjn  from  thctn  into  the  hoarf  than  could  come 
into  Ihi'in  through  the  rapillarles  from  the  arteries.  Thiif*  the  quantity  of 
blood  in  Ihe  arteries  would  go  on  increasing,  and  the  quantity  in  the  veins 
would  ^o  on  decreasing  until  the  difference  in  pressure  between  the  two  would 
hi-cnine  so  greiit  thai  from  one  systole  In  annther  juA  uj^  niucli  hhH»d  was 
pressed  Ihmugli  the  eapillarief  as  was  beiu^  diseharjf'd  by  the  hearl  into  the 
arlerieii.  Onre  this  depjoe  rif  difTereneo  in  prejssure  between  the  two  divisions 
iif  the  vascular  sy«tein  had  Itccn  rejiched,  if  the  heart  eetivity  eontinia-d  Iho 
fiame,  the  difference  would  become  constant — i.e.,  the  pressure  in  the  arterie* 
wmild  Im-  permniH-nlly  ^renter  than  in  the  veins. 

It  is  iHK-aiiw  of  llii.t  coa-itant  tiiffrrmcf  in  prfMurt  between  arirnet  and 
rcirt.t  lliHt  the  inovenienl  of  the  blood  from  the  former  to  the  latter  takes 
place  in  n  sleadif  stream.  For  thia  reason  also  the  blood  continues  In  flow 
from  arteries  to  vein*  for  some  time  after  the  heart  stoi»s  l>eating.  Any  sort 
of  influence  which  rhnnfies  either  the  rej^iftanre  in  the  vcJweU  or  the  eni-rgy 
of  the  heart,  disturbs  this  slalionary  condition  and  a  new  e[)Uilibriuin  is 
established  at  a  different  level  of  arterial  preiwure,  Kvery  varialinn  iu  pres- 
sure is  in  lurn  followed  by  a  change  of  one  kind  or  another  in  the  character 
of  Ihe  blood  flow. 


§6.    THE   FLOW  OF   BLOOD   IN   THE   CAPILLARIES 

The  capillaries  are  un(|ue-stionably  Ihe  most  imjutrtant  part  nf  the  vascular 
st/iilem.  Tlw?  purfwiso  of  tlii'  circulation,  which  coiisisis  in  supplying  cnm- 
buslible  materiali*  aud  oxygen  to  the  organs.  luul  in  relieving  them  of  d<vom- 
posilion  produetii.  is  aceomplished  in  the  capillaries.  In  them  the  bliKHl  is 
i^pnrated  from  Ihe  lymph  I)y  only  a  thin  wall,  consisting  of  a  single  layer  of 
eellfi.  through  which  llie  exchange  of  diffusible  subalaneci  is  readily  carried 
on.  The  artcncf  anil  veins  are  only  tubes  conveying  the  blood  to  and  from 
the  capillaries:  the  latter  constitute  the  real  clean ng-liou«  of  Oie  vascular 
syHlem. 

Since  oxygen  is  consumed  in  large  quantities  in  the  tisinies,  it  is  evidently 
of  great  inipnrtan<-e  that  llie  blood  should  not  flow  ton  slowly  thmugh  tin* 
cjipillaries.  The  high  pressure  which  j)revails  in  the  arteries  is  nerrxmrtf  in 
order  to  krrp  thn  blood  flawing  through  the  capUiari^g  with  suffirirnt  spred, 

\\'henever  Ihe  pressure  in  the  aorta  falls,  the  pressure  in  the  capillaries 
also  fnliiit.  If  an  artery  hccomes  constricted,  the  lateral  pressure  in  this  artery 
central  to  the  place  of  (constriction  inrreiises,  but  at  the  same  lime  the  pmsi^ure 
and  x'elocity  peripheral  to  that  place,  thai  ia,  in  the  capillaries,  docreaso. 
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Whenever,  other  things  being  equal,  an  artery  is  dilated,  the  lateral  pressure 
in  this  artery  may  fall,  but  a  larger  amount  of  blood  flows  into  the  capillaries 
and  as  a  result  the  pressure  in  them  increases. 

All  the  complicated  mechanisms  which  help  to  regulate  the  blood  pressure 
have  for  their  immediate  purpose  the  maintenance  of  a  normal  pressure  in 

the  aorta,  in  order  that  the  blood  may  flow  under 
normal  pressure  through  the  capillaries. 

The  total  quantity  of  blood  in  the  body  is  by 
no  means  sufficient  to  supply  all  the  capillaries  at 
once  with  as  much  blood  as  the  organs  require 
at  their  maximum  activity.  Fortunately  all  the 
organs  are  never  at  their  maximum  at  the  same 
time,  so  that  their  requirements  vary.  In  fact  the 
quantity  of  blood  flowing  through  the  capillaries 
varies  incessantly.  An  organ  upon  which  devolves  an  extra  quantity  of  work 
receives  for  the  time  a  greater  supply  of  blood  than  if  it  were  relatively  in- 
active. The  arteries  belonging  to  the  organ  dilate,  while  the  arteries  which 
convey  blood  to  the  other  organs  at  the  same  time  constrict.  By  this  means 
a  fall  in  the  aortic  pressure  is  prevented  and  the  blood  flows  more  copioushj  to 
ike  capillary  system  whose  arteries  have  been  enlarged.  Pressure  and  velocity 
in  this  region  increase  together. 

The  length  of  the  capillaries  is  given  as  0.4-O.Y  mm.  (in  the  liver  as  much 
as  1.1);  their  diameter  is  about  0.009  mm. 

The  capillary  wall  is  composed  of  flattened  cells  which  fit  together  by  their 
edges.  That  they  are  capable  of  constricting  in  many  places  was  first  demon- 
strated by  Strieker.    Rouget  and  S.  Mayer  then  showed  that  this  constriction  is 


FiQ.  89. — Branched  contract- 
ile cells  embracing  wall  of 
a  capillary  vessel  in  the 
hyaloid  membrane  of  the 
frog's  eye,  aft«r  Rouget. 


Yia.  90. — A,  oafnllaiy  when  not  stimulat«d;  B,  the  same  capillary  stimulated.     The  lumen 
IB  entirely  oblit«m(«d,  after  Steinach. 

bron^t  about  hy  contractile  elements  aituated  outside  the  basement  membrane 

Hntbr  disdnot  from  it.    The  nuclei  of  these  cells  are  arranged  parallel  to 

*5»*  TWwJ  and  their  cell  substance  is  often  divided  into  little 

nit  at  right  angles  to  the  nucleus  and  embrace  the  capillary 

a  barrel  (Fig.  89).     The  contraction  of  these  elements 

1>niien  of  the  vessel;  at  the  same  time  fine  longi- 
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tudiual  folds  or  wriiiklm  appi*«r  in  the  cell  inciubnirtc,  v-bivb  iucrmiM  iii  num- 
ber, clearuesai  uiid  extPiit  an  tbi;  capiUary  wnll  druws  Uw^Iwr,  and  L-alirvly 
di»a{>]K>flr  wlii-n  the  viwsci  ilitiiU'M  jiftaiii  (Fitt-  00).  HowcvtT,  ti-rtain  iiidiviiliial 
viii'illiO'ifH  nr  iMjiiHary  tvads  are  quilc  txtinjil  from  ihin  contraction  (Su-inafh). 

Thf  mi**-!  fuvnrable  object  for  tbt*  duiiiuiislrntiini  of  tUwv  iibviumiL'tin  i»  Ibo 
niotilatinK  membrane  of  tbc  frog.    Quite  similiir  rt'tnill.-*  have  beco  obtuiiu-d  also 
>in  oth^^r  capillary  MynteniH  of  ibe  frog  and  even  of  MmiimnU. 

Ca|iillari(^'»  an-  abuudanlly  supjdiod  wilb  nerves,  nn<l  Sieinnch  Iihh  nacnwlrd 
in  produrinjf  a  tymlrartion  of  thf>  capillnriua  in  tbt>  fn>fi'!«  riictilatiuK  nK'iiibruuc 
by  stiiniibilinn  nf  tbr  «>^n|M^tb^■^ic, 

Siiii->-  t}ii'  <liiiiii<-ir'r  of  ibc  capillariM  may  vary  indcpondtMitly  of  Ibo  blood 
prewiim,  it   follows  with  ppeat   probability   that   in  rirttic  <>f  ihcir  contrtictilitjr 
thp    cHpillarips    lhpin!*elvp#    participate    to    a    conffideroble 
c-xtvnt  ill  tb«'  roiululioii  of  tbp  blimd  aupply  to  tbe  iliffcr-  i 

ent  orKanti. 

The  blood  in  the  eapillarifs  fiowt  in  Ihf  foUowinff  man- 
ntr.  If  the  capillary  voswl  is  not  bo  Biuall  that  tbc  blt>ud 
vorpusclcfl  ratircly  (ill  it.  the  rvd  coriniacles  movi:-  alone  wilb 
ibcir  loofi  (liamrtrrs  in  the  dirorlion  nf  the  mrrenl.  ami 
kwp  to  llip  eenirr  ^f  llic  v<**tr].  (u>  thai  bctwit-ii  thoni  and 
ibe  va»n]lar  wall  a  rh'ar  >«|i)i(i>  in  Ir-ft  tilled  u'illi  plaaina. 
Ill  tlii»  «papc  Brc  found  nunieroun  white  blood  coniusclcs 
which  Ki:imietimcs  cuniv  to  rvat  there.  Bonietimf)>  roll  nlonc 
very  alowly  mntcinK  frequent  pauacfl.  At;  a  nilr,  tbt-  etir- 
rent  in  tho  caiMlhirics  is  continuous.  But  there  are  cxeep- 
lioiut  to  Ibis  rule.  With  Kuffieicnt  dilHlatioii  of  llii-  ^riudl 
■rteriea  in  a  (riven  vn-sculnr  nvion  the  blo(«l  sln-ani  in  ihe 
enpillarieH  may  exhibit  r/ij/ffcmtVu/  lihrtitioaa  attnfhron'iU9 
vHh  Iht  htari  hrnis,  A  eonliiiuoiiH  flow  prrMupiHiHex  th^r**- 
fore  that  (be  blend  in  tb''  «ninll  arteries  meeta  with  siiffi- 
cicnt  icitii'ianci-  to  ubltterau?  tbt»e  pultuttiuus. 


Fio.  Bl. — Apparatui 
fo  r  th^lrnniniDg 
the  btood  yrvrmtv 
in  the  cN|nlliirir9, 
■ftiT  l^udwiii^  11it> 
Kinall  Rim  plutr  a 
M  plan.ll  OD  Ui« 
skin,  nnil  Oir  pan 
ft  in  Innilrd  wilh 
wcjgiitx  uniU  il)p 
fikin  tiri>)rn)f«t]i  a 


In  thft  fielfl  of  the  micmseope  th«  t'«}onty  of  btood 
flow  in  tb(!  ea))illarict)  mn  be  deturmiiu^  by  Mmplr  oIh 
sen-iriK  (lie  linn?  f^nsuined  by  a  pftrlieiilftr  cuTSUxcle  in 
Iraverslii^  ii  mea.-'iired  (Jistnm'e  on  tbc  cvepieeo  miemni- 
cter.  The  velocity  di'lerniiiied  in  thift  way  is  piven  iw 
O.S-O.fi  mm.  per  weoiul.  Thew  values  however  arv  maximal,  for  Ihey  tvXtXe 
to  the  piirrent  in  the  central  port  of  tlie  vew»el.    The  mean  veloeity  in  M>nie< 

.t  lees. 

Alteniptx  hove  been  tnade  to  determine  the  biood  prfmture  in  the  rapillnrieit 
liy  mea^urinjf  the  prensure  upon  the  outer  3nrfnoe  of  the  akin  or  npon  the 
pHme  of  the  le^'lh  (Kip.  1*1).  nl  which  a  distinct  ehantre  in  color  appear!:. 
Thii*  in  said  to  indicate  tlmt  the  nii^t  hUi>erfieial  capillarieu  are  eompli-Iely 
rompresiMHl,  The  limit*  of  error  of  ihix  method  arc  rather  wide,  and  tbe 
values  obtaincil  can  only  W  regarded  a.*  bare  approximations  to  Ihe  truth. 
Ttii»  appenm  more  clearly  when  we  Iwar  in  mind  Ihnl  iho  pressure  tlins  tle- 
termined  is  not  the  total  capillary  pre^anre.  for  the  Imph  eliert^J  an  opi>n*ite 
pressun*  on  Ibe  imtcr  side  of  the  capillnry  wall,  and  ihis  depend*  upiin  the 
tension  and  the  turgor  of  the  skin. 

The  capillary  presjiurp  which  one  obtains  when  the  effect  of  the  bn!ro«tfltlc 
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prt'Asiirp  of  the  hlnml  column  is  exclntlod — i.  e.,  whoti  tho  rnpillBrv  rfp-inn 
iuvL-stiKalpJ  !>''«  il.  the  saiiin  level  as  tlie  heart,  ainrmiitc  Id  nlxiut  ;t3  mm.  of 
mcrciirv  (N.  v.  Krie^.  j^iim;;  of  the  rabbit).  Sirict!  Iho  aortic  pre-'*siii-p  in  the 
rnhhit  aiinnmU  to  aljuut  100-I2(I  min.  11^..  the  capillnry  iiresmiri!  woiitd  1h' 
one-third  t^  two-Mn-enlhs  of  thp  nnrtic  pretwiire. 

I'oisseuille  has  given  the  following  formula  for  Uic  flow  of  a  fluid  through 

ft  hnrizonlal  eaiJillarv  whoso  wnll  is  wet  liv  the  fluid:  p^jr-^^-y^rV  where 

Q  repre!*enls  the  volume  of  finid  llowing  thrnugli  the  cnpillarv  in  tin.!  titne  /, 
/),  tlie  hvilranlif  ]n>'!i;;ure  at  the  liepinning  of  the  eapillarv.  /',  Oinl  at  tlv  eiul, 
/  the  letifirth,  anrl  r  the  radius,  jj  in  the  ronslnnt  of  internal  friction  If  all 
the  dimensions  are  ;;ivcu  in  niillirm'terri  ami  inillij;rftnis,  tj  in  itiilliKruniJ^  is 
the  retarding  force  of  the  friction  taking  effect  upon  one  siqnare  niillrinei-er 
nf  snrfflre.  wlien  the  dilTcrenee  in  velncity  helwet^n  two  a<ljacenl.  tavern  of  the 
lliiiri  one  miliiiiicter  apart  is  1  mm.  per  second,  the  change  in  velocity  l»eiiig 
uiiffi'mt.  Tlie  greater  the  value  nf  ij  { i.  i-.,  llit>  itmrf  viscous  is  llu-  fluid),  the 
Icsa  becomea  the  volume  of  (Inid  which  will  flow  throngli  the  tiilie  in  unit  time. 

It  has  been  shown  by  B.  Jjcwy  that  ttiis  law  is  Inie  al^  for  the  hkKHl. 
At  a  Irmperaturc  of  .TCM')'*  ('.  he  found  the  mean  value  of  »;  to  Iw  0.0(l02.i 
(swine,  sheitp).  ivhcreft;;  the  cnrrt^sponding  value  for  ilistilkNi  water  is  O.tHJOn?. 
The  internal  friction  of  drliUrinatcr!  lilooil  is  thus  on  the  average  .t.fi  times 
as  grpat  as  dislilUvl  water.  'I'he  internal  fvielion  of  normal  hlooil  is  (H>me- 
what  greater.  Aceordiug  to  the  reeoarehes  yf  Hiirthle.  at  37*  C.  it  ainounta 
to  1.7  for  the  dog.  4.3  for  the  cat.  3.^  for  the  ralihit.  that  of  di^lilhil  water 
being  taken  as  1.  Moreover  the  internal  friction  of  hloud  varii^-  eoti-iidcrahly 
under  different  circtinistancts.  It  decreases  after  hloodlclting;  it  Is  smalltT 
in  starvation  than  after  feeding;  and  in  the  dog  it  reaches  its  highest  value 
after  feeding  meat  ( Burlon-Opitz).  Helving  upon  data  concerning  the  in- 
ternal friction  of  defihrinatod  hlood.  and  under  certain  assumptions  ns  to  the 
length,  l)reaiUli,  etc.,  in  difrcreiit  parts  of  the  vascular  system.  B.  Ix'wy  has 
calculated  the  fall  in  preiwure  in  the  capillaries  and  has  found  it  equal  to 
20-60  mm.,  or  liy  using  the  highest  value  of  *)  (O.OOOfifi)  nb.'ierved  hv  him. 
e<)ual  to  15(1  tnni.  of  fihxid.'  At  the  most,  therefore,  about  one-fourti^nth  part 
nf  the  entin*  liloorl  pn-ssure  is  coiisumei^  in  Ihe  capillaries  themselve*.  ]^om 
which  it  follows  that  it  is  nol  the  cajiillarie?'  which  t-onstilut*-  the  chief  nyist- 
ance  to  the  blood  i^treaiu.  but  ratlier  tli«  snmller  arterioles  ccntrttl  to  them. 

Camptjell  also  has  Tf-achcd  ihe  same  view  froui  altogellier  different  con- 
siderations. Among  other  things  he  emphasizes  the  point  that  if  the  resiiJt- 
anco  in  the  capillaries  were  ver)'  great,  so  that  the  presi-ure  at  the  Ijcginuing 
of  a  capillary  were  much  higher  than  at  its  end.  Ilie  vcr>*  thin  capillariea 
would  t»e  funnel  shaped  with  Ihe  wide  o])euing  direetetl  toward  tht?  arteries, 
which,  as  we  know,  is  not  (he  case. 

Willi  (lie  help  of  I*oisseiiiIU''s  formula,  and  on  Iho  hfUfis  of  data  already 
Hi  hanil  for  the  internal  friction  of  the  hloorl.  for  the  (juantity  of  bloo<l  flowing 
through  the  aorta,  and  for  the  preswure  therein.  Iffirthle  has  calculated  the 
sbtwUite  resistance  in  the  aortic  path  ( rabhil).    As  la  evidi'iit  from  llic  formula. 
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this  is  eipre«*d  a^*  Ihe  length  of  a  tiilie  thniHgh  which  just  as  miu'li  Uood 
wmilH  llnw  in  unit  tiiiic  iw  Howri  l.limiiKh  ilu*  finiriial  bcMly.  Accordijift  to  thiii 
(■iilculati(ui  the  rfsifitauif  is  i-«|iijil  In  llial  nf  a  cylindriral  (ubt-  with  the 
ilianicU'r  of  the  aorta  and  with  a  leng:th  of  3l)fi  m.  It  not-d  kcaronly  '«.■  nv 
markcd  (tint  Ihiit  TaJiie  relates  oiily  to  a  Hpoctat  va>v,  and  that  it  in  mUiuivd 
here  only  for  the  purpose  of  giving  an  approximate  idea  nf  tlte  nnKiunl  of 
resistanco  in  ihe  vft.*ddar  system. 

g  7.    THE   FLOW   OF   BLOOD  IW  THE   VEINS 

A.    PRESSURE    AMD    VELOCITY 

The  cubic  distention  at  a  vein  lo  inlernal  [(rcwiiros  inoroaHing  hy  njual 
inrroment!!  is  exartly  like  it«  longitudinal  dixlention  to  load^  incivii^'ing  by 
Wfual  iniTcnifntM — i.  u..  if  iKTotnes  Irss  the  Iiigher  Ihe  tnlal  pn'*siin.'  iHt-nines 
(Fig.  yS).    Th«  veins,  therefore,  beliave  ditferently  in  Ihis  n'sjK.'tt  from  the 


IFttt.  9S.— Ttw  rulnr  Nilargtanent  of  tlw  Infi^rior  vcn»  cuv&  of  tlx*  ntl,  unili*r  unif'irmi]'  inenwaing 

iiit«rn»l  prcMnire,  ntlcT  Kojr. 

arteries  (ef,  jtage  201).  The  n-iisiHiK-e  of  (ju"  vi-in:*  In  niptnre  hy  internal 
prwaure,  is.  under  normal  ronditioni).  r«TV  p^'al.  jn!!t  ait  it  is  in  tlie  arlmc«. 

The  &i,-^>ntial  physiological  purpoite  of  Ibe  veins  is  to  rrturn  llir  hloud  lo 
Ihf  h^art.  Thf  fonx-  which  dri»<N  tin-  lilnnd  forwiml  in  the  vi-lii-  is  the  fone 
of  tlic  tR-ttrl  ilnelf.  Kni  Ihe  friction  in  the  tiniall  arlerie^  and  in  the  eapiliaritM, 
ha»  by  thiit  time  c«uitunied  Ihe  major  part  of  the  heart's  driving  power,  con- 
MKiuontly  the  total  energy-  o-ith  which  the  hlood  Hows  in  the  vein*  i*  hut  a 
fraetionnl  part  of  the  i-ner*^'  which  it  [Ktu.-^i'swil  ay  it  lefl  Ihe  henrl.  The 
greater  part  of  that  cnerpj-  has  been  Imnsformnl  into  heat  dnring  the  patwage 
of  the  blootl  through  the  arteries  and  capillaries. 

.  The  lateral  preMiirr  in  the  veins  is.  tlieref<ire,  much  smaller  than  in  the 
OTleries.  Tn  the  cMitrnl  vein**  of  the  thorax  thi*  Mood  pn:s*ure  i*  ncgntire 
l«eeausi<  nf  the  aspirating  action  of  Ihe  thorax.  In  nion-  p4*ripheml  veins  it 
ia  pontitive  and  is  higher  the  farther  the  vein  fmni  the  heart,  e.g..  in  the 
right  jngular  of  the  .ahecp.  (1.2  nun.  Hg..  in  Ihe  external  facial  3,0,  internal 
facial  ii.'i.  brachial  1.1.  in  a  branch  of  the  latter  D.O.  in  the  rrural  11.4  mm. 
Hg.  (.Incolwon);  in  the  RUjwrior  vena  cava  of  the  dog  close  to  it.*  entrance 
into  the  righl  auricle  —^.0  mm.  Hg..  in  the  di-ilal  )H>rlion  of  the  t^tiw  vein 
—1.4.  in  thi>  right  exli^rnal  jugular  -0.1.  I»ft  ratemal  jugular  0.5,  in  the 
right  brachial  3.11.  in  the  left  facial  .'"j.I.  left  femoral  5.4.  left  wiphena  7.4  mm. 
Hg.  ( Kurton-f>pilz).  Obi^crvations  on  the  ^hccp  and  on  the  dog.  ai«  trill  lie 
•sen,  agree  on  the  whole  very  cloM-ly. 

Aiter  o|>enin^  the  thorax  and    thereby  obliterattng  the  ncf^ntive  intra* 
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thoracic  pressure,  tliu  prt-ssure  in  all   the  wins  rwcs  ccinKidunihly,  m  tlial  a 
negative  pressiire  cim  no  longer  l«  (Ifinnnstnited. 

In  ordfT  lo  <le1eniiiiii>  the  pn-ssure  in  a  win  it  U  rieoewsary  to  avoid  stnp- 
paRC  of  llie  blnod;  a  T-cannula  is  uwd  and  on  ncc-ounl  wf  thu  low  prt-»«uru  a 
soda  soUilioii  is  substituted  for  tncrcury  in  the  manomclcp. 

Just  as  in  iheartrrial  systPtn.  the  prcxtiure  in  the  vrijvi  i.i  OTiiditioned  nptm 
the  (juanlUtj  of  Wood  UoVring  from  the  he«rt  in  unit  time,  and  ujioii  the 
reniitance.  If  the  veina  meet  with  preat  resistance  in  emptving  their  hIr»od 
(o  till'  henrt.  the  pressure  in  them  increases.  'I'liis  happens  for  example  when 
tlio  heart  in  checked  or  brought  In  a  standstill  \*y  stiniulaiion  of  the  vag^uS. 
In  this  case  the  heart  is  uiuililc  to  drive  fnnvard  nil  the  hlood  which  enllecta 
in  the  veins,  and  the  consequent  accumulation  raises  the  venous  pressure. 
If  in  spite  nf  the  inhibition,  the  right  heort  still  expels  in  unit  time  just  as 
muoh  Mood  as  it  did  before,  the  venous  prest^urc  (iuffers  no  ehan^TL"'-  The 
pressure  in  the  vein*  \»  increased  likevrise  if  the  kings  are  highly  inflated, 
for  by  this  means  the  flow  of  blood  into  the  intrathoracic  veins  is  hindered, 
and  it  becomes  more  diflicuU  for  tlie  right  heart  to  empty  it.-ielf. 

On  the  other  hand,  the  venous  pressure  falls  as  a  result  of  all  conditions 
favoring  the  return  of  the  blood  to  the  rif^ht  liearl  or  its  discharge  Iheri'from 
— e.g.,  acceleration  after  i>ection  of  the  vagui* — provided  the  heart  discharges 
in  unit  time  a  larger  quantity  of  hlood  than  before. 

These  inlluences  take  utTect  primarily  on  the  centra]  veins.  In  the  periph- 
ery the  pres.sure  depends  mainly  upon  the  variations  of  [)lnocl  volume  and  of 
resistance  in  the  arteries.  If  an  artery  be  eompletety  chimiied  off,  the  pressure 
in  the  eorres[«>tiding  vein  sinks  to  the  level  of  the  minimal  pressure  in  the 
larger  vein  to  which  it  is  tribntar)-.  If  a  vein  be  clamped  otT.  the  pressure 
increases  peripherally  to  the  ligature  because  in  this  ca.-ie  the  vein  represents 
only  ft  blind  end  of  the  artery. 

The  variations  in  prceeure  in  the  venm  cavte  give  rise  Id  pulsations  in  the 
largTp  veins  of  the  trunk  niid  the  estpemities.  which  are  transmitted  centrifutrnlly 
with  a  velocity  of  one  to  three  meters  per  second.  The  velocity  of  transmission 
throujth  llip  juKiilnr  vein  is  ifreater  than  that  through  the  vena  cava  to  the 
orural  vein  (Morrow). 

In  order  that  the  blood  may  flow  onifonnly,  it  is  necessary  that  the  fame 
qunnlilti  he  dfUvfred  fir/  the  vririif  lo  the  hrart  in  unit  timr  ax  \fi  e.ryfUcd  by 
the  heart  into  iht  artrrirs.  and  Ihia  has  been  proved  by  the  direct  observations 
of  Cyon  and  .Steintnann.  and  of  Bnrton-Dpilz.  to  be  the  casw.  The  volume 
of  flow  is.  therefore,  about  the  same  in  cornjsponding  arteries  and  veins:  hut 
on  account  of  the  greater  cross  section  of  the  veins,  the  linear  velocity  in 
them  ia  les*  than  iD  the  arteries— e.  g.,  in  the  external  jugular  nf  the  dog 
141'  mm.,  in  the  femoral  fi2  mm.  per  second.  After  section  of  the  vagi,  the 
volume  of  the  current  in  the  jugular  vein  increases  3.8  times,  but  decreases 
about  fifty-aeven  per  eeot  on  compression  of  both  carotids  (Burton-Opita). 


B.    AIDS  TO  THE   BLOOD   FLOW   IK   THE   VEINS 

The  blood  \]>^v.■  in  the  veins  can  be  very  easily  di.^turUtl  hv  all  kinds  of 
atlemal   inHuences;  but  to  offset  this  we  have  several  special   mechanisms 


THE  FLOW  OF  BLOOD  I\  THE  VEIN3 


I 


which  favor  the  How.    One  sucb  i^  the  suction  of  the  thorax  already  discu: 
at  page  KtJ,  as  well  m  that  of  the  heart  its<'lf.     Bt'side*  thes*,  several  oth 
conditiom^  in  connuctioD  with  Uie  valves  of  the  veins,  operate  to  prevent  stasis 
of  hlooii  in  the  voitig. 

The  valves  of  the  veins  diecoTcrcd  by  Febricius  ab  Aquap^ndenle  in  1574, 
are  HPinilunar  foldii  of  the  lining  membrane,  so  arranged  thiit  they  open  tovranli 
tbf  hoort  but  prevent  iho  How  of  blood  in  the  opposite  direction.     Two  suj 
valrfii  A9  a  rule  stand  opposite  each  other. 

Wlien  external  pruiwure  of  any  kind  is  exerted  upon  a  vein,  the  back: 
flew  of  blood  is  chfck-ed  by  the  aeare»t  valve,  and  it  is  compelled  therefore 
to  move  in  the  direction  of  the  heart.  As  a  reanlt  we  find  that  with  every 
niuwular  contraction  there  is  aa  iiicrcai<c  in  the  qaantity  of  blood  flowing 
from  the  eorrespondinR  vein.  !f  the  mtwcle  be  thrown  into  tetanus,  thero 
foitowfi  at  HfKt  an  acedoration,  then  a  reiardalion  of  the  hlnod  flow,  which 
lasts  until  the  tetauua  ahotea,  and  the  pre^i^ure  on  the  vein  caumnl  by  it 
cesses.  | 

Thus  Burton-Opitx  found  the  volume  of  flow  in  the  femoral  vein  in  one 
expertmeui  with  a  noting  muscle  to  be  1.1  c.c.  per  eeeond;  v^ilb  a  tetnnizing 
stimultis  of  the  sciatie  uerve,  lasting  M.l  tM-condsi  the  volume  war  4.0  c.c.  during 
the  contraction.  0.4  c^.  during  complete  tetanus,  and  aftt^r  rrkxntion  nf  the 
muscle  1.S  cc 

Under  nnlinan,-  circumstaiiw?  clonic,  cramplike  roniraciion:*  of  the  mn 
cles  never  occur,  but  with  ever)'  movement  of  the  Uidy  coniractiou  and  relaxa- 
tion alternate.     Becau^  of  the  intermittent  pressure  upon  the  reiiu  which 
such  an  alternation  produces,  the  uxital  muscular  contractions  must  materiallyj 
favor  the  movement  of  the  blood  in  them.  1 

Changing  the  attitudes  of  the  body  also  is  an  important  aid  to  the  flow 
of  venous  blood. 

The  femoral  vein  under  Ponpart's  ligament  and  in  the  fosu  ovali-s  becomes 
empty  of  bloo<)  and  tt)lliipM?«  when  the  thigh  is  turned  outn-nrd  aitd  at  like  same 
time  moved  baokvrnrd  so  as  to  stretch  it  a^  much  as  possible.     It  filU  full  agaia 
as  >oon  as  the  leg  is  brought  back  to  iln  former  position  or  is  brought  »tiU  fu 
ther  forward  or  flexed  a<4  much  a»  pu^iblc.    Tbeso  changes  of  position  take  pla 
with  ercry  step  which  we  make  (Rraune). 

Finally,  wc  have  in  the  strrtchirig  movetaettts  of  the  body  o  mcanv 
ftcceleratm);  the  blood  in  the  veins.     When  a  vein  is  elrjn>!aie<l  without  at' 
the  riaine  time  iH'inj;  con)|)reK.o«Yl  its  niliic  capacity  is  im-rca'^ed,  atid  it  then 
exerts  a  suction  on  the  blood  column.     For  the  venous  ii'V-tem  of  the  ufiperj 
extremities  such  a  auction  is  obtained  when  with  fists  clinched  and  wrid 
bent,  the  arms  are  stretched  horizontally  and  moved  backward  in  a 
plane  of  rotation.     A  j:eneral  stale  of  relaxation  and  conficiquent  stajrnation 
are  ofaiaine^l  when  with  linfiers  tttreichni  ami  the  Imnd   de.\i.-<I  dor^^lly  the 
arms  are  Wnt  at  the  eUx>ws  and  brought  close  to  the  thorax.     Tlie  veint^f 
of  the  lower  extremitien  are  !iin?lchc<l   when   the  thigh-   ar^*  cpreod   apari^' 
and  turned  outward  at  the  hip  joint  as  far  as  possible,  the  knece  and  foet  Wing 
at  the  same  time  extended.     Flexion,  adduction  and  tuminp  of  the  Ihighs 
inward.  I>endiug  of  the  kneed  and  dor!>al  flexion  of  the  feet  bring  about  a 
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general  rrlnxHtimi  of  thi*  same  chief  trunks.  The  poxittou  in  which  the 
vcrtmis  sysicm  is  In  jtO'tiortil  .strfltrhed  most  xtrongly  corresjionds  well  with 
lh>o  uttiiiulf  wliicli  nni-  Uikt-K  itunliintHrily  wlicii,  nftcr  wnrking  at  a  de^k  for 
u  long  tinif.  liL'  (itaii'U  up  and  Rlrotchw  himetlf  (Fig.  y3).  It  is.  therefore, 
to  bo  at^iinicfl  thai  siirh  a  L^trelching  of  the  trunk  and  nf  the  extremities  acU 
favomhly  upftn  the  veimus  eirculalion,  whit-li  has  btfii  {ItsliirWd  hy  sitting 
too  tong  ( l'*ig.  tM).  and  thia  tjuite  indepenileatly  oX  the  direct  eflcct  of 
muscles  and  fasria  Uiraune), 

](  may  hiif>pen  ul  Liutcs  iliat  a  greater  fjiiantity  of  hlond  Rowf>  to  the  right 
heart  Ihau  can  bv  dispn^pil  of.  Tlii«  i«  pns^lhle,  for  example,  when  a  powerful 
vatoconstrivtion  occurs  ihmughouL  a  large  vaeeular  n-gioti.  A  large  quantity 
of  blood  IK  then  fort-L-d  from  the  arteries  into  the  veiuif.  and  from  the^  to 
the  right  Iwart.  whih-  at  the  same  time  the  di!*harp'  of  bioml  from  the  left 
ventriele  Ihnimiu's  iiitire  difliciilt  on  account  of  the  high  ri^ii^tanec  in  (tie  con- 
tracted arteries. 

We  do  iio(  know  how  often  or  lo  what  extent  this  may  happen.  We  only 
know  that  after  e.Nllrpatlnn  of  the  li^-er.  the  portal  vein  haring  been  previously 
connected  wilh  the  inferior  vena  cava,  the  heart  is  found  dilated  to  il*  ntmrnt, 
and  the  great  veins  an-  lillixl  swelling  full  nf  bimicl  (Slolnikow).  The  liver 
take?  up  a  coiuiderabli.'  <)uanlily  oi  blixxl  like  a  cijuiiye.  and  prottvta  the  right 
heart  from  an  nvcrsupply,  just  as  it  aids  in  the  relief  of  the  heart  when  over- 
dutention  occurs  a^  a  re?^ull  of  trunffui<ioa  (cf.  page  :!0T). 
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8«.    THE  LESSER  CIRCULATION  AND  THE   RESPIRATORY 
VARIATIOFfS   OF    BLOOD   PRESSURE 

A.  THB  PULMOIIARY  CIRCULATION 
In  general  the  same  lawt^  whicb  wi-  bavr  b-ariuHl  in  our  study  of  the  blood 
movementR  in  the  greater  circulation  hold  good  for  the  leaner  circulation. 
TtiH  pre48Urc  ji*  dependent  upon  the  quantity  of  blood  dischargefl  from  the 
right  tHvirt  and  upon  the  re»i;>taneo  in  the  pulmonary  Tc:<«els.  The  ({uantity 
of  blood  whirb  the  right  vrntrirle  forcej»  into  the  pulmonary  arteries  defMjnd-i 
upon  thf  quantity  «if  IiIikkI  whirh  flows  from  the  gnsiter  circulation  through 
the  vena*  cava*  into  the  right  heart.  This  quantity  is  determined  partly  by 
event*  in  the  aortic  system,  and  partly  by  the  prewure  ehangea  in  the  thoracic 
cavity  which  at-mnqmny  (be  different  phajws  of  respiration. 

Thuit  every  biiidronoo  nf  any  moment  to  the  flow  of  blood  into  the  Ten»  cavw 
reduce*  iW  pn'twiirf  in  the  pulmonary  art^ri**)*.  An  increased  supply  of  bloo<l 
to  the  riplit  heart,  such  for  example  a»  i»  bnmKbt  about  by  jMiwerful  contraotioo 
of  the  abdominal  vessela.  inereaiHv  the  pulmonary  preasure. 

We  hare  already  eni|»hajiized  the  fact  that  with  each  act  of  inspiration  the 
thoracic  cavity  exerts  suction  on  the  bbxal  vessels  which  enter  it.  The  right 
ventricle,  therefon*.  rec<?iveft  more  bliMjd  during  iuhpiralion  than  during  e.ipim- 
tion ;  neTerthele»«*  the  pressure  in  the  vontriete  ilscif  (Talma)  and  in  the 
pulmonary  arteries  (Knoll)  declines  only  to  rii«e  again  at  the  next  eipiration. 

Thwe  vnrialiont"  "f  b1oi>d  pr»'SRure  are  caused  partly  by  ibe  effect  of  varia- 
tions in  the  iiitratboracie  prcMUre  on  the  thin-walled  rijtht  ventricle,  and  partly 
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hy  ihcir  vffc^i  on  The  rfiotnplcr  nt  iho  vcrtMrlfi  in  tin-  liitiji!'.  The  rliamptor  of  thfwe 
TPftspls,  m  d'Arwn%*nl,  Pc  .lager,  Hi'^cr  iiiul  (jiIhth  hiivn*  hhowti.  ittt-rtrjusrii  wiih 
the  ex|titn»ii:)n  of  tlic-  Iuiik'I  during  iiispirHiioEi.  miil  clt-<.'roii^-s  with  th>-  colltijise 
wf  llu-  hiiiK'*  iIiiriiiK  f-xjiiratinii.  Sim:**  tht*  twi>  farlors  opirale  iii  thtr  xatnv  direc- 
tion, there  rniiiuuii  for  ub  to  dL-tLTDiiia-  U.)  wh'teb  of  th'-'iii  tlit-  jtrwiU-r  KJK'iitif'mn'o 
is  to  br  itscribi'd.  We  rauril  first  iiiqiiire  tti  wlmt  exlt'iil  tin*  n'sirtrniicT  in  iHp 
piilmifniiry  vpftscls  is  changed  by  l!ie  different  phasra  of  n'spimtion. 

This  qui^elion  dtn-s  uot  admit  of  u  direct  aujtwcr;  but  we  h«vi>  cortain  well- 
established  facts  which  show  very  cleotly  that  the  resislance  in  the  pulmoiiaTy 
ckanneis  is  in  general  so  itmall  that  uiily  a  eoiisideriihle  ebaiijie  in  the  diaraeter 
of  the  vi'WKolfl  couh)  exercise  upim  it'aiiy  very  marked  influeru'c. 

Wp  should  inonlioii  first  the  resnltn  whieh  IJehtlieim  obtiiined  by  occluding 
II  hirge  part  nf  the  pulmoiinry  vt'sseU.  Il  wan  -hown  with  tUiy;^  which  rceeived 
artificial  respiration  by  rliytbmieal  inflation  of  the  lungs,  that  abmit  three- 
fourths  of  the  terrttury  supplied  by  the  pulmomiry  arteries  couhl  be  shut  out 
without  diminishing  in  the  least  the  flow  of  btnod  to  the  left  veiitrirle.  Again, 
the  h-fl"  picuni]  cavity  of  »  rabbit  breathing  iialurally  has  bciMi  openwl  without 
interfering  with  the  mpiriLlioti  on  the  nther  t-idi.-,  and  the  etilirc  left  hnig  tied 
yfl  at  the  hilus:  yet  a»  a  rule  no  fall  of  blood  pressure  was  observed  in  the  Brealer 
cin>  Illation. 

We  may  say.  fheu.  (hut  one-hnlf  (in  eiirarixcH  nnimnls  stiH  less)  of  the  piil- 
mnnary  Mood  ebniiii't  t*  iiii-iiifh  ti<  siijiply  the  ncceasBry  quantity  of  bli">rl  to 
the  lefl  heait.  The  expltinKlion  might  he  wUKhl  in  an  iTH-n-H.-ed  bloixl  pres-ure 
in  (lie  li-jtMT  cireulution  and  a  c«usei|uent  greater  dilatation  of  ihe  vewiel*  which 
romain  open.  Hut  the  inereasc  in  presw'ure  is  so  insignilieaul  (it  never  amounts 
to  more  than  n  few  milliineierx  of  Hg.)  (hut  t(  U  ver>'  doubtful  whether  it  could 
produff  such  an  effect™  Again  we  might  imagine  a  vftsomi)tor  iufliieinv  upon 
tliC  pulmonary  veiwU;  bul  the  fads  which  we  have  jil  pre«i'ii(  en  this  subject 
scarcely  point  to  miy  eonffidenible  direct  conlml  of  ihene  veI•^*l^  by  the  central 
nervous  system,  Kiuully,  il  i»  por^yible  that  under  iiomml  ein-nmstanees  ibe 
lungK  an?  never  unifomdy  filled  wilh  hlotid,  but  that  eertnin  rt^ionw  remain 
relatively  empty,  being  made  accessible  to  the  blond  nnly  by  unusual  opportuni- 
ticA  like  that  just  mentioned. 

he  this  88  it  may,  it  certainly  follows  from  the  facts  before  ub  that  the 
resistance  iu  the  pultuonary  veiteels  i»  very  ^mull.  Thit<  eenelusion  h  cm- 
firmed  also  by  facts  wbieb  we  posmsw  concerning  the  velocity  of  the  blood  flow 
in  the  lungs.  Stewart  has  nhowii,  for  example,  that  a  foreign  fluid  injtrled 
intit  the  jugular  vrin  p«>iM-«  Ihe  lesser  eirculwlimi  in  ibrcB  tn  ffiur  jwcoiids. 
When  the  lungs  are  inflated  by  a  positive  internal  pressure  suflieieiit  to  stop 
thi-  How  of  blood  in  the  |iuln)iiiiar>-  vewwls,  and  the  lungs  sm-  ilicn  ndensed, 
the  prawurc  in  the  grenter  circulation  returns  to  its  normal  height  in  thiw  to 
four  aeconda. 

In  view  of  this  low  prewure  in  the  pulmonary  vemscK  one  hi'sitatea  to  sup- 
pose that  the  chauKcn  in  their  diameter  which  take  place  in  spontaneous  respim- 
tion  as  the  direct  result  of  allerati<<iiH  in  the  lung  tissue  can  play  the  more 
important  part  in  detonnining  the  vnrintinns  of  blond  pressure  in  the  lesser  cir- 
culation. The  /^hatiffra  in  inirathoraetc  preasurt  are  much  rather  to  be  nwigned 
the  plnee  of  first  importance.  l"he  pressure  In  the  right  ventricle  falls  in  iudpi- 
ration  not  chiefly  because  the  vessels  in  llu?  lungs  dilate  a  litLlc,  but  because  the 
impiratory  suction  distends  the  heart,  and  vife  vtraa, 

Tlie  blood  pre:?surc  in  the  pulmonary  arteries  is  very  low  nn  actount  of  the 
low'  rGsistance  in  the  smaller  pulmonary  vessels.     On  the  average  it  amounts 
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in  Uie  do^'  tu  aboul  '-'(.>  mm.  Hg..  iu  lhi>  cat  tu  about  18  und  in  lliv  raUril  to 
aboul  15  {ft.  |WK*>  1*1)). 

Ait  nii-ntidniHl  iilmvit  (pa;.'*'  -f'^*).  Hie  pressure  in  tho  greatt-T  i-inriiliiiiim 
in  Ihe  KuniL*  itidiviiluiil  iriav  i-\liiljit  gn'^l  varialionH  fruiii  dik.-  mntiK'nt  to 
iinotlior.  The*  imlMionnr)-  cirtulntion  is  entirely  different  in  this  rt-spoct.  the 
prtrssunr  viirialiou-s  Ihi-Te  liein^  on  ihe  whole  very  !«mall — ftcarcely  ever  more 
ihnii  [O-lTi  Turn,  luiiler  nnniinl  iMreuniKtnnei-^. 

It  fnilnwi.  that  tlif  work  of  the  left  ventnVle  mnst  mrif  in  amount  murk 
more  than  lltat  of  the  right,  and  this  U  hornc  mit  alao  hy  the  fart  that  iho 
left  ventricle  becomes  more  or  less  fati^^on],  when  the  right  is  still  entirely 
cajjnhlp. 

The  li!iaw>r  circnlalion  is  depondeni  upon  the  prreater  not  only  bpcanse  it 
druwx  ittt  supply  from  the  Tonit-  rnvir.  but  nlso  Ixvausp  it  mist  delivt-r  iln  blood 
to  thf  left  v^-ntrii'h'  unci  lU*  is  iiff^vtcd  li>*  lb<'  rtnidilnnis  of  thr-  MimhI  flnw  from 
that  chamber.  If,  for  example,  the  left  ventricle  is  unable.  Iwcaiiw  of  hi^ih 
re^isianee.  to  <liM-hiiree  nil  the  bhxKl  cominR  to  it.  »o  thai  a  eertnin  qnantity 
Hrpumuliiteii  within  thifi  churribLT.  a  hIhi^'  nf  iitfairH  will  finully  Ih>  n.-ai-hed  where 
rhe  fli^w  from  \\k-  r\v.\\\  heart  is  hindered,  which  in  fnet  Huh  been  ex|)eri mentally 
demi'itstmteij  ^WbIUt). 

In  pMiural,  however.  tbi«  reverse  effect  <yi  ihe  left  heart  on  the  right  in  wnla 
tUght,  a  fact  nssocinted  wiih  ihe  Krt'et  capacity  of  Ihe  pulmonary  vesftels.  The 
lungs  serve  the  name  purpose  with  n-«perl  to  the  How  of  bU>od  into  the  left  heart 
as  does  the  liver  with  rcHpn't  to  ihf"  fluw  of  hliHxl  to  the  rijfhl  (ef.  pape  32"). 

Moreover,  the  Rreat  capHcit.v  o(  ihf  pulmonary  vcsjtclst  hft:*  thin  ndTunlo^, 
tlial  in  ureal  re»i»inilor>-  distre>(s  wlwre  Ihe  vewwU  of  the  (trt-ftter  rirmlation  are 
powerfully  contrHrleil,  the  (rreatent  possible  qmintily  of  bliKnl  is  exiKMCtl  to  tbo 
alveolar  air  and  the  greatest  prMHthte  quantity  of  osyjien  i»  tlierefore  ul>sorbod. 
By  thisi  mean;*  tin:  blood  ix  relieved  of  the  proiluet^  of  eombustiun,  and  the  influ- 
«nct>  which  these  exert  through  tbeir  stimulation  uf  the  vasomotor  centem  is 
dimiiiislied  lu  f>ome  extent. 
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B.    RESPIRATORY  VARIATIOHS  OF  BLOOD  PRESSURE 

.Tu»|  as  the  Jes-HT  eirculalioii  is  influenced  in  several  re-ipecl-  bt/  Ihe  jtreater. 
it  in  turn  exerts  no  ksi)  an  influeiirc  upon  tho  greater.    Consequently  there 


i      ,  g. .    ^  ,   f-    , 


Flo.  M. — V'»rintion*  nf  the  mnnie  blood  pnamtn  in  Iha  ilog,  due  to  noimftl  mpirmlory  ntcrve- 
tnrtiU,  «fl«r  l>r  iuKCT.      I,  ilupiraiMn:  K,  r^tpirntioci.     To  \x  nrktl  rrum  right  U>  IWt. 

appear  in  Ihc  aorta  variations  of  blood  pressure  vhieh  are  8)'nohronnuR  with 
the  respiratory  movements  and  are  dnulitieM  dependent  upon  the*  nnd  upon 
the  variations  lu  the  pulmonary  circulation.  Tlie  meehnnism  by  which  tliew 
inlluericejt  are  hronghl  to  bear  are  rather  complicated,  aud  we  hare  to  take 
into  aerount  the  followinj;  conditions. 

TIh>  followinK  circtmutances  tend  durinn  Inapirution  to  ineretue  IV  hUmd 
pressure  in  tlte  aorta: 

(1)  The  aapiration  of  the  Mood  to  the  riffht  heart  inrraaaes; 
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(2)  The  diuBlolc  of  the  hpnrt  ift  fa%'oppd ; 

(3)  The  Aow  of  the  blood  in  the  pulmonary  vetiHels  is  facilitntMJ  bcoaiiftp  nf 
their  dilatittion; 

(4)  The  pressure  In  the  ubdomiiial  {.•avit^'  inonrase^  because  uf  the  ileacent 
of  tho  tliaphmjiri";  mid  the  blood  in  forced  in  Brealer  quantity  to  the  riirht  heart. 

Thr  following  cirL-iimnlatit'C*  tend  to  towfr  the  noriir  presittirr: 

(1)  The  heurt  H,v»toIc  i»  rendered  more  difficult  because  of  the  increased  buc* 
tion  in  the  thorax; 

(2)  At   the  beKiiiiiinn  of  inspiration,  while  the  pulmonary  vesjiels  are  atill 
dilating,  a  jmrt  of  the  blood  (apelled  from  the  riaht  vt>riCri<.'k'  must  remuin  in 


Fio.  96. — K«ipimt<irv  v-nrinumui  of  blood  pn-.-wiin-  iti  Hit-  raUbtt.  To  be  read  (mm  right  bi 
Ittl.  Tlif  iif>]>r>r  liiir  n-iin^wnlit  l1i«-  tilomi  pmaakLrr.  th<>  BnkliJIr  linr  tlir  rni|>im(or}'  tnov^ 
menu  (dovnnnrd  ^trolcc.  iiuipinkUoii >,  ihe  lower  Lm'  xUe  liim-  rL>iror>L  id  BL'oonda. 


Uwiu.  and  b>'  this  ciii'iini^  the  mass  of  blood  flowinc  froiu  ihi'  K-fl  heurt  decreases 
until  the  ptilnifinury  vi'iiHehi  have  been  tilled,  after  which  the  Huw  i&  increased. 
In  expiration  naturally  theite  nicclianinmB  work  in  the  reverse  direction. 

Among  thiusp  factors  the  aitrralions  of  bhod  fiow  to  the  ri^ht  heart  is  of 
the  first  iMii)ortiin<'<*.  The  respiratorj'  variatJoris  nf  the  norlic  pro!*)*iire  ^it- 
neswcil  in  H  tlo^'  hn-athingijuietly  (KiK-  ^5)  cnuM  In-  explaitu'd  therefore  in  the 
fnllowtiij;  manner.  Ju  expiratiou  the  right  heart  hiMn  \w»  blood  al  it^  dispotial, 
iho  left  heart  receives  less  blood,  and  the  aortic  pro-isure  falls.  When  in-jpirii- 
tion  f^ii  in,  and  tlie  tlow  to  the  right  heart  iKvnmus  greater,  it  can  drive  a 
greater  quantity  to  the  left  hwirt.  and  the  nortic  pressure  rii*e*i.  But  a  short 
lime  must  always  ela|)>tn  licfnix!  this  inereni^ed  t^npply  in  the  right  heurt  can 
be  folt  in  the  left  heart  and  in  llw  aurtu:  hcuce  ut  the  lK>giiiiiiug  nf  iiiKpiralioa 
the  prctwuri'  is  Tililj  falling.  Likewise  at  the  veri*  beginning  of  the  following 
expiratiiui  the  rij:ht  heiirl  ^till  has  at  its  (lispo.-(al  a  jiortion  of  the  Increased 
Rupply;  Ihe  ri«'  in  pressure  in  the  aorta  continues*  therefore  for  a  luumcnt 
nntil  the  diminished  supply  to  the  right  heart  can  Iw  felt  on  the  left,  when  the 
aortic  prcosurc  begins  to  fall. 
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Whim  tho  rate  of  rwpinstiou  is  somewhat  more  frequent  (cf.  Fig.  90),  the 
tiillueiit'U  I'f  cxiiiration  i»  felt  for  the  first  duriiii;  llu>  followiiiK  in!>piratiuD  and 
vice  vema:  thf  airrlii^  pmwuiv  necs  tlx'Tefniv  duriiii;  cxpiratimi  uiid  fnlU  duritiK 
inttpirntion. 

Tti  alitl  more  fr^ucnl  and  ^iIirIIow  breathing  the  vnrialiona  of  the  flow  M  the 
riglit  ht-nrt  aru  hu  Hliglit  ibut  nu  rwi|iirati)r>'  varialiuus  of  blcnid  pntuturi!  up|jcar 
in  lh<^  Krentcr  riivnUtidii. 

B«id«*  ihow.  ciTUiiii  nenroua  cwnts  tytorcise  an  unmismkablp  influence  on 
tho  rospiralory  vnriatMiiis  of  blond  prrsniin*  in  iho  mirln.  During  oxpirntiftn  the 
puW  rata*  daH'reiifie*  in  i'i>ii»C(|U«-nov  of  an  automatic  ^timulatimi  nf  th«r  vaifUA 
(depivwor  efft^-t],  nixl  ibf  vo^culHr  tuiiut»  im'reB»ei»  mt  the  result  nf  an  mjUnnatio 
atiuiulaltuQ  of  tla-  vuMuiioiur  iitTVt-s  (pn»8ur  tilfcl).  Thwte  faeuirs  mukt^-  ihem- 
(wlvpa  felt  only  with  a  rhythm  whirh  ia  not  too  rapid,  and  oven  then  they  may 
lint  be  nbU^  to  alli>r  the  (^ourwc  of  variutions  in  the  aortic  pruMure  pniduoed  by 
thf  nifchanirnl  factors  fllr<>ady  discuAiied. 

Still  other  mon-  or  h-sw  reKiiIjir  vartaliouM  uf  pre^Miir^-  (Traiilj*-Heriiin  wave*) 
occur  in  tho  iiorlic  Kytttein.  wliieh  may  run  parallel  with  i<i.'rlaiii  iM'riodie  rann- 
tions  in  the  frequeney  and  depth  nf  rc^pirHlioii  i^xli-mlinir  uvit  wTi-nil  respira- 
tory oyoltot  (('liiy"""^''ilte*  breatliiiig.  Chapter  IX)  uP  may  be  entirely  imle- 
[leiidcnt  of  tluin.  Hut  further  di»cu«iiun  of  their  nature  wouUI  h-ad  u»  too 
far  at  this  time. 

Artififiat  respiration  gives  in  all  rpKiM.>ettt  juKt  the  rerenc  eifeeta  of  natural 
reapinition.  Thus  with  inflalinn  of  the  lunps  the  hlond  flnw  to  the  right  heart 
ii  n-nderod  mon-  ditTteult  on  aecouni  of  the  [KtAitive  Intrapnlmimary  prei»ure, 
and  the  n^miltiiiit  eomiir»-ii»iim  of  pnlninniiry  vi^m-U.  Thr  eotisenuemi-  i»  that  the 
aortic  pn-iu-urv  riiiev  ul  ihe  betrinnittB  uf  inHutioii,  and  fulU  a^ain  in  tho  further 
eouree  of  the  same  phase. 

The  eauae  of  ihene  ariifieiol  pressure  Tariations  must  be  mainly  the  aUfra- 
tibnn  in  diamfter  vf  thr  jmtmattarp  rfUrtit.  At  t)ic  bi'KinniiiK  of  inflation  the 
biwxl  prestiure  rifteM  becnuM*  of  the  compreswion  prwiui-ed  and  the  consi.>quent 
emptyinff  of  lh<.'  blood  toward  the  heart.  The  Rubite<]uent  fall  i»  the  nwult  nf 
(he  inen-aeed  retiitilaniv  in  the  pulmonary  vuMcla.  At  the  bevinniud  of  thv  arli> 
firial  collapse  a  certain  quantity  of  blood  remaini)  behind  in  the  dilal4-d  rciVM>la 
and  thi^  prei^ure  sinkii  still  farther  nntil  the  influence  of  diminitihe<1  re^istaneo 
in  the  pulnionary  ve«wtfl  Riake«  itM-lf  f(-ll  and  the  left  heart  ia  more  abundantly 
supplied. 

§9.    VASOCONSTRICTOR   NERVES 

Tho  ninscular  TOUt  of  tlie  bl«^>d  ve^wls  i.s  under  tin-  intluent-e  of  Iwo  kj 
of  nerve  lilR-r«,  natiielv,  those  through  wh«.-»e  exeitalion  the  niuwie  filnen* 
catii*c(I  to  contract  (vaeoronstrirtor  nerre*),  and  Ihovc  through  whui^c  cxciUi- 
liuU  Ihe  innK-It-  TiU'rw  are  cjiuw-d  to  n-lrtx  { r».ii/diUt(of  hitvi'm).  The  fomior 
wi're  dirtitJventl  bv  Claude  IVernnrd  and  Brnwu-S^|iianl  ( 1H.M.  ISM).  Ihe 
IoIUt  by  Schiir  085.1)  and  Claude  IVrnard  lISiVH).  The  im(»«)rlance  of 
the  Toiioniotor  nerve:*  for  the  circulation  uros  lirst  clearly  n:)tuhliAbcd  br  Lnd- 
vig  (18«il>. 

If  th«  c^rnVrt/  s^mpothftir  ///  rtxf,  one  olnten-en  anmnfc  oilier  things  tlmt 
the  Tessol-t  of  the  ear  dilate  so  that  small  arteries  and  veins  which  wer»'  for- 
merly invisible  now  Nlainl  mil  clearly.  If  the  edge  of  the  ear  he  MiipfKnl  off, 
blood  flow*  more  freely  from  the  wound  than  before  »)ection  of  the  nerve. 
The  tem|)cralure  of  the  ear  is  hif^hur  than  that  uf  the  other  side.  Blood  flowa 
10 
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(2)  The  diaalolc  of  the  heart  h  farored; 

(•1)  The  tluw  of  the  blood  in  the  pulmonary  veasel*  is  facilitated  becauae  of 
their  dllutatiuu; 

(■!>  The  pressure  in  the  abdominal  cavity  inerea»cs  becau&c  of  the  desoent 
of  thtMliiiphru^m ;  uiid  the  bluud  is  forced  in  (creator  (|UHiUit.v  tu  the  riinrfat  he«rt>j 

Thi>  foliowiiiK  rin-unistanecs  tend  to  lover  ihf  aoriit^  prtiutnre: 

(1)  The  heiirt  sjTstole  i»  rendered  more  difficult  bet-atiae  of  the  increased  »i 
tioii  ill  the  thornx; 

(2)  At  tho  hc'iriniiing  of  inspiration,  while  the  jmlmonary  veBBcls  are  still 
dilating,  fl  imrt,  of  ihp-  blood  exiK-lled  from  l\xe  rit'ht  veniriclr  must  remain  in 


f\  A 
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them,  and  by  lliia  nu-ana  the  mass  of  bbiud  HowinK  from  thf  lefl  hcnrt  derreas 

Uiitil  the  pulmonary  vp!*seU  have  been  filled,  nfier  which  the  flow  \*  iucrraiicd. 

In  ejipiratton  notumlly  these  meehnniHnut  work  in  the  reverse  direction. 

Amon^  thc«!  factors  the  altrratiom  of  htnod  flow  li>  the  right  heart  is 
the  tir-it  iiiifjorlanfe.  The  rewpiriilorv  variation-,  of  Iht*  aortie  prpw^iire  wit 
ne-sw_il  Id  a  dng  breathing  quietly  (Fig.  1*5)  coiild  be  explaini'd  therefore  in  thi 
following  manner,  lu  expiration  the  right  heart  has  less  blood  at  iu  lUsjiosul^ 
tho  left  heart  receives  l&w  blood,  and  the  aortic  pressure  falls.  Whon  iiidpira- 
tion  t%U  in.  and  the  How  to  the  right  heart  bmnnes  greater,  it  can  drive  a 
greater  tiuantitv  to  the  loft  heart,  and  the  aorlie  prOKsure  ri«».  But  a  4iort 
tiino  niufit  nlwavA  elapi*  before  IhJs  increased  iiupply  to  the  right  hi^art  can 
he  felt  in  the  left  heart  and  in  Ihe  aorta ;  hence  at  the  beginning  of  inH[»iratii>n 
the  prCRHiire  ts  still  falling.  LikewiM?  at  the  very  l^eginning  of  (he  following 
ospiration  the  right  heart  still  Im.-*  nt  'ma  disposed  a  portion  of  the  inereased 
supply;  the  rise  in  pressure  in  thn  aorla  continues  Iherefon?  for  a  moinentj 
until  the  diminished  supply  to  the  right  heart  can  lie  felt  on  the  left,  when 
aortic  prcsifurt  begins  to  fail. 
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When  ili«  rate  of  respintioii  {a  Bom<m-hat  more  frttiiicnt  (L'f.  Fig.  90),  thi; 
infliit-ntf  <if  trx|iirutiiin  \s  fell  fnr  iho  firHl  during  the  ft>ilowiii}r  icHpiratinn  nnil 
viff  rfrta:  the  uortio  prfssurf  risc-s  thrix-fore  during  i'X|)iratioii  and  falls  during 
io8|)iriiti<in. 

Ill  still  Difirc  frequent  and  shallow  breathing  the  rsriation!!  of  the  Sow  to  the 
right  hi-arl  art-  »o  islighl  ihut  no  rti(])iratur>'  vuriutions  of  bluoil  prfSNun-  appear 
in  the  greater  eirculation. 

IVi^iH4>»  thcAf*.  ot^TtMiii  nervous  VT^nts  merciMi  »n  unmiKtakublt.'  inHut>nce  on 
thp  rt-api r»lor>-  variations  of  blood  presHure  ID  the  aorta.  During  expirnUon  the 
pulse  rftu-  de<:rfii!«e8  in  eonwquenoc  of  an  outoinatie  »(tiniulatit>n  vf  ihi-  vauus 
(depreseor  i-ffect),  and  the  ra)M:iilar  toniiA  increatu^  ms  tht>  retiult  of  an  autoniatio 
atimuluiion  of  ihe  vasomotor  ner%-es  (pressor  effect).  Thc«e  faelors  make  them- 
selves felt  only  with  a  rhythm  whieh  is  not  too  rapid,  nnd  even  then  they  may 
not  he  able  to  Hlt4>r  the  4tiiiT«e  of  v»riution«  in  the  aorlie  pmwure  product^  by 
the  me^honieal  fnctorti  already  discussed. 

Siill  otla-r  mure  or  k-^«  reinihir  variation)*  of  pre8)>ure  (Truube-lleriiig  wave^) 
occur  in  the  aortir  RyMcni.  whieh  may  nin  parallel  with  er-rtiiin  jieriodie  %-arifl- 
tions  in  the  frt-t(Ufncy  mid  depth  uf  r<>!ipiruliuo  extending  ovi-r  wveral  n-Hpiro- 
tory  eycle*  (Clu-yne-Sloken  bn.>alliing,  Cbajiter  IX)  or  may  Iw  enlin-iy  inde- 
|M.-mlfnt  of  thera.  But  further  discusiiion  of  their  nature  would  lead  tu  too 
far  at  this  time. 

Artififial  rftpiratioti  givefl  in  all  respect*  juat  the  rwene  effeeta  of  natural 
rMpiration.  Thus  with  inllation  of  eh"*  lungs  thr*  blood  finw  to  the  right  heart 
i»  reodereii  niori-  <litiii-ult  uti  uceount  nf  tliv  pi«i(ive  )utnipuhi;<ittiiry  pn-M-ure, 
and  Ihe  iveulling  compn's^jon  of  pulmomio-  ve!isels.  The  eunscqiieiiee  is  that  the 
aortie  preKt-ure  ri^es  iit  thi-  beginning  of  indatioti,  nnd  fall«  again  in  the  further 
cuurse  nf  the  aame  phaMe. 

The  cause  of  these  artificial  pressum  variations  must  be  mainly  the  allero- 
liont  in  (tiam^lfr  of  the  pulmonarif  vessel*.  At  the  Ufciuuing  of  intlulion  the 
blood  pressurt-  ri»e«  ht*eau»o  of  the  eompn'K»ion  prodm-ed  and  the  consequent 
emptying  of  the  hlood  toward  the  heart.  The  Ruhsequent  fall  is  the  result  of 
the  inerenscfl  resistance  in  the  pulmonary  v<w(els.  At  the  beginning  of  the  arti- 
ficial eolIap.se  a  certain  quantity  of  hlood  remains  h4>hind  in  Ihe  dilated  veskAelo 
and  the  prcnttire  MirikH  "till  farther  until  the  influence  nf  diininixheil  rf*iitane* 
in  the  pulmonary  veswU  maketi  itself  felt  and  the  left  heart  ix  more  abundantly 
supplied. 
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Tlie  niiLaeular  cost  of  tlic  bluod  vi^Mtls  \»  under  Ihe  inllueneo  of  Ivo  kinds 
of  ner\"e  liluT!'.  namelv,  thojie  Ihitmitli  wlnwe  exeiLilmu  the  muffle  fil»erH  are 
couiin*(l  Ii>  ronlracl  {vatittrimstnrUir  nfirrfji),  himI  lliow^  thn>u;:h  whose  excita- 
tion the  inu>ule  lilwrs  an.'  ciuimtc)  (o  relax  IraiodiUitor  ncrr«).  The  former 
nen-  discovered  hy  Cliuide  TV-niiird  nnd  lirowTi-StiiuHrd  {IK.M.  IS.i:;).  the 
lotter  h_¥  Sehiff  (1855)  and  C'Inude  Reman)  (ISJH).  The  im|>ortnnee  of 
tlie  Tai*onioti>r  nijr\'(«  fnr  iIk-  cireulalion  vn*  ^lr^l  ehiirl^'  e«(«h|iM|n<«]  h,\  l*iid- 
wig  (18ti4). 

If  the  rerrirtil  sifmjxtthffic  hr  ait.  one  ol»»er*u»  ainouj;  o{her  thinp:  that 
the  reweU  of  the  ear  dilate  so  that  flmall  arteries  ami  veins  which  were  for- 
merly invisible  nov  stand  nut  clearly.  If  the  edge  nf  the  enr  l>c  snipped  o|f, 
blood  flows  more  freely  from  the  wound  than  hofore  section  of  the  nerve. 
The  ten)pcmture  of  tlic  ear  h  higher  tluin  that  of  the  olhpr  side.  BUhh]  llowii 
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more  rapiilly  tlimiigh  tlie  or^aii  ami  ilora  nnt  Iiave  lime  to  undergo  ihe  changes 
whirh  it  otherwise  would  ia  the  capillariei»;  the  color  of  lh<*  vpnoim  hlood  js 
therefore  lighter,  and  its  pmpcrtipa  arc  siniiljir  in  thuHO  of  arU'riiil  Mikh). 

If  now  the  nid  of  the  cervical  ftimpalhctic  toward  the  hvud  be  stimulated, 
the  arteries  are  constricted — with  powerful  stimulation,  so  much  so  that  their 
lumen  disappioars;  the  venous  hlood  flows  slowly  and  has  a  dark  color;  the 
blood  floWK  but  fucbly  from  a  fresh  cut,  and  the  temperature  of  the  ear  foils. 

Since  section  of  the  cervical  sympathotic  causes  a  vasodilation  of  the  e^r, 
and  its  stimulation  constricts  the  blood  veasela  in  the  same  ear,  it  follows  lluit 
this  nen'e  must  contain  fibers  which  pret>ide  over  contraction  of  the  muscular 
coat  in  these  vcswelsi — i.  e.,  which  are  vasnconiitrictor  filwrs  for  the  cjir.  It  fol- 
lows moreover  that  these  nerves  must  be  under  ionic — i.  e.,  continuous — stimu- 
Ifilion  from  the  central  nervous  system. 

Now  we  have  nerves  running  to  all,  or  at  least  to  most,  of  the  arterial 
regions  of  the  body,  which  have  the  same  properticj?  as  those  junt  described. 
The  vascular  lonun  maintained  by  their  con!>tant  stimulation  i«  of  the  utmost 
importjuiet'.  For  should  all  Ihe  vessels  for  any  reasdn  be  (omplett^ly  n-laxi'd. 
there  would  collect  in  Ihem.  csjicfially  in  the  veins,  so  great  u  qiiunlity  of 
blood  that  the  volume  flowing  hack  to  tho  heart  would  not  be  sutlicient  to 
maintain  the  necessary  supply;  the  blood  pressure  would  fall  to  a  low  level 
and,  although  the  heart  might  continue  to  act  for  a  time,  it  would  I»e  unable 
In  oecoiiiplish  nnylhing.  All  of  which  meant*  that  the  total  (juanlity  "T  bhmil 
in  thu  body  is  suiliiMent  to  fill  the  blood  vessels  to  the  propur  extent,  only  when 
they  are  partially  tonstrictc-d. 

The  vasoconstrictors  are  given  off  from  the  central  nervous  system  in  the 
anterior  nerve  roots,  and  are  distribute*!  to  tlie  sympathetic  jiaths  throughout 
the  whole  body.  The  following  results  have  been  obtained  so  far  with  regard 
to  their  i»>ursc: 


ICoftt  of  the  Tflsoconstrictor  nprren  pads  out  from  the  thoracic  portion  of  the 
Hpiniil  cortL  The  ner*'«  ninninK  to  the  bead  arise  from  thi-  tir»l.  Id  Ihr  tiflh  iho- 
racie  nerves,  pass  over  into  the  eervivul  sympathetic  and  ar*?  dinlributed  to  the 
differenl  p^irtx  uf  the  bead.  Thit^  is  attested  by  the  fuul  thut  s(iiuuhitiun  of  the 
cervical  sympathetic  eniiscs  vasoconstriction  in  all  the  «rKiins  "f  the  head.  With 
regard  to  ihe  brain,  however,  results  arc  less  positive.  Wliilc  some  iiuthors  assert 
that  Lliey  liave  found  vHH*jronsl,rictur  iktvps  fur  llie  brain  in  the  nervical  sympa- 
thetic, uthvrs  Iiave  come  to  the  cunclusiou  that  although  nerve  fibers  Imvt  been 
demonstrated  anatomically  for  the  blood  vessels  of  the  brain,  in  Rcner&l  the  blood 
supply  to  ihis  or^un  is  not,  re^uiated  by  miana  of  vasomotor  ner^-ea,  but  by 
nllcrations  in  the  supply  to  other  orpnns  of  tbp  body. 

Willi  rL-ajM-ct  fo  ilie  further  coun*c  of  these  nerves  to  the  head,  our  informa- 
tion iH  verj-  iiifoniplete.  Acirordiciu  la  >«>[[«•  tliey  ii>i*j«  nvi-r  iiili>  the  syni|jalhetic 
pluxuses  surrouiidinfT  the  blood  vessels.  aeeonJing  to  fibers  (hey  uniti^  wil.h  ibe 
cranial  nerves.  The  latter  bus  been  demonstrated  for  Ihe  tongue  ut  least,  siuoe 
its  vasu(!onslTictnr  nervi^  run  for  the  most  part  in  Ihe  hypoghissuL 

The  vaiicio(in«lrielor  nerves  of  the  anterior  fxlremHieJt  pnwa  out  from  llie 
spinal  conl  in  the  third  to  the  tenth  thoracic  nerves,  those  of  the  posterior  ex* 
tremitii-s  in  ibc  eleventh  thoracic  to  the  third  lumbar  nerves.  It  is  stated  aluo 
that  the  vns«c{instrictor  nerves  of  the  toea  are  contained  in  the  aiztb  lumbar  to 
the  first  sacral  nerves. 
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Thr  tail  gets  its  viiBrnonKtrirtor  nvrres  frr>m  the  thirr]  in  tbo  fourth  lumbar 
ncnrs:  nnd  thr  dorsal  »uJe  of  the  trunk  fr;>m  th?  posterior  branch^  of  Like  Hpiiinl 
nerves  L-orreapondinR  to  the  different  seRinpntj*  of  tlie  hn'-k. 

Thf  ncrvps  pas**  from  (heir  oripin  through  the  trunk  nf  (he  F^-mpathptip 
■nd  frnm  ihrrp  for  the  most  part  to  the  dilTercnt  org«n»  of  the  body  by  way 
of  the  chief  uerve  trunks. 

The  vBsocoDBtrictur  nerves  of  the  nMomtnal  vitcan  leave  the  npiiinl  cord 
hy  ihe  third  thoracic  to  the  first  or  third  lumbar  nervea,  mn  for  the  most  port 
in  the  splancbn ies,  and  aro  diMributed  hy  them  to  the  differiMit  orgniui  of  (he 
nbdominul  carity.  Tl»^  nerve«  of  ih.?  hrge  inttittine  pan*  out  uf  Ihu  npinal  cord 
ill  ihe  wTciith  thoracic  to  the  Becond  lumbar  nenreo;  tboBe  of  tlw  (tt'*r  in  the 
sixlli  thoracic  to  the  oecond  lumbar;  tho#e  of  the  panertat  in  the  fifth  thoracic 
to  the  first  lumbar  nerve. 

Thr  vBBoennfitrictor  nenres  of  the  ori^aiur  of  gi^nentioH  paw  out  in  the  last 
lumbar  and  in  (he  firrtt  «Acrat  nerves,  and  proceed  to  their  end  arboriuitiona 
lhr«iigh  iKp  by])o);aAt rii-  plexus. 

TIm*  tuni/s  uUo  popscwf  vaMicunstrictor  nenrea;  BccnrdiTKr  to  Ihe  majority  of 
authors,  they  Ie«ve  the  Hpinal  cord  in  the  second  to  the  tit'ili  titoriK'ic  ijitvi-k.  and 
proeeeii  by  way  of  the  Kympaihetic  paths  In  the  lunnrw.  Ueeently  the  pecapTice 
nf  vaaomotor  nervra  in  the  Innga  hati  b<¥n  ahetolutely  denied. 

Vaaoconatrictor  nerves  appear  to  trsver«e  other  pntha  alao.  Thii«  we  find 
in  the  nec^md  and  thini  nerves  of  the  i^rvicnl  plf>xuH  VMNO<v>n!tlrietor  fiWrm  for 
thu  ti|»  and  lateral  parU  of  llie  ear.  which  n-ach  tbuir  destination  by  way  of  the 
aurieulariH  cervicali.s  nerve.  It  is  further  aswrtwl  that  the  VflgUK  cnnveyn  vasto- 
coii)«trictor  ncr\-«t  to  the  hftri.  1o  the  stomach,  to  ihc  int«»tin9  (nfit  confirmed 
by  all  authors)  and  to  the  kidnt^t,  and  aIho  that  in  it  ait'  ontnim-d  vm^riciin* 
stridor  fibcrv  for  the  lungs.  It  is  indeed  not  ini|K>i>»jbl4'  that  thf^  tih«-nt  intitht 
arise  from  the  nympathetic  (since  it  io  definitely  asserted  that  th«  vaf-fctiuslrictor 
uervcii  ju  the  aurieularis  cervicalis  arise  in  the  tburucic  sympathetic  and  run 
thrnuftb  the  titellale  ^titflion).  and  it  is  alno  caneeivable  thijit  they  actually 
belunt;  to  the  hranebes  of  the  vagus. 

B«'ani*e  of  Ihe  grenl  vascular  tprritory  committed  lo  their  control  the 
sphnchnicf  play  (he  nio<>(  iniportuQt  pnrt  of  all  vasomotor  Dervef.  Kor  thia 
re««ofi  the  Wood  pressure  fall*  after  bilateml  wctton  of  thf*e  nvrveti.  aud 
eliQwa  a  very  great  rise  on  tttimulalion  of  them. 

Conttrieting  nerve  fibers  have  Iteen  dcmnnrtrated  also  for  tht  rein*.  If  tba 
aorta  be  ttt>d  off  immediately  b<-iow  the  origin  of  the  left  subolavian,  and  the 
blood  tiupply  to  the  hinder  part  of  the  body  be-  thereby  out  off,  Htiniulutton  of 
(he  a|danchnicH  driven  through  the  ini'erior  vena  cava  into  the  right  li<>Art  a 
quantity  of  blood  which  run«  up  to  twentj'-seren  jwr  cent  of  the  total  quantity 
in  the  animaL  According  to  Hall,  this  is  caused  hy  contraction  of  the  portal 
system. 

Conslriclor  effecta  of  nerve  stimulation  in  other  veins  are  mentioned  by  dif- 
ferent authore:  but  R.  F.  Fuchs  has  published  experiments  in  which  he  nbtnined 
no  active  constriction  of  the  veins  either  by  direct  stimulation  of  the  vcinn  them- 
•clvoa  or  by  eteclrieal  ^stimulation  of  nerves,  wherefore  he  duuita  entirely  the 
prpitenec  of  vasomotor  nerves  for  the  veins. 

Finally,  the  muoculaturc  of  the  vcsscb  contracts  imder  high  internal  prea- 
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The  /<n7  KCta  its  vnwmonstrictor  nprvc«  from  the  third  tn  the  fourth  lumhar 
wrrra;  and  thn  dornal  itidr  of  ihf  trunk  fr  )m  thp  poHiPrinr  hnmchpH  nf  ihc  opinal 
nema  correftpondinfr  to  the  differrnt  srtmient^  of  the  b«ck. 

The  nervft*  paw  from  their  origin  throuph  the  trunk  of  Ihe  «7npathetic 
and  from  Ihere  for  the  most  part  to  the  (lifTcrcnt  orguiH  of  the  hody  by  way 
of  the  chivt  nenc  trunks. 


I 
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The  vasoconrtrictor  nerves  of  the  abdominal  vitctra  leave  the  ?pitial  cord 
hy  the  third  thoracic  to  Iht-  fir«l  or  third  luuihar  ncrvi-s.  run  for  Ilic  m»«t  part 
in  the  splaiichwicn,  and  an-  dislributed  by  them  tn  ihp  different  oryans  of  the 
ahdominal  caVit,v.  The  nerrcs  of  the  large  inttatine  posa  out  of  tbi?  spinal  cord 
in  th*"  scrcnth  thoracic  to  the  second  himbar  nerrea;  tbouc  of  tbr  lirftr  in  the 
Kixlh  thoracic  to  th«>  second  lumbar;  thow  uf  the  pancrtaa  in  (ho  fifth  ihoracic 
to  the  finit  lumbar  nervw. 

The  vasoconstrictor  ncrres  of  the  oraans  of  generation  paw  out  in  the  last 
lumbar  and  in  iho  first  tiacral  nervem,  and  pmoeed  to  their  end  arlioriuitiona 
thmtiffh  the-  hypr^artiric  plexus. 

The  lunga  dUo  poaaeaa  vanoconstrictor  nerves;  8<vordiii|?  to  lln>  mnjority  of 
authunt,  tbey  leave  the  Hpinal  cord  In  the  second  to  the  fifib  thorncic  ncm>»,  and 
proceed  by  way  of  the  sympathetic  patbM  to  the  luuipi.  Becantly  the  presence 
of  vasomotor  nerves  in  the  lunRt>  haa  been  nb^dutety  denied. 

VaM>confilrioror  neni-m  appear  to  trai-crw  oiKit  paths  nlao,  Thua  wp  find 
in  the  second  and  thini  iiervoji  of  the  cervical  plextm  vah<KN>nalricu.r  fiber*  for 
the  tip  and  laicrHl  portii  of  the  car,  which  reach  their  dt-stination  by  way  of  the 
nurtcuhiriH  <.-crvii.*»li!*  nt-rve.  It  it*  further  aiiM'i-tetl  tb»t  the  vaKU"  conveyn  vaso- 
ponntrielor  n«rv(M  to  the  hrart,  to  the  a/timacA.  to  Ihe  inltaUnt  (not  nmfirmed 
hy  all  authont)  and  to  the  iiidnei/».  and  also  that  in  it  arr  examined  vuoooon- 
Btrictor  6bcni  for  the  fun^r*.  It  id  indeed  not  impossible  that  theiM-  6)>rr!t  might 
ariac  from  t)u!  sym|>iittirtic  (since  it  i»  definitely  wutertett  that  th/»  vH)>(H-<mstrirtor 
nervea  in  the  auricularis  cervicalis  ariw>  in  Ibe  thoracic  lormpelbi-lic  and  run 
throuxh  Ihe  stellate  KaiiRlion),  and  it  is  also  conceivable  that  Ihey  actually 
belonic  to  the  branchea  of  the  vatrus. 

BwauHO  uf  ihc  great   Tnt^eutar  tcrrilorv'  eommittnl   lo  ihi'ir  cnnlrol   the 
itptanchnics  play  the  mo-t  important  part  of  all  vasomotor  aervcx.     For  this 
InMxrvn  the  hlood  prps.-«iire  fallK  after  bilateral  eectioD  of  thete  nen'ea,  and 
ehowH  a  very  great  rise  on  stimulatiou  of  them. 

Contlrictinti  iierYv  filiors  have  Wen  dcoionul ra ted  aliwi  for  tSt  irin$.  If  the 
aorta  bo  tied  off  immediately  below  the  origin  of  the  left  Bubotavian.  and  the 
liluod  »u[>ply  lo  the  binder  part  of  the  body  be  thereby  cut  off.  t^limtdniion  of 
the  ttplanchnicH  drives  through  the  inferior  vena  cava  into  the  right  heart  a 
luantity  of  blood  which  nina  up  to  twcnty-seren  per  cent  of  the  total  quantity 
in  lW  animal.  According  to  Mall,  ttiia  i-i  caused  iff  contraction  of  the  portal 
•yatcm. 

Confltriclor  effects  of  nerve  stimulation  in  other  veins  are  mentione^l  by  dif- 
ferent autlioni;  but  R.  F.  Fuchs  has  published  cxpcrimcnta  in  whieh  hr  •■htiiined 
no  aetive  constriction  of  the  veins  either  by  direet  i«timiilntion  of  the  veins  thcm- 
dvi»  or  by  electrical  stimulation  of  nerrca,  wherefore  he  deni«»  entirely  the 
re««nce  of  vasomotor  nerves  for  the  vein*. 

Fiually,  the  mtucalature  of  tha  veaaeU  coutracta  under  high  internal  pm* 
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!i.v  tliPir  fffppt  on  thp  diamotpr  nf  the  vPSHoIfi  in  ihr  Iimtr»'.  Tin'  dinnictir  of  thcsfl 
i-o«aels.  a3  d'Ar^oiival.  Dp  Jncrr,  Ilpfi'^r  anH  (nKors  hnvp  .slinwii,  iiHTcasi-s  with 
Ihf  **xi)aiisi(in  of  Ih*;  lungs  during  iiisjiiratimi,  luxl  detrfUsL-s  willi  iIil-  collitiiac 
of  the  luiim  JuriiiK  i'X|iir«liiiii.  Sim*  Uh-  Iwo  f»ctnr*  i)[)er8tt*  in  liic  sanif  ilirec- 
tioD.  there  romiiiiis  for  us  lo  dcterminL'  to  which  of  thuni  Uil-  tjrwitLT  KiKiiiti<.-titK-u 
is  In  be  ascribed.  \Vc  muBt  first  inquire  to  wKut  fxltul  thu  wsi^Min-e  in  thp 
pulmonnry  wtwt'ls  is  changed  l>y  the  diffpwiit  pliiisps  of  respiration. 

This  fjupftion  does  not  admit  of  a  dirwl  answur;  but  wl>  have  certain  wcll- 
et^tHbliyhed  facts  which  show  VL-ry  clearly  that  the  resUtancs  in  the  pulmonary 
ehannrU  m  in  ffenertit  an  small  that  only  a  tfunt^ith-rabk'  L-liauiTL-  in  thu  diutuctcr 
of  the  vtwartfi  could  exorcist'  upon  ii'ony  very  ninrk(-d  iiiflufun-, 

Wn  shotdd  mention  first  Ihe  n'snits  whirh  Lichthrim  nlitainod  by  occluding 
H  large  part  of  lliu  pulm'inBi>'  vesseln.  It  wn*  chowii  with  «]og>t  which  n-i^-ived 
arlifieial  respiration  by  rhychniieul  iidliitiuii  uf  the  lungs,  that  nU'iit  three- 
f(.'url.hB  of  the  icrrirdry  su|iplied  by  Ihp  pulmonary  nrtei'i«»  eimld  be  Hhut  out 
wiihf>ut  diniininhiii);  in  the  least  the  flow  of  blood  ti)  the  left  ventricle.  Again, 
thr  left  pleural  ejtvity  nf  n  riibljit  brenlhiiitr  inilurrtlly  has  t>eeu  njwned  without 
intt-rfiTiiig  with  the  Ftspirution  un  the  other  side,  and  the  entire  Itfl  lung  tietl 
off  uc  the  bilus:  yet  as  ■  rule  no  full  of  bluod  jirc^-i-ure  was  observed  in  the  greater 
eireulalion. 

Wo  may  any.  tbeii^^iit  one-hfllf  (in  eiirnrir/^d  animals  still  less)  of  the  pnl- 
monary  hhiod  ebiiiin<lr  tf  enough  to  siii|>ply  rl)4>  ni-cesF^ry  (lUftUlily  of  binorl  to 
the  b'ft  heart.  Tlte  ••xplanatii>[>  niiKht  be  ^ouKht  in  nn  inereiiwil  Mi>iid  prf»>uri' 
in  the  lewer  ein-ulafion  and  a  consequent  greater  dilatation  of  Ihe  veseeU  which 
remain  open.  But  the  inerense  in  pwasiure  is  so  in.-iiKiiifleani  fit  never  amounts 
lo  more  than  a  few  inillimeiers  of  llg.)  that  it  ih  very  doubtful  whether  it  could 
prodiiri-  such  Mil  i'ff«-eV,  .^giun  we  might  iniHgine  a  vaimnuitor  inflni-nce  upon 
Ibi*  pulinimar>-  vesseli;  but  the  foets  which  we  have  at  present  on  Ihi-i  subject 
»Ciireely  IK'int  li>  any  coot^ideruble  direct  coiitml  of  the?*'  vessels  by  Ihe  eeutrul 
nervous  system.  Finally,  it  is  possihb'  flnit  under  iiomial  cireiimsliinces  the 
Innp*  HPP  never  uniformly  filled  with  binod,  but  that  certain  regions  rfmiiin 
relatively  empty,  being  made  accessible  lo  the  blood  only  by  unusual  opportnni- 
tie-'«  like  th»t  ju«t  mentioned. 

Be  this  as  it  may,  it  certainly  follow.i  from  the  fftcto  before  us  that  the 
resistuiit'G  iu  the  puhnonar^'  veswU  it*  very  i-m»ll.  This  enuclusion  is  cmt- 
tinned  B!i?o  by  facts  which  we  possess  concerning  the  vrlociiy  of  the  blood  flow 
in  the  hing«.  Stewart  has  shown,  for  example,  that  a  foreign  fluid  injected 
iril<i  the  jugular  vein  pM"*e!!i  the  les-^er  eircuhilion  in  Ihret-  to  fnur  wi-eond*. 
When  the  lungs  are  Inflated  by  a  poi^itive  internal  prciwure  suifieiciit  lo  slop 
the  How  of  bliMK)  in  the  pulmonary  vessels,  and  the  liingM  are  then  releawtl, 
the  pressure  in  the  gtttgter  circulation  retunia  to  Its  normal  height  in  three  to 
four  seconds. 

In  view  of  thi*  low  pwMure  in  the  puLmonary  vessels,  one  besitatvs  lo  sup- 
pose that  the  changes  in  their  dinnieter  which  take  place  in  spontnneous  respira- 
tion 03  the  direct  result  of  alierntions  in  ihi'  Iuiir  li^xuc  con  piny  ihc  more 
impdrtunt  part  in  determining  the  vnrintion-'  of  blood  pressure  in  the  leaser  cir- 
culation. The  rhanffts  in  Inltathorafir  prensure  arc  much  ralhrr  to  be  AS,>«Igned 
the  place  of  first  im|iortanoe.  The  pressure  iu  the  right  ventricle  falls  in  inspi- 
ratinii  not  chiefly  because  the  vessels  in  the  lungs  dilate  b  little,  but  because  tlic 
in^pirattio'  auction  distends  the  henrl.  nnd  vi^f  vena. 

The  blooH  pressure  in  thft  piilmonftr_v  flrlortee  is  very  low  on  nceounl  of  the 
low  nwiatance  in  the  smaller  pulmonary  y(»w18.    On  the  average  it  amouots 
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■■  At  Aip  to  whtm  Si  mm.  Hg^  ia  iht  at  ta  abovl  IS  aad  in  iW  rmUut  to 
abamt  U  fd  pap  1T«). 

A*  ■iiatJMtwT  ^of«  (pifiv  ?a^).  the  prepare  ta  lb*  gKMtr  cimiUlMa 
m  iIk  mbf  MdiridBsl  aav  uhdiit  ^nmt  ruiataoaB  frua  uw>  iWMMfil  to 
^■AcK.  1^  pwlwiiiry  ctrroktiott  k  cntirvlr  diffmnt  ta  tht»  iv^pvct.  tlv 
fnmmn  vsrialiocv  tlxfT  btai^  oo  ttat  wbolv  tvrr  snull — dcmnrly  ever  more 
thjJB  1&-15  mm.  under  DormAl  HiPBawtongw. 

It  f^Jovf  that  tbe  vork  of  the  Wl  ntttrkie  raiut  raty  im  mmotinl  much 
n«rr  than  Out  of  the  n^t.  and  ikia  u  bontc  out  aleo  br  the  fact  that  the 
left  mitride  hewMi  more  or  leas  fatigued,  when  Ibe  riirht  is  fitill  imtin>Iir 
capaUb 

The  leaan-  eurttUtion  i*  drpnKknt  vpcm  the  fm>at«r  iit>t  onl>'  WcAUaa  il 
dnw*  its  s^ipljr  fnm  the  vrnae  caw,  l>al  also  fcecauw  it  mvsl  drlinT  it?  UtKnl 
to  the  left  mtridr  and  bo  is  affcvlt'-d  l).v  the  cocidiliun*  of  the  biv-xl  Aovr  tmm 
that  rhaiahef.  If.  for  pxnmplr.  thp  Ipft  Tpntrirlr  if  uiinlili*.  bcTMUN-  of  hitfh 
r*i>i4taiic«,  to  di*ehanrp'  all  tbo  blood  t^otninit  t"  it.  so  thitt  n  r<>nain  quantity 
arrtimulatMt  within  tbi«  rhmmber.  a  »tat»  uf  affairs  will  liually  In.-  n'aclKil  where 
the  flow  fpftn  i\ie  rittht  beart  is  hindvrvd,  wbicb  in  fact  l)a»  been  fX|H>rinifii tally 
duAPtulniu^l  (\Viilk-r>. 

In  {Ciatrra).  howcvrr.  thi<<  rpTPTse  effect  of  tht'  Ii-fl  lirart  <m  tin-  ritrhl  i*  on/y 
ttifhL  «  fnct  a^'avinit'tl  wiih  ihe  (rreat  papaoit)*  of  the  inilmonwrTi-  Vf-As^'K  TIip 
lutift^  wrvp  ibt!  kariip  |iiir(H>!<e  with  ivspeot  (o  tbt-  dow  nf  bbnxl  into  tlio  li-ft  hoart 
a«  di'e"  Ibf  livt-r  with  rfix-i*!  tn  the  fluw  ff  bItMx)  ti»  Ihi'  rixhl  (i-f.  pan**  -ii )- 

Uoreover.  th«  frreat  papaoity  of  the  pulmonfiry  vi<ti»elt>  has  tbis  nitvautagp. 
that  in  gn^at  refipiraloiy  distrww  wht-re  ihi*  vcwst'U  iff  thy  (trcater  circulutioo  an 
IK>w<TfuUy  contracted.  iIk-  fcrvf)lc?it  po^tiblc  qiuiitily  of  bloml  is  e-x|io<w>il  to  the 
atviH'lar  air  and  the  Kifalen!  itossible  quantity  of  oxygvn  i»  tbpin*f<irt>  stMortied. 
liy  thin  m^aite  tin.-  bl'xxl  in  rvlii'vud  of  ibe  pnMhict^  of  combustion,  and  Ibe  intn- 
eiitv  whi<'b  these  exprl  ihruufth  iWir  stiuiulatiuu  uf  tbu  vasomotor  ccntcia  m 
diminishpil  to  somo  pxicnt. 

B.    RESPIRATORY  VARIATIONS  OF  BLOOD  PRESSURE 
•Jtisl  MA  tbe  k'sspr  rirpulatinn  i?  infliipnced  in  wvt'ral  ri'wiMTls  tv  iHe  pr 
it  in  turn  uxerls  uu  ttss  an  loRueiice  upun  the  greater.    Cot)E«e()i*cnUy 


JL 


iit_i-. 


FkL  M.'-VariftUniM  at  tbn  unrxif.  Nnod  prcMWl*  in  ItiA  (Uig*  doc  M  nnnaal 
m«uu.  afl«r  ]>e  JKC«r.    /,  tiui|itmilon:  H,  tfxfumxiaa.     To  be  naii  fraw  ' 

•pfwar  in  (bo  aorta  variationg  of  blnotl  presMaiv  whicb  arv  ft 
till'  n-^pirator}'  movPin<3it.-i  anU  arv  doubtluM  deixuiduiit  npw^ 
ihi>  variatinntt  in  the  pulmonary  circulnlion.    T)w  mtt-haaMr 
iiiHi]4*n<.-v«  are  brought  to  licar  are  ratlivr  coraplintted.  uai  « 
ititii  at-i-uuQt  tbu  foltowing^  (■oinliliona. 

The  folbiwinjir  circutiit<tancva  lioid  iliiritt|r  inapiralMS  » 

ire  in  the  aorta: 
O)  Tbr  nxjiiratirm  of  the  blond  to  |1m<  rifrllt  hnirt  iw 
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hy  their  pffpct  nn  the  dismplpr  of  ihp  Teswla  in  ihr-  liin^s.  Tht*  difltnetcr  of  thvfti 
veswls,  aH  d'ArstJiivftl,  Do  Ja^r,  Ilr-per  niid  iitlier*  hove  shuwn.  inrrcnfti's  with 
till.'  i-jipniiHinii  (if  i.hp  lungs  during  iiin|iii'nliim,  hhiI  Hiuit-nMi-!.  wilh  rhr_-  c>i|]h|mc 
of  ihp  lunjfs  during  eji)iriitiort.  Since-  lln.-  hvo  f;Kl"r>i  npfrHlc  in  lliv  Winn-  din**-- 
lioii.  ihoiT!  rt'iiiiiinif  for  us  to  di^tenniiu'  t«i  wliii'Ii  of  tliuni  tin-  pn-iilcr  KiKniHcunuu 
i*  tit  Ik^  iisrribcd.  Wo  mtiHt  first  inqtiirp  to  what  exlLiit  tlu-  rfsislancc  iti  the 
pultnooaiy  vww.'l»  is  changi-d  by  the  different  jiliJiacaof  mspiration. 

Tbi*"  question  does  Dot  admit  of  a  direct  answer;  but  we  havo  certain  woll- 
eetabliwlicd  facts  wliicli  show  very  clearly  thai  the  resistance  in  the  pulmonari/ 
ehfinrn'l*  is  in  fienfr/il  go  srrmU  that  only  r  pcmsiilcrahlc!  chiiiiKL'  in  thu  diaiuvtvr 
of  thi*  vrss»^U  could  escreise  upon  it 'any  Ttry  markid  inlluciK'c. 

W'v  -liouid  mention  first  thu  nwulla  w}iifh  Lichthriin  obtained  by  neciudinfr 
R  Inrjp*  pflrt  of  thtr  pulmuiino'  vessels.  It  was  shown  wilh  ilops  which  TciTived 
ariiliciul  rej^piruliiiii  by  rhythmical  inflation  of  the  lunjis,  tluU  al>inil  thi-ee- 
fiinrtb.i  of  iho  territory  supplied  by  the  puhnonnry  arteries  eonid  In*  shul  out 
without  dimitiinhinf!  in  the  loast  the  flow  of  Mood  lo  the  left  rentricle.  Again, 
the  Ipff  plcuml  envily  of  a  rabbit  bn-utbiuK  iiiituriilly  Ikih  Iiecii  npt^rietl  without 
interferintr  with  the  respirtilioii  on  tlu-  other  wide,  and  ihe  fiiliri'  left  lunjr  tiod 
nff  al  the  biluB :  yet  a«  a  rule  no  fall  of  bloud  preauure  was  obKci-ved  in  the  ereater 
circulation. 

We  nioy  say.  tln-ii,' that  nne-half  (in  cunirizcd  flniinjiln  still  h'««)  of  the  pul- 
monary blood  chaiiii[4  itt  iiiouKh  to  Huppl.v  the  iiicesi^ary  qiianlity  of  IiIihhI  to 
the  left  Iiciirt.  J'he  "xplnnation  niiuht  be  sought  in  an  increuwd  blond  pn-x-'un- 
in  the  lesser  circuhition  and  a  consequent  Rrcaler  dilatnlion  of  the  vessels  which 
reiniiin  open.  Ihit  the  iiiereu^e  iu  pn'i>!<ure  i^  m)  intiitcnil^euut  (it  never  utnountH 
to  more  (ban  Ji  few  millimetera  nf  Hg.)  ihnt  it  is  vor>'  rinithtfiil  whether  it  rnuld 
prodLiri'  .such  ati  elTect,  Ag:aiu  we  mi^rht  imnK'U'^  a  vasomotor  influence  upon 
the  pulmonary  ve^^eU;  but  tlie  facU  which  we  have  nl  present  on  this  suhject 
scarecly  point  to  any  coiu^ id c ruble  ilinvl  cotilrol  of  llicse  vewseU  by  the  ei'utral 
nervouei  system.  Kinnlly.  il  is  possible  ibnt  under  normal  circumstances  the 
lungB  nm  never  uniformly  tilled  with  blood,  but  that  certain  regiono  remain 
relatircly  empty,  being  made  aocewible  to  the  blood  only  by  unuAual  opportuni- 
ties like  (bul  just  mentioned. 

Bo  this  OS  it  may,  it  certainly  folloi^'a  from  the  facts  before  us  tbnt  the 
rcsiBtanct'  in  the  pulmomiry  vessels  is  very  iimiill.  This  coiiidusinn  is  cou- 
firnied  also  by  facts  which  wc  posM?88  concerning  rhe  velocity  of  the  blood  flow 
in  the  InuR^,  Stewart  has  shown,  for  oxflmple,  thnt  a  foreign  fluid  injected 
into  (he  juftular  veio  pasws  tlie  lesser  ciivuliition  in  ihreo  to  four  *iccoud'«. 
When  Ihe  luiufs  are  inflKteJ  by  a  positive  inteninl  pn*Bure  ^ufllicienl  to  stop 
ibc  How  of  blood  In  the  pulmonary  vcfiwls,  and  the  hmgs  are  then  rcleiiKpfl, 
the  prftwure  in  the  greater  circulation  retiinui  to  its  normal  height  in  three  to 
four  seconds. 

Li  view  of  this  low  prvtuure  in  the  pulmonary  vesseU,  one  hwitatea  to  eup' 
post  that  the  changes  in  their  diameter  which  take  place  in  spontaneous  rcspira- 
lion  as  the  direct  result  of  altcmiions  in  the  lung  li^sue  can  play  the  m(»re 
important  part  in  determining  the  variations  of  blood  pressure  in  the  Icft^cr  cir- 
culation. The  chfitifffS  in  tniralltoracii-  ftresxure  are  much  rather  to  b<-  assi^cd 
ibc  place  of  first  importance.  The  pressure  in  the  right  ventricle  falls  in  inspi- 
ration not  chiefly  because  the  vckscIb  in  the  lungi^  dilate  a  little,  but  hecauee  the 
ioapiratory  suction  distends  the  heort.  and  vi>«  versa. 

The  blood  pressure  in  the  puImonar_v  arteries  is  rery  low  nn  account  of  Iho 
low  resistance  in  the  sinallor  pulmonary-  vessels.     On  the  average  it  amounts 
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in  t}i«  dog  to  niMut  20  mm.  Hg..  in  \}vs  cat  to  about  IS  oiiil  in  the  raLbil  to 
alwiit  l.'i  (cf.  i>Hp'  ITi^i). 

As  riiftiit(iin-il  ulidvt;  (]>fl(rc  208),  the  presgure  in  the  greator  c-irculalion 
in  iht>  »Hni<'  indiviiliinl  miiy  I'^xliiliit  gn'jit  variations  fmiii  imc  iiKimmt  to 
another.  The  puliiKHiar}'  circulation  id  entirely  differenl  in  tbi>«  respect,  the 
|irewure  variationf*  t!iere  being  on  the  whole  very  uninl] — f>carcel_v  ever  more 
than  111-15  mm.  nniler  norninl  cirrunislnnos. 

It  followK  that  ihe  work  of  the  left  ve-ntriele  must  rary  in  amaiinl  much 
more  than  lliat  of  the  rij;h1.  and  this  i^  l>orne  out  aleo  by  the  faet  that  tho 
lefi  veniricle  boconicii  more  or  lci»  fatigued,  when  the  right  is  utill  entirely 
capable. 

The  lesiwr  cimiilation  is  dep(>mlent  upon  the  fcreater  not  only  because  it 
draw-H  its  supply  fmm  the  venip  ruvtv.  but  iil»o  bf>cHUw  it  must  dt'liv4'r  its  biixid 
to  tb(*  left  veuLrielu  uud  »u  is  nlWh-J  b.v  the  ounUitiuii?  of  tlie  bltHid  fliiw  from 
that  chamber.  If,  for  cxaniplc.  thf  left  vi'nlri<-lr>  ih  unable,  biH-auMi  uf  high 
rcitiittanrc,  (o  dinchanfte  all  tin-  UixkI  cominK  tn  it.  )«r>  that  a  rertaiii  rjikanlit? 
annimulutcM  within  iIiim  rhainbt^r,  n  htate  of  nfFaini  will  Unally  bt-  r^ai^lied  where 
the  fluw  fnim  the  right  heart  i»  hindered,  wbiuli  iu  faol  Iuih  been  experiuieutall; 
denionat rated  (Waller). 

In  gi-ncml.  howcTcr,  tlii^f  rpverse  HTert  of  the  left  heart  oh  the  ri^hl  I*  onlg 
tlighf.  a  fftot  fljwix-ifttcd  wiih  the  irwat  onpnrity  of  th^  pulnioniirj'  »-p«^f|ji.  The 
lun^  ftcrvc  the  same  jmrfioHe  with  reupw^t  to  tho  fluw  'if  bliKxl  into  the  K-ft  heart 
aft  (liM^  lb**  liver  with  n-!>[ieet  to  the  (tnw  of  Mixid  to  the  riHJit  (ef.  paRe  ^~). 

Moreover,  the  ureal  capiu-ily  of  ila-  pulmonary  vesnelti  bai»  lhi»  advantage, 
llial  in  (iteat  rcwpiratory  diatrcRs  whnn-  the  vtiuieU  r»f  the  greater  eirculatioii  are 
powerfully  enntractod.  the  (rreate«t  pojwible  quantity  of  blood  in  nxprMwl  lo  the 
alveolar  air  anrl  llw  itr^ntest  pomible  (juantily  of  oxygxm  it.  lberef<irt!  abiwrbod. 
By  this  means  (he  bbKKl  is  relieved  of  the  product!!  of  eombuotion,  and  the  intiu- 
encp  which  tbt^^;  exert  through  their  atimulatton  uf  the  raaomolor  centera  if 
dimini«lit.-d  to  some  extent. 

B.    RESPIRATORY  VARIATIOnS  OP  BLOOD  PRESSURE 

.Tttst  aa  the  le««r  pirculation  is  influenced  in  aevenil  nN|»'cii*  by  the  greater, 

it  in  turn  exerts  no  less  an  influence  if/iwn  the  greater.    Con»e<]ucntl>  there 
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PM.  05. — Varifttions  of  the  ftartio  bkMid  prraiuri  tn  tlM  dog,  iltw  \n  nonnal  redpiralory  luuvb 
Buml«,  nftw  111*  Jagor-     /,  iii«|Mnttlon:  E.  mpinuoD.    Tu  tw  md  Tium  riglil  Ui  left. 

appear  in  the  aorta  rarintionA  of  blood  pressure  which  are  r^ynehronous  with 
tbi^  respiratory  movements  and  are  doubtle**  deiH-ndent  uiwn  lliewr  and  upon 
the  variationa  in  tlic  pulmonary  circulation.  Tfa«  merhanitnn  by  «'hirh  these 
influeueea  are  brou^dtt  fo  bear  are  rather  eoni[^icated,  and  we  have  to  take 
into  account  the  following  conditions, 

Tbc  following  cirx'unititaneea  tend  during  inspiration  lo  incrooaa  the  hlood 
prMnurf  ill  the  aorta: 

(1)  The  aspiration  of  the  blood  to  the  right  heart  incn>a»es; 
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by  thf  ir  fffcci  on  rlip  diamcifr  of  tlif  vessels  in  llii'  luMt•^.  The  tliflinpur  of  thp5w> 
reaao]i».  na  d'Ai'^ftiival.  Dp  .Tajifr,  }^ogcr  nnil  nthpis  hiivr  nhown,  iiicrcasfH  with 
the  ('xi'fliiHinii  of  the  tiiiiK!)  during  iiiFipiriitioii.  hihI  <lL')_-rLHM-ii  witli  llic  irollupsc 
of  lliL-  luiiK»  duriiitr  <'X|>iraliiiii.  Sinrp  the  tvrn  fm-tnrH  ci)»anile  in  ihf  itamt^  iliref- 
tioii,  there  rcnuiiiis  for  us  tc  dulprmiu'e  to  which  of  tb^-m  Uif  gnsilLT  »iK''itiL*an(.'u 
ifi  to  bo  ascrilwd.  Wo  must  first  inquire  to  whiii  uxtt-m  ihe  rejii^tniice  in  the 
pulmonary  vt"»«.'Is  i«  changed  h.v  the  Hiffert-nt  phases  of  respiration. 

This  ciupstion  dnes  not  admil  of  a  direct  atiswvr;  but  we  h«ve  eertuiii  well- 
cfltflbli^hed  (acta  which  show  ver.v  clearly  that  the  rf»i»tance  in  Ihe  putmunary 
ehanneh  m  in  general  ho  umalt  that  only  a  ciiiisiidcrablL-  chuutie  in  tho  diumcter 
of  (he  veH-iifls  c^iuld  exercise  upnn  it 'any  very  iinirked  influinct-. 

We  shmdd  iiH-iitLnn  first  rhe  results  whieh  Lichtlieim  obtained  by  oerluding 
(1  Ijirpp  purt  of  the  pulmonary  vt-sscU.  It  wa«  shown  with  do^fi*  which  rceei^'cd 
anilieial  rcttpiralien  by  rhyiliniival  inllalion  of  the  Kinjrs,  that  nbout  thret- 
fourib!^  of  the  territory  supplied  by  fhn  pritmonnry  arteries  couhl  be  sliut  out 
withoiii.  diminishing  in  ihff  tcast  the  flow  of  blood  to  the  left  ventricle.  Affain, 
the  Icfr  pleural  cavity  of  u  rabhil  brt-nlhiiiK  ii»tiir»lly  lins  been  opened  without 
iulerffriiiK  with  the  reopiratiKii  on  the  other  side,  and  Ibc  entire  left  lunir  tiwi 
off  at  the  hilus:  yet  a»  a  nile  nu  fall  of  blood  pn^iisure  was  observed  in  llit?  ereatcr 
eireulation. 

We  may  sny.  ihi-iuV'tfcet  nne-hnlf  <in  eurnrired  niiiniiilft  still  loss)  of  the  pul- 
monitry  hlnod  chitnnnF  I«  i  iinHfih  to  si]|i]>ly  ihe  nr^cpi^ai^'  quantity  of  blood  to 
the  Iffl  heart.  The  fxplHiDition  nii({bt  Ik-  uiufrhl  in  an  incrcuKi'd  bbmd  prcH^ure 
in  the  h-xwr  circulation  mid  a  eotisequeut  greuter  dilatation  of  the  vessels  which 
remain  opeu.  Uut  the  increase  in  pre-^xure  is  ao  in^ifiniliettnt  (it  never  amounts 
to  mon*  than  a  few  uiiUinu-tcrB  of  Ug.)  that  it  in  v('r>-  doublfiil  whether  it  eould 
produce  sneh  an  effect,  Agiiin  we  ini^lit  ininirine  n  vaatinmlor  influenoe  u|K^n 
the  pulntonary  ve?*!SfIii;  but  the  facts  which  we  have  a1  present  on  this  subject 
eearc^ly  point  to  nn,v  ooiDjidenible  direct  eimlrol  of  these  vwftolb  by  (he  ecuHul 
uvrrous  system.  Finally,  it  is  possible  thai  under  normal  ein-iiniHtane-Ps  the 
lunjpt  are  never  uniformly  filled  with  blood,  but  that  <'er(ain  regions  remain 
relatively  empty,  being  made  aoceiMihIe  to  the  blood  only  by  unusual  opportuni- 
ties like  thit  ju8t  mentioned. 

Be  thin  as  it  maj,  it  certainly  follrws  from  the  facts  before  us  that  the 
r?»i!;tauce  in  the  ijulmouury  vf»*elB  is  very  Kniall.  This  conclusion  is  cfm- 
firmwl  also  hy  facth  which  we  poss«fsa  concwminB  the  velocity  of  the  bloixl  flow 
in  the  lungs.  Stewart  has  shown,  for  Mnmple,  thai  a  for«'i(m  fluid  injected 
inli>  ihc  JukuImt  vciu  pl^^'•e'<  the  lewwr  circulation  in  Ihn-e  to  four  w.-condf. 
When  the  lungs  are  iuflateil  by  a  positive  intenial  pressure  sufficient  to  atop 
the  flow  of  blood  in  the  pulmonary  vesiseK  and  the  tungH  art-  then  nOeased, 
the  prpjwuro  in  the  greater  circulation  retuma  to  ita  normal  height  in  lhr«>c  to 
four  .'U.'eonds. 

In  view  of  thi«  low  pressure  in  the  pulmonary  vease]*.  one  hesitated  to  sup- 
po«e  thitt  tlw  changes  in  Iheir  diameter  which  tnke  place  in  spontnneous  respira- 
tion OS  the  direct  itjsult  of  nlcerniion)^  in  the  lung  tissue  con  play  ll«-  more 
important  part  in  determining  the  variation^  of  blood  pressure  in  the  lesser  cir- 
culation. The  chanfffS  in  inlrafhornrir  prfJtsure  are  much  rather  to  be  assigned 
the  ploce  of  first  importance.  The  pressure  in  the  right  ventricle  falls  in  iiispi- 
ration  not  chiefly  becuutK)  tho  vessels  in  the  lungH  dilate  a  little,  but  because  the 
injpiratury  suction  distends  the  heart,  ntitl  viee  versa. 

The  blood  pressure  in  the  pulmonary  ai^eries  is  very  low  on  account  of  the 
lo-vr  resistflocc  in  the  smaller  pulraonsrjr  vessels.    On  the  average  it  amouuts 
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in  the  ilog  to  about  'Hi  mm.  tig.,  lu  Uii-  i-iit  t'>  al>nut  18  and  in  the  ral'bit  to 
abuul  15  (cf.  pB)£C-  17«). 

Aa  nu-nlioiKfi  hI»iv(,>  (pii;:r'  20S),  the  pn-Sf^ure  in  tlii'  ^n^atiT  circ-iilation 
iu  till*  mnw  iuiiividuul  nmv  L'xiiibit  gruul  variatiuHK  rruiii  oin.'  nioiiii-iu  to 
uuotliur.  The  ijiilnionary  circulation  is  entirely  different  in  this  respect,  the 
[iri'ssure  variations  thert-  lioinji  on  the  wholu  very  siiiall — scarcely  over  more 
Ihiiit  Hl-15  tiini.  nini(.'r  nornial  c-irt'iiinstnnces. 

It  rollnws  tliai  iIr-  work  of  the  k*ft  ventricle  must  rnr^  in  amoitnl  mncH 
more  than  thai  of  iIil'  ri^ht,  and  thiit  \s  home  out  also  )■>'  the  fact  that  the 
left  ventricle  bocomee  mure  or  lees  fatigued,  when  the  right  is  still  entirety 
capable. 

Tlw  leRCPr  cirnulali'm  is  dcpond^'nt  upon  the  (rrcater  not  only  bccnuw  it 
draws  il8  8tip|ily  from  tho  vcnff  cava',  but  nUo  Ixvnusc  it  must  doliver  its  blood 
t"i  ih*'  li-ft  vcrilrii'tc  nuil  »'i  i»  nfTt-otfd  b.v  the  rimdilioiin  of  Ibc  bliH-d  flow  fmm 
that  chambc'r.  If.  for  fxam|d(%  tbf  lc[l  vi'iit ri**!*'  is  llIlablt^  becaut<e  of  bigb 
roi^islanLt?,  tu  diAfhiiruv  all  llic  blotxl  i-ominjf  ii>  it,  80  ibuE  ii  rtTluin  quantity 
Arciiioiilali^i  within  ihiti  chnnibrr,  a  n\nu-  of  nffiiirs  will  finally  bn  rcfir-hi'il  where 
the  How  fmm  ibc  rifcUt  huart  is  hindered,  which  in  fact  has  been  oxpcrinientally 
detnomi'tnilt'il  (\V»llt;r). 

In  Kvneral,  huwevtT.  this  rererec  eflt-ct  of  the  left  ht>Hrt  on  Ihv  right  itt  onltf 
flight,  B  fact  at>Rocial(fl  wtlh  the  im'at  capaoily  of  the  puhnonary  VfR^clti.  Tho 
Iiinfffl  Hi^rvr  tho  samo  piirposM*  with  iv«iMK-t  to  ibi-  flow  of  blo<Hl  Into  tin?  b-fi  heart 
ns  ih-'s  the  liri^r  with  re?*i>Pf't  to  lh«*  flow  of  Mood  to  thi*  ripht  (I'f.  paup  227). 

Moreover,  tbe  KrfHt  oxpacity  >>f  the  pulntcmary  vi'sm-Ih  has  thi»  advantage, 
that  in  Kri-'at  respiratnrj-  distrtws  where  iht-  vi-iwU  <>f  tin-  ttrt-nttT  cimihilion  are 
powcrfnily  contracted,  ih*-  ^rcatcM  potwiblc  (|iiuniity  of  blond  is  oxposcil  to  the 
alveolar  air  and  the  Kwatrst  ptMsibli^  qnantily  of  oxygen  iit  therefore  aht^rbcd. 
By  lliiri  meaiix  iIr^  blood  it  rcli«-ve<I  of  the  pnithictA  of  conibimlion,  and  thi>  influ- 
ence which  these  exert  lbrouj[li  their  atimulatiun  of  the  TatH>inotor  centera  i» 
diminiKheU  to  aome  extent. 
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B.    RESPIRATORY  VARIATIOHS  OF  BLOOD  PRF^URB 

Ju?t  IK  the  If'i.'iLT  circulation  is  influenced  in  sovora!  re.'*[»wt.''  li>/  the  greater, 
it  in  turn  uneru  no  ia^  an  influence  upim  xhc  greater.     (^iiiM^iucntly  llierc 
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Fm.  M.— VKruiliMiR  of  the  aortic  blood  prflMUrc  in  the  doc*  due  la  nnmiiU  m>|hr»tijry  move. 
roenla,  mSXttt  !><•  Jiigin'.     /,  iu»|>intK>n;  H,  vx|Hrstiuii.      Tu  be  mtA  tram  nght  to  Irft- 

flppear  in  the  aorta  variations  of  blood  pressure  irlijch  arc  synelironous  with 
tin-  ri'rtpirulory  movenicnt.s  and  are  doubllcsft  dependent  npon  th*??*  and  upon 
(he  vanaticiibi  in  the  pulmonary  circulation.  The  miH^hani:«m  by  which  Ihujic 
influi'neos  an*  hroujdit  to  bear  are  rather  complicated,  and  we  have  to  take 
into  account  the  following  conditions. 

TIk*  fullowiiiK  circumatancca  tend  during  inspiration  to  increate  tbt*  bUiod 
pTtMtture  in  tlH>  aorta: 

(1)  The  aspiration  of  the  blood  to  the  right  heart  ineresaea; 
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(2)  The  disBtolc  of  the  heart  i»  fflvored; 

i'<i)  The  Sow  of  the  bluud  in  tlie  [>ulinuiiar:r  vvssele  is  facilitated  twcause  o| 
their  dilalatiun: 

(4)  The  pn-Htiiirc  in  the  abilumiiial  cavity  iiicroa^us  liecuuec  of  tliu  dcMionl 
of  thf  dirtphrftgm:  mid  the  blond  is  f«>n'pc]  in  (freater  qntiiitily  ro  the  right  hear 

The  folkiwiiiK  t?ircuni«laiiL'e>t  U-i[i\  tti  lowtr  tliy  aortic  preamire: 

(1)  Tilt!  hcurl  syatolc  i»  rendered  more  difficult  becouse  of  the  iucrea»ed  sue 
tion  in  thr  thorax; 

(2)  At  the  bcjfimiinp  of  inHpiratinn.  whilp  iho  jmlmonaTy  vcssck  arc  still 
dilating,  a  part  of  ilic  blood  expelled  from  the  right  ventricle  must  remain  in 


Fta.  06. —  Ilrajitraliiij-   vanutiotia  uf   bloixl  prc;imrc  m  tlie   nxbbit.      Tu   I"  i  I    iiuiii   riftht  la^ 

Idl.     ItiiC  upper  linr  rciiruscnts  thi;  blood  pramurv,  (Imi  middio  lint-  h  <    i.itury  niove-j 

iDMita  (downwiuil  vlnikc,  tnapiratlon),  the  lower  Iidr  the  time  tvcord  m  MTiirxU. 

them.  and  by  this  means  the  mass  of  blood  flowinfr  from  the  It-ft  heart  deereascs 
until  the  pulmonary  tcshtIs  have  been  fillwl,  after  whirh  the  flow  is  iiicreftt^. 
Id  expirHtiu[i  niiturtilly  ihtsn  n)e<>liitni!iinH  work  in  th«  n-rente  din^ctiun. 

Antony  these  fnctore  the  afiprations  of  blood  /Jow  ta  the  ri);ht  heart  in  o| 
the  firsl  imporlanee.    The  respiratory  varialjtvns  nf  the  anrlie  prc^^iin'  viui 
ncsstni  ill  a  dog  l)realhinfi<|uietl.v  (Fig.  US)  toiild  tje  explained  tliurefore  ia  tlrtl 
folloirin^  rnniiner.    In  expirntinn  1hi>  right  heart  liaH  lfS!4  blow!  iit  il^  dLopa-uil,! 
the  left  heart  receives  U-jw  blood,  and  the  aortic  prest^ure  falls.    When  inKpira- 
tion  set!*  in,  and  the  flow  to  Ihe  ri^^ht  heart  Iwtttniert  greater,  il  can  drive  a 
greater  quuutilv  to  the  left  hi-Jirt,  and  the  anrlie  pressure  ri«s.     Bui  a  j^hnrl 
time  niiwt  always  e!ap.*e  before  thi.-*  increaiwd  supply  to  the  right  heart  can 
be  felt  in  the  left  heart  and  in  the  onrta ;  hence  at  the  bpginninff  of  inspiration 
the  pressun?  ii*  i>li)l  falling.     Likewise  at  the  very  bf^^innitijr  of  the  fnllowing 
prpiration  ihe  right  heart  Htill  has  at  iti^  difivMal  a  iK^rlion  of  the  iticn-a^ 
supply;  the  riw  in  pre.'iKUn'  in  the  anrta  continues  therefore  for  a  ninnient 
until  the  dimiiii*heil  (iupply  to  the  right  heart  ciio  be  felt  on  the  left,  vhen  the 
aortic  pressure  begins  to  fall. 
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Wlien  the  rate  of  Te»ijiratioii  is  somewhat  more  frequent  (i;f.  Fig.  96),  the 
int)uL-iiii_-  of  cxpirHtion  in  felt  for  the  lintt  durliiK  tlit;  fulluwiiiK  iii»|>iratioii  Hiid 
rire  I'fraa;  till*  i)oiii<*  iirwsurv  rises  tLcrufon*  during  expiratiuii  and  falls  during 
iuBpirtition. 

lu  Miill  man  fnM|iK-[it  and  i^haltow  brrathine  th^  variations  of  the  tton  To  tbe 
riphl  lii-iirl  arc  no  itlight  lliat  nu  respiratorj-  varialione  of  bloo«l  [ircssure  appear 
in  the  Kix-aler  (?ir<.'ulHtiou. 

Bw^idi'*  thvi^o,  vtTtiiiu  itcrvuuii  ownla  Mcrtist?  an  utimistakablp  influence  on 
thf  n-aiiiratury  riirititiuna  of  blood  prawurr  in  thr  fiortn.  DurinR  oxpirslion  ihp 
I>iiW-.  rate  decrensps  in  contMMiuence  of  iin  uutomflttc  stimulation  of  tho  va^Ufl 
(dcpr«*jw»r  tffcvl),  and  tlie  vascular  tonuit  inrt^ast-!!  ait  the  result  of  an  nuti>malic 
^limulution  uf  llie  vaAnmutur  riL-rvi>»  (pr^jMur  efTec't),  Tbe«e  factura  make  thfin- 
sdvos  felt  only  with  a  rhythm  which  in  not  too  rapid,  and  even  then  they  may 
not  be  able  tu  alter  the  euui>e  of  vuriatiutig  in  thu  aortic  prvaourc  prudutM-tl  by 
tile  merhiinieiil  faetom  iitread.v  diM-iisM-rl. 

Still  oilier  niurt^  or  kiw  nvulur  varialiou^  of  preitsurt-  ( TraiiU.'-lIeriiiK  waves) 
occur  in  the  aurtt**  siystem,  wliieh  ni»y  rim  pnnillrl  with  itTlain  |»Ti<Hli<-  varia- 
tions in  the  frequenoy  and  depth  uf  respiration  exIeiidiiiM  over  M-venil  respira- 
tory ryelt*  (t'heyne-Sloki-H  hft-Bihiug,  Chapter  IX)  or  may  Ik-  eiiiir<?Iy  inde- 
iwndcnl  of  iheni.  But  further  discuMinn  of  their  nature  vould  lead  tia  too 
far  at  this  time. 

Arlifiriai  mpirnlion  Rivvs  in  alt  respects  just  the  nn-eiw  effeot*  of  natnral 
respiration.  Thus  with  inHalion  of  the  lunm  the  blood  flow  to  the  right  heart 
i»  rendered  more  ditlieult  cm  neeuunl  of  the  iMHiiive  iiiirapninionary  pn^«sun>. 
and  the  n<f;ulling  eompn-Ksion  of  pulmnmirj-  veswi'U.  The  eonrfefiueni-e  is  that  the 
aortic  pros-'iure  ri^es  nt  the  bofrinning  of  inflation,  and  fnlU  apain  in  th«  further 
courae  of  llie  came  pha!«e. 

Thtf  cause  of  theuL-  artitieial  presaure  variaiionH  niuiit  be  mainly  the  aUrra- 
tiona  in  diomrter  of  tkr  pulmouarff  vritaeln.  At  lhi>  bi'iiinniiKT  of  inflation  the 
binod  prGS5Urc  Km-s  brcflUKic  of  the  eompre^uion  prodnred  and  the  consequent 
emptyinfc  "f  'he  blood  towanl  the  heart.  The  subtieiiiifiit  fall  in  the  re«ull  uf 
the  inrr<-aiu>>)  resiHtann'  in  the  puliiiniinry  vi-iuwU.  At  the  bpKiiniing  of  the  arti- 
ficial eolta))s«  a  certain  quantity  nf  blood  remainH  behind  in  the  dttaled  vesM'Is 
and  the  pret^ure  t^ink^  »till  farther  until  the  inttuenee  of  diintiii''li<'d  re-iisianee 
in  the  pulmonary  vesM-U  makes  ilaelf  felt  and  the  li-fl  heart  is  more  abundantly 
supplied. 

§9.    VASOCONSTRICTOR   NERVES 

T1ii>  ntusciilar  eoiit  nf  the  blood  xthwU  h  under  the  inttuenee  of  two  kinds 
of  nerve  tillers,  namely,  IIiom.'  ihruuj^li  whose  exeitaticD  the  muftclc  libera  are 
cAU^I  lo  i'<>ntr)iet  (tuiMiruiuttficlfir  ni'rrfAi,  ami  thoce  through  whuM^  exeits- 
lion  the  niii'H'le  filiTrt  an-  eause*!  |/i  relax  {faAtidihtUtr  itrrvrx).  The  former 
wet*  dirtcoveml  by  Cluiide  livrnard  and  Brovrn-SiHiniirxl  (1851.  IH.Vi),  the 
latter  hv  Schiff  |I855)  and  Cliiude  Hernan)  (l^AS).  The  importance  nf 
Ute  Ta«oniotnr  nerve»  for  the  circulation  wa-i  first  dfurlr  estahlixhe^l  \i\  l.ud- 
wig  (I8r.4). 

If  the  cervical  .*ttmpathetir  he  etit.  one  observe*  amonp  other  (liin^H  that 
the  vefwels  of  the  ear  dilate  hi  Ihnt  small  arteries  and  veins  whieli  were  for- 
merly inriflible  nov  utaml  out  clearly.  If  the  edfte  of  the  ear  l>e  anippcd  off. 
bloiNl  (lowg  more  fnvly  fr<im  the  wound  than  before  swtion  of  (he  nerve. 
The  temperature  of  the  ear  is  higher  tliau  that  uf  the  other  ;:Lide.  Gloud  lluwa 
18  ~ 
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more  rapidly  tliroiigh  the  organ  and  ilnos  not  have  time  to  undergo  the  changes 
wliifh  it  otiierwise  would  in  the  cftpillaries;  the  color  of  the  venous  hlond  is 
therefore  lighter,  nnd  its  properties  are  Hiniilar  to  thnwe  lif  arteriiil  hifiiwl. 

If  now  the  end  of  the  ctfrvical  sympathetic  ti/ward  ihc  head  be  stimttiated, 
the  arteritt*  are  constricted — with  powerful  stitnidfltion,  so  much  so  that  their 
lumen  disappears;  the  venous  hlood  flows  slowly  and  has  u.  dark  color;  the 
blood  [towf!  but  feebly  from  a  fresh  cut,  and  the  temperatarc  of  (he  car  falls. 

Since  section  of  tho  ccirical  sympathetic  causes  a  vaiiodilatinn  of  the  ear, 
and  it»  stimulation  constricts  the  blood  vessels  in  the  ^anm  ear.  it  folhiwi)  that 
this  nerve  must  contain  fibers  which  preside  over  contraction  of  the  muscular 
roat  in  theiw;  vcsjiet.*— i.  c,  which  are  vasocnnstrictor  fibers  for  the  ear.  It  fol- 
lows moreover  that  these  nerves  mu^t  tw  under  tonic — i.  e.,  continuous — stimU' 
lalion  front  the  central  nervouB  system. 

Now  we  have  nerves  running  to  all,  or  at  least  to  most,  of  the  arf-erial 
r^ons  of  the  body,  which  have  the  same  properties  as  tho.ae  just  described. 
The  vttifcular  tonus  mainlained  by  their  constant  stimulation  i«  of  the  utmost 
importance.  For  kIiudIij  all  (he  veshi'ln  ftir  any  rejisim  he  ciirnidetely  relaxed, 
there  would  collect  in  Iheni,  espucially  in  the  vein.s  so  great  a  ijuajiUty  of 
IjUhmI  (hat  the  volume  flowing  back  to  The  heart  would  not  be  suflicient  to 
maintain  the  necessary  supply;  the  hlood  preasiire  would  fall  to  a  low  level 
and,  although  the  heart  might  continue  to  act  for  a  time,  il  would  be  unable 
to  acconiplitih  anything.  All  of  whit-h  meaii.t  that  the  totid  qunntily  of  hliiod 
iu  the  body  is  suHicieut  to  till  the  bhwid  vessels  to  the  pnjpur  extent,  only  when 
they  are  partially  constrictcii. 

The  vasocoustrictors  are  given  off  from  the  central  nervous  systera  in  the 
ant«rior  nerve  roolp,  and  are  distributed  to  the  sympathetic  patli!*  throughout 
tho  whole  body.  The  following  results  have  been  obtained  so  far  with  regard 
to  their  course: 

"iSoat  of  the  vaRocnnRtrictor  nerves  pass  out  from  the  thoracic  portion  of  the 
KpinHl  vitni.  Thtf  nerve»  ruiiniTi^  to  the  head  armv  from  tin*  tint  t«i  iht^  fifth  tho- 
raci<^  tiervpH,  pas»  over  into  the  eervicel  cympathetic  und  are  distribut»^d  In  the 
different  parts  of  the  heud.  Tbie  ia  attuated  by  tbf  fuut  that  stimulntiiKU  of  the 
rervieal  Hympatbctic  ranticti  vasncoiLHrictiiin  in  all  the  iiivhiih  "f  tlvi  head.  With 
pp^rd  to  tho  brain,  hrjwevcr.  rf.-tullrf  arc  less  positive.  While  sttme  authors  a.'ttiert 
that  tiiey  have  found  vasiNwnstriclor  iiervM  for  the  brain  in  ibe  cer^-ieal  aympa- 
tbetic-,  otben*  bavo  c«mie  to  the  couvlusiuu  that  allhuUKb  nerve  tiberv  liave  been 
demonstrated  unutomieally  for  the  blood  vessels  of  ibc  brain,  in  R(<ncral  the  bluud 
nupply  to  this  urtran  i»  not  regulated  by  muann  of  vut^umnlor  nervei^,  but  by 
idlfrtiLions  in  the  supply  to  other  nrgnns  nf  the  body. 

With  rtMpcct  to  the  further  ctiurse  nf  tboiw.-  nerve*  to  the  head,  our  informa- 
tion IK  very  iiiooiiiplele.  Accordinn  Iu  wiim-  lbc.v  ]>«!<»  uvc-r  intu  the  sympulbctie 
idfxusvH  HurruundinR  the  blood  vessvls,  aceurdittg  to  utht^rs  lliey  unite  with  the 
cranial  nerves.  The  latter  hn."  iM'en  demonstrated  for  the  tonguf  nt  least,  since 
it8  vasoconstrictor  nervt«  run  for  the  most  part  in  the  bypoghissal. 

The  viMKxx.in  strict  or  nerves  of  llie  anlfrior  rxtremUlfX  pfl»9  out  from  the 
spinal  cord  in  the  third  to  the  tenth  tborneic  nervt-s,  tlioiw*  of  th»!  posierior  ex- 
tremities in  tlic-  eleventh  thoracic  to  the  third  lumbar  nerves.  Il  is  stated  also 
thai  the  vaii;iH-otistrict»r  nerves  of  the  loes  are  contained  iu  the  sixth  lumbar  tu 
the  6r»t  sacral  nerves. 
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Thp  fati  BTiH  its  TBfMKTOnBtrictor  nervpR  from  thp  third  to  tlie  fourth  lumbar 
nprvrs;  am)  rhf  tiornal  ^uir  of  Ihr  ininl,-  fnm  thf  tM^'frinr  liranchpn  nl  thfl  spinal 
nerrca  corrrapondinp  to  the  diffcrput  -iepnipnts  of  the  bark. 

The  nprvw  paw  from  thoir  origin  through  tho  trunk  «f  the  sympathetir 
and  from  then'  for  the  most  part  to  the  different  organs  of  the  body  hy  way 
of  the  chief  ncrre  trunks. 

The  rasooonstriplor  neires  of  the  abdominal  vifcera  leave  the  ppinal  cord 
b>  tilt.'  third  lhorjM!ic  to  the  first  i.r  tbinl  lumbar  nerves,  run  ftir  ihc-  most  part 
in  tht!  Hplauchnifv,  and  8ri<  diirtributed  hs  them  to  the  difTprenl  organs  of  the 
abdniniiinl  cavity.  Tlie  nerves  of  the  lar^e  inlealine  pniM  out  of  the  itptnal  cord 
in  the  scvKntb  thoracic  to  the  second  lumbar  nprvM;  ihosp  of  thr  Urfr  in  iho 
sixth  thoracic  to  the  wvond  himbnr;  thoe*  of  the  jitmer«a*  in  the  fifth  thorHcic 
to  Ibf)  fint  lumbar  nen'v. 

The  vasoconittrictor  nerves  of  the  organs  of  gftifntion  pass  out  in  the  lut 
lumbar  aud  in  thi-*  firtit  Micrul  ncrvcx.  and  proceed  to  their  end  arborizations 
through  the  hypoRastric  plexus. 

The  litntjs  also  pO!<AC-»s  Ta^oconsfric-lor  tierveft;  afcording  to  the  majority  of 
aiirhors,  lh«y  leiive  the  lipinal  ivird  in  the  wvond  to  lh«-  fifth  thoruric  nervftt,  and 
proceed  by  way  of  the  ti^'nipalhetic  paths  to  the  Iuiik».  Recently  the  pre«cnee 
of  vastrRtotor  nerves  in  the  lunss  hiiK  been  absolutely  deoieil. 

VaAoconfitnrtor  nerves  ap|H.>nr  to  iravenn-  othiT  path)*  nlito.  Thu»  we  find 
in  the  sneond  and  third  ni-rvp-*  of  the  rcrvJral  plnxun  va^^iH-o  nitric  tor  fibers  foT, 
tl»e  tip  and  lateral  part^  of  the  ear,  which  reach  their  di*»(linAlion  by  way  of 
aurimlariH  (^-rvii^-alix  iktvc.  It  i^  further  asM-rtetl  that  the  VH|tu>  ronvi-yH  vtit 
eonfltrirlor  nerves  tn  the  heart,  to  the  Blomach,  to  the  inieslin*  (not  eontimif 
by  all  authors)  and  io  the  kidn/'.pB,  and  alfto  that  in  it  are  eouiniix'^]  vu^oooi 
sirictor  fibers  for  the  lunga.  It  in  indeed  not  impoMibh:  thai  these  fibers  mijchtl 
ariwe  from  the  ftympnthelie  (ainoe  it  is  definitely  asserted  thai  the  vawteon^trictor 
nerves  in  the  aurieularis  eervicalin  arijue  in  the  tliuracir  sympathetic  and  nm 
ihr'>nKh  the  stellale  BanRlion).  and  it  is  also  conceivable  that  tbey  actually 
bi'lunK  Io  the  branches  of  the  vofius. 

B4Tau('C  of  the  great  vaecular  territory-  eommittod  to  their  eonlt^il  iha 
tplancknics  play  the  mml  important  pnrt  of  alt  vajwmotor  D6rve.«.  For  (his 
reflmn  the  hlnntl  pre^vur^  fnlU  fiftpr  hilatenil  sectinn  of  thcBC  nerveo,  and 
»hov^  a  very  great  riite  on  stimulalinu  of  them. 

Conairiclinff  nerve  fibor*  have  been  demonntrated  aiao  fur  the  rein*.  If  th« 
aorta  be  tied  off  immediately  below  the  origin  of  the  left  aubolavian,  and  tbo 
blood  supply  to  the  hinder  part  of  tlie  body  be  thereby  cut  off,  etimulalion  of 
the  )tplanchnir»  drivea  through  the  inferior  vena  cava  into  the  riifht  heart  b 
luentity  of  blood  which  runt*  np  to  tweniy-seren  per  cent  of  the  total  quantity 

•      in  IIm*  animal.     According  to  Mall,  thia  is  cause<]  hy  contraction  of  the  portal 
system. 

Conelriclor  effects  of  nerve  stimulation  in  other  veins  are  mentioned  by  dif* 

fcrent  authors;  but  R.  F.  Fuch.i  has  published  experiments  in  which  be  oblaim-d 

no  active  constriction  of  tlH>  veins  either  hy  direct  stimulation  of  the  veins  them* 

^      selves  or  by  electrical  stimulation  of  nerves,  wherefore  be  denies  entirely  ihc 

H      pnaencr  of  vasomotor  ncrvoe  for  the  veins. 

H  Finally,  the  musculatare  of  the  vcseeb  contracts  under  biffh  internal  prea- 
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8ure  Am]  relnxex  iit  P«nii*equeiicp  of  a  fall  in  pressure,  Accrording  to  Ba^liss 
these  chatiRcs  arc  pntirely  tndeiwitdeiit  of  ihe  ct-iitnil  norvoud  Byatein  aiiH  can 
be  demoDsrraunl  under  imliiriil  i>nDditionf)  as  well  aa  lu  exeec-ted  arlvries. 
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If  the  lingual  nerve  be  stimulated,  aud  attention  Ijo  directed  to  the  aub- 
mnxillarv  ^land,  the  vcRsels  of  thn  glan<]  may  be  seen  to  dilate.  The  veins 
of  tilt!  gland  ^vicU  iifi.  tJie  blond  Howing  in  them  fakes  on  a  brigliter  color,  and 
sometimes  actual  pulsations  apitoar  in  them.  Frnm  this  it  fnllnws  ihnt  this 
nerve  contains  fibers,  the  stimulation  of  which  cauw  t}it*  v(sij*elrt  of  thft  gland 
to  dilate.     Such  nerves  are  deserilied  as  vii.t'/dilator  n^iTc/i. 

Where  these  nerv«i  occur  unmixed  with  va.'sncnnstrictnr  nervcii.  one  meets 
with  no  dilTicnliy  in  demonstrating  thefn.  Where  ther  are  mixed  with  such 
nervi^s  for  lh«  sinnc  organ,  it  is  uwej'j'urv  to  iidi>\>l  a  ■*|iii'rifll  .mh-r  of  i-xperi- 
mentntion.  heranse  the  vasoconstrictor  efTect  of  stimiilnlion  often,  if  not  alwaVH. 
predn  mi  nates.  A  strong  vasodihitinn  appears  a,-*  an  nfler-eirect  of  Ll»'  simul- 
taneous stimulation  of  both  kind*  of  nerves.  The  two  are.  therefore,  not 
stricllv  an(ni,'niiif:tic,  hut  nm-t  afTcrt  the  vessels  at  dilTcn^rt  poinLs,  just  a«  the 
two  kindB  of  cardiac  nerves  have  different  jwiuts  of  application  in  the  heart 
<V.  Frcy;  cf.  page  193). 

On  th<»  ntln-r  hand,  wfiik  stimulalion  nf  ihp  constrirlnr  nerves  i«  overcome 
by  Btrouper  btimulution  <if  the  diluUint.  This  uptwars,  fur  exam|i]i>,  in  the  cnw? 
of  the  subniaxitlnry  (rlnnd  with  the  cervical  sympntheli)!  intact.  AltbauRh  the 
Tpsscis  of  the  Biibroflxillary  plaiwl  arc  under  the  influence  of  the  ronstriptor 
ftber*  contained  iti  this  ntTve,  stimulation  of  tho  linpiini  produfcs  vaKodilatlon. 

If  a  oerre  trunk  be  cut  in  two  tram-verselT.  arid  the  animal  be  allowed  to 
live.  <irt}fnertttinn  of  the  peripheral  stntnp  appears  in  a  short  tinif.  If  the 
degenerating  ncne  In'  stinuilnlcil  hinne  fuvr  dnijA  nfifr  Hu-  tfrvliun.  vasodilation 
is  obtained  (Goltz).  whereas  stimulation  of  the  freah  nerve  causes  va.socon- 
fitrietion.  Thi3  means  that  the  dilator  nerves  retain  tlicir  irritability  unme- 
what  longer  than  the  ouictrictor  nerves  after  connection  with  the  central 
nervous  system  has  been  destroyed. 

By  appropriate  variation  of  the  stimulus  the  ])r(*sence  of  dilator  fibers  can 
be  denionslratw]  alw  in  frej^hly  cut  uen-es.  Thus  it  has  been  shown  that  the 
latter  are  more  irritalile  than  the  mnstrietor  nervet*  if  thi'  nilmiiUis  is  weak 
or  is  applied  rhythmicoUti  at  o  floir  rutp  (Ostroumofl.  Bowditch). 

Finnlly,  it  has  been  found  that  even  if  the  two  kinds  of  nerve  fibers  run  in 
Ihe  same  peripheral  nerve  trunk,  they  make  Iheir  exit  by  way  of  diffrrmt 
roott  of  Ute  gpitial  mnl,  and  can  be  separated  one  from  Ihe  other  by  thii 
meenR  (Da^^trf^  and  Morat). 

Other  eharnoteri-ttic*  of  the  dilator  nerves  are  Ihe  frdlowinR:  (l)  the  Intent 
period  for  their  stimulation  apiK'are  (u  be  srmicwbut  loiifier  than  liial  of  the 
constrielur  nerves;  C2>  whun«B  ihp  ma^timiim  effect  of  the  ronstrictorn  is  quickly 
reached,  that  of  the  dilators  takes  more  time;  (Z)  the  aftfr-i'iffft  is  longer. 

The  Course  of  Ikf  VaxodUator  Kervea. — We  have  already  hf^-ome  acquainted 
with  the  vasodilator  nerves  which  iraverM  the  lingual  nerve  to  tlie  suhmajiVary 
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stand.  Thpy  come  from  ihp  fnriol  niid  piis«  Ky  vny  o£  thr  chorda  tj-mpani  W 
the  lingual.  In  ihw  «amc  jiath  art-  found  nlw  thi-  dilator  iicnroii  for  the  auU^rior 
two-thirdh  or  llirfi-fmjrllw  iif  [Im*  fotif/u^.  Tlwr  ililat^ir  fibers  for  tbc  posterior 
INirt  uf  thv  totiKUt',  fi>r  tin-  atiCcrior  |iiIlHn>  of  thu  faiires,  miU  the  forisi7«  niu  iu 
tbc  trunk  of  tin;  glvssophari/tiiin'il. 

Thf  vasoriilatnr  fibers  nf  the  miipous  mernbranp  of  tlic  tips,  lh<»  rftfirJt*.  the 
/iiirf/  futlntr  mi'l  lln'  rjtrrnnt  iinrr*.  «!•  will  mm  iif  liiL-  correspond i lid  parts  of 
tbe  sti'n  «/  the  fart  comes  from  the  necond  to  ihv  fifth  thomcic  iien-ts.  traverse 
the  cervical  «yui|)tiihctic-  uiid  uiutu  for  liiL>  muHl  purt  with  the  lrtKt>mtiial,  whirh 
itsL-lf  bImi  contains  fibers  of  ihit^  tiind  for  the  face  and  for  tbc  L^ye  (Datttre  and 
Moral), 

The  ear  ^t»  its  diltlor  fiber*  from  tho  iMfrhth  cervical  and  lir>l  thoracic 
Tiertes. 

The  dilator  iicr%'e»  of  l]io  anltrior  eitrrtnUira  luave  (hi-  fpiiiul  cord  fn>m  the 
lifth  to  ibi'  ciirlitli  ihorncic:  ihnt-tf  of  ib4-  pot^terior  i?xln-nuticj<  probably  in  the 
ic«n*l  to  the-  finirth  hinibar  nerres.  Here  wo  niift  with  the  remarkabte  circum- 
ince  ihat  the  IiiMcr  ijcrv*'s  iwias  out  exclusively  in  the  potterior  rooU  of  the 
lumbar  ncr\'e«  (Slriekt-r.  Hiiyli«i«;  cf.  Chapter  XXU).  The  prewenoe  of  vaw*- 
dilator  nerves  tn  the  posterior  roots  of  the  brnehinl  pWxua  has  been  aseertcd 
aliio.  Wti-  have  the  followins  facts  with  reifar<]  lo  the  dilator  nerves  of  tbc 
abdominal  organs:  VuMKlilator  fibcT^  iti  abundunre  arc  found  in  the  st'Cond  to 
twelfth  thoracic  as  well  a*  in  ihc  lirst  and  second  lumbar  ncrre.^  of  the  do|c:  the 
twelfth  und  thirteenth  ihora<-ic  cuiitaiu  a  tminlier  of  ihesi'  in  their  Jomal  roult; 
the  ^plancliiiieM  aitd  the  up]>er  tkoraeio  nerve»  cuiiluiii  the  vuitcidilHtor  fibers 
for  tlic  onrnnit  of  the  abdomen. 

The  vajftts  tfi  said  to  convey  vasodilator  nerves  for  the  eeronarv  arlerin  of 
iht  kfarl.  Most  nf  the  dilator  nervcH  for  the  ron>nary  v<-swIh  htnvever  lraver«r 
the  nympathelic  palhwuyH.  They  probably  puwi  out  of  thv  spinnl  cord,  And 
reach  the  heart  by  way  of  the  stellate  RSDiilion  (ef.  Fig.  B",  paste  191). 

AcciirdtitK  to  rionie  autliom  the  /unj/«  rM-cive  dilator  fiberv  fivm  tlie  ocrrical 
sympathetic  as  well  as  from  the  v&trus. 

The  TPftHeLi  of  the  mnroiis  membrane  of  the  larynx  are  proridcd  with  dilator 
ncrven  fmm  ttic  *uperii>r  iHr^'itiieiil. 

Va»<.>4lilator  nerves  which  play  an  eesenlia)  role  in  tlie  erection  of  the  ptttiM 
paM  lo  ihul  orviin  by  way  of  ihc  anterior  roots  of  the  first  to  the  third  sacral 
uerrea.  and  the  hypogastric  plexus. 
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liike  the  ranliar  iiervi'n.  the  lasumuttir  nrrvr*  nre  niiinulntfd  rrflrxly.  and 
the  IiI'kmI  Mippiv  to  tht*  various  organs  ae>  well  as  the  arterial  l>t<MKl  prett^ure 
i«  Toriftualy  influenced. 

We  have  dilTureiit  oh^'rvations  tending  to  ^how  that  vasomotor  rcHexeit  con 
Iw  di(tehar)(cd  by  Ihe  vrfueh  thfmxflveji,  no  that  the  vw*els  may  I»p  i^ai'l  to 
pnrticipaie  in  ihc  reflex  repidftlinn  of  their  own  fiiiu'iion«.  We  know  aim 
that  the*.'  reflexp!'  are  set  up  by  ull  other  postiiblu  kinds  of  afferent  nerves. 

The  reflex  tnkis  effect  prlmftrihi  in  tht  unmf  viurtilar  retfion  whencf  came 
the  affrrenl  imiiuhe.  I'onsibly  the  con^'stion  which  hits  long  Imk'R  known  to 
take  place  on  rubbind  nr  wiirming  Ihe  iikiD  U'loug!*  to  thi»  elasf:  of  reflexe:*. 
also  ihi-  nongcHllon  which  is  oeen  in  the  intustine  when  the  ahrlnminnl  nivity 
U  opened. 
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Oenerallj  speaking  the  result  of  thest'  localized  rwiiexes  is  a  vasodilation, 
but  under  certain  t:ircunis(anees  vflsoronatriction  niay  be  thL*  result.  The 
le'Ac-x  may  sprvad  to  the  ittrn-i^ ponding  pnrt  of  the  Imdy  on  the  opposite  side, 
and  not  infrpt[ueutiT  [tarts  far  removed  from  tho  region  innervated  by  the 
alTereut  nerve  ehow  a  reflex  conslricliiin  or  dilation  of  their  vc-'WC'ls,  Thus 
th«  vast  region  innervated  by  the  splaiuhnica  is  very  easily  conslrirltii  by 
stimulalinn  of  all  po88ible  kinds  of  »cnii»ry  nerves.  It  may  also  be  dilated 
a^  llio  result  of  a  sensory  excitation.  The  resneh  of  the  sk-eh'tat  muscles  a«  a 
rule  iippoar  to  he  dilated  by  .lenfiory  im|nil^-s.  The  dilation  appears  fir^t  in 
the  murtcUy  which  nlanii  in  ddse  functional  relalionship  with  thu  iienTfi  t^liniu- 
latwl;  but  it  may  be  called  out  alwi  by  excitation  of  distant  aftervrit  nerves. 

If  these  reflex  efTeet^  are  not  confinwl  within  too  small  a  vascular  field, 
they  influciuv  th«  general  hloix!  prcs>inn?. 

Since  in  almost  every  nlTerenl  stimulation,  tpswIs  Boinewhore  are  con- 
stricted and  others  dilated,  it  is  evident  that  changes  of  pressure  may  take 
place  iu  both  the  po.  itive  and  the  nefitttive  direction. 

A.-*  a  rule,  afferent  exnttitum  prndiic-es  a  reflex  rise  of  presKure  fFig.  97). 
Under  certain  eircumsinnees  a  fall  is  obtained  instead,  for  oainph':  when 
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okin  was  ahiiiuliLi<-<t. 


rpitil  from  riRlit  In  U-ii)       \i  a  iJii- 


the  afferent  nerve  stimulated  is  subjected  lo  the  inild ;  when  after  having  been 
sectioned  it  is  allowed  to  regenerate  to  a  certain  stage ;  if  the  stimulus  is 
weak. 

.At  present  it  is  impossible  to  decide  whether  these  ditTerenl  reflexes  are 
cau.>ied  by  two  kinds  of  eHerent  nenes  or  by  the  difference  in  liehavior  of  the 
vasomotor  center  to  alimuli  of  different  strength.  There  are  nerves  however 
which,  so  far  ns  our  present  information  goes,  mediatt  only  a  fall  of  presnure. 
whatever  tlie  strenglli  of  stimulus.     Such  a  nerve  is  the  depressor,  already 
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inontHineti  al  pnj;e  L!U.    The  afTiTcot  uervos  Irutu  tliv  muKcloi  luive  ihc  saaxi 
influence  cm  the  blood  prfcwure  (Fig.  98). 

The  reflfx  fall  of  pressure  on  stimulation  of  the  doprwisor  appcani  wifh  both 
vaffi  cut;  boDM-.  it  is  indf-'priidont  of  oharifro*  in  the  heart  rrr<iuciicy  and  i« 
caunxl  09P«eutiall.v  by  u  va»(Hlitnticu.    Thin  tuvolvvs  priiuuril.v  tlic  nuiuu  of  tlic 
alKlnmitiiil  cnrity  iiin4>rviit4.-d  by  the  fiplniichnics.  allhniiRb  other  partii  of  the  body.^^ 
mny  take  [iurt  in  it.  ^| 

'I'hu    reflfT  rise  of    pnwKiiro   in   |.>ro<liir'ttI    jtrimnriUi    hy   il   coiltraclion   of   ihfl 
v«i*rular  ronioii   iniipmit«'d  t>y  tbp  npIanchnirH,  FVen   though  cthpr   rppioni  hI«i 


Flo.  DH. — Rf-Ovx  (aII  oI  blnmj  pmvninT  In  i)ii>  n>bb<t  proclurMl  hy  slimulaliun  of  uii  ufTvrriil 
muM-iil&r  ni-rvfi  (to  be  rcail  trwm  rijcht  la  It-ft).  llu  period  of  stimuluiou  is  iudioftt«d  by 
Um?  vcriiciU  liii««.  I  I   ••  l*n  Mvund*. 

may  be  cnnn^mcd.     Not  nil  (he  vafM'ular  ivfrionii  of  I  he  body  nro  conalricted,  at^ 
least  not  («  the  ^anw  pxteni,  when  the  preMure  rincH;  for  vanodilntatiou  has  uftco 
I>een  ubscn'iMl  in  dirten-iit  oryuiiH,  osi-ceiBlly  in  the  iiiUM'tes. 

It  is  difficult  to  decide  in  mnny  esAea  whether  a  given  dilator  rffeet  \a  aetlve 
or  paMive.  It  may  be  that  witli  an  increase  of  presAiirr  pro<lu<iNl  by  an  4>xIeiiMiT« 
contraction  of  the  splanchnic  region.  vHrious  other  rcR-ioiia  dilate  only  because 
of  the  hixb  prefwurc.  Or  it  may  be  that  dilatatinti  Lt  actively  priHluecd.  eiltu'r 
hy  a  dii'tirie  in  the  tenufl  of  the  constrictor  nerreH  or  by  stimulaliim  of  rha 
dilator  n<T\'efl. 

A  full  in  prcfwure  itbtaiticd  refli'xly  ih  cavM'd  by  a  roduclinn  of  toniiH  in  modiC 
of  the  BrcHt  vascular  regions.  But  aa  in  the  case  of  a  rise  of  pressure,  the  reduc- 
tion niny  \n-  diie  either  to  Rtimulation  of  dilator  nerves,  or  to  diminished  aetiviiy 
of  the  cunstriotors.  After  *>XfludinK  aJI  the  rasoeopstrietor  nenres  of  the  hind 
limb,  Bii,vH)*s  ^ui'ceeded  in  demomttratiiiK  vascidilatation  in  the  name  nyion  by 
■timulation  of  the  vamu*.  In  this  cane,  Ibvrefon-,  the  dilatation  took  plst?« 
thruufph  the  activilv  of  the  vasodilator  nenm. 

%  12.    THE  VASOMOTOR   CEITTERS 

We  have  no  jwsilive  dntji  a*^  yel  for  the  IncHtinn  of  centers  for  thr  vaio- 
diiaior  n«TV«».    1?hce«  nervef  havv  been  followed  far  ioto  thu  central  Dvrvou« 
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systom.  and  it  is  very  probable  that  their  chief  center,  like  the  centers  of  the 
oilier  vegelativR  functions,  lies  in  the  modulla  oblongata. 

The  chief  vfntfr  fnr  thr  rnsoffinxtrutor  nenrs  is  positively  known  to  lie 
in  the  mciliilln.  In  ihe  ^Ill)^^i(  it  <KTiif»ies  on  oach  side  a  smnll  prismatic 
space;  in  man  in  a  rross  swtinn  taken  at  tlie  level  at  which  (he  facial  non'e 
pasiBOi  off.  it  appears  as  one  or  more  aggregations  of  gray  matter  on  the 
ineclinn  xido  of  !he  facial  tract.  From  this  center  the  vasocnnstrirtnr  nerves 
(k'scrnil  chiefly,  but  tmt  exclusively,  in  direct  paths  along  ihe  cnnl  anil  pans 
out  in  the  nerve  ronis  iilrcady  mentioned  (page  'i-l'il-  As  we  have  seen,  the 
center  i*  under  tonir  stimnlntion.  If  by  tr/in.trrti.nfi  ihr  roril.  its  influence 
be  cut  off,  the  vascular  tomiji  falls  and  as  a  conjKxiueme  the  blood  pressure 
bwomM  coni^iderahly  le«8. 

Bui  the  vascular  Ioqhs  is  not  eniirrJti  nh}ilerftlrd  h\  Ibis  operation.  On 
tlie  contrary,  it  has  been  shown  that  throughout  the  enlrn-  b-iiglh  of  tho 
spinal  cord,  with  the  excpption  only  of  the  cervical  region,  and  the  lowest 
part  of  (be  lumbar,  there  are  centers  for  the  vaj^oconrtrietor  ncrvciJ  which  can 
be  stiirmlateil  IkjIIi  rclioxly  and  by  aj'phyxiati<in.  Tbe*e  ivtitcr:-  appear  to  bo 
less  cxeiuible  than  the  vasomotor  center  in  (lie  medulla  (allhongli  lliis  ia 
denied).  They  do  not  react  co  promptly  a-*  that  center;  but  their  activity 
lasts  longer ;  and  in  virtue  of  their  greater  endurance  Ihcy  appear  to  be  of 
no  leris  nn|Hirtiin)f  for  Ihe  rnaintenanec  of  vascular  toiiu*. 

K.\peri]rieiil  has  slmwu  also  that  after  licxinivtion  uf  a  large  part  of  the 
ftjiitutl  loril.  the  tonus  of  the  vessel  may  !>e  grndually  rcston-d.  The  vciwels 
which  receive  (Iieir  oonstrietor  nerves  from  the  destroyed  part  of  the  spinal 
tM>rd  are  at  Hj-nI  entipcly  paraly/ei],  and  they  are  dilati-'l  U*  their  maximal 
extent.  Put  gradiiallv  their  tonus  returns:  thcv  reaft  to  local  npitliiation  of 
cold  and  heat  much  the  jiame  ax  in  the  normal  eoinHtion.  bnl  are  not  inllu- 
encod  by  dititant  parts  of  the  liody  (Golti  and  Ewaid).  Kither  the  vnsailaT 
waU  ituelf  must  have  the  property  nf  conlracting  in  a  tonic  manner,  when  it 
is  entirely  isolated  from  the  central  nervmiH  Mstem.  or  this  tonic  contraction 
is  eausitl  by  ijiitiijUoti  ceflf  utrewn  along  the  [Kpripberal  course  of  the  vasomotor 
ncrvcjs.  whieh  then  serve  as  vn.somotor  centers  of  a  third  order,  A  dcfuiitc 
decision  Wtweeu  these  two  nltematives  is  not  possible,  and  the  inherent  proh- 
ahility  of  the  aiw  or  the  other  natiirallv  shapes  itself  according  to  one's 
inclination  to  ascritK-  greater  or  less  hnportancc  lo  the  p-ripheral  ganglia. 

Th«  fart  mnainfl  however  that  Teowlji  entirpl.v  iwdaled  from  Ihc  ectitral  ner^ 
Vrtiw  nyatPiii  i>nn  n*<MiTer  tht'ir  tonuEi.  And  the  action  uf  the  VMHtiKlilator  iiervcj 
favom  the  ideu  (hat  vosc-ulnr  tonus  is.  nt  least  in  pari,  of  peripheral  orifiiii.  W« 
know  of  no  mum-les  wlnwe  etxilniclii'ii  cimld  eaiise  the  vesKels  tii  dilate.  Dilata- 
lioii  inuHt  In-  eiiu'^cil  therefnn'  by  dimininhlntf  ihf  aeiiviUj  of  the  rirnilar  mtinrle 
fihinra — i.e.,  vasodilator  n<»rvos  mum  bf  a  kind  of  inhihilot}/  n«*rtif«.  They  can 
evpu  exerciw  their  chararteri^tie  iiiflueuee  upon  the  VL«!»el»  when  all  ihe  vaw 
conetrictor  nerviss  to  the  same  part  of  the  body  havi?  bwti  cut-  In  other  words. 
A  rerluin  Iouuh  f>f  the  vessels  rrmafna  after  seetion  of  the  eon^trielnr  nenrea, 
wliii-h  bowfvtT  in  i-ntirt'l.v  obliterated  by  stimulation  of  the  vosodilnlnr  nerves. 

We  can  form  tho  following  conception,  therefore,  of  tho  innervntinn  of  the 
blood  vessels.  The  musoulature  of  the  vessels  is  under  Ihe  influence  of  the 
reniral  nervmui  ^ntfm  nnd  of  p^riphml  Atrticittrett.    In  the  former  is  found 
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the  Tasomolor  center  locatod  in  llie  mwlvillii.  which  ron.'itit.ule.'*  the  chief  teenier 
of  the  Tasoronfltriolor  nt-rvee.  The  ceutem  Ui»tntiul«^  in  the  ppinal  cnrd 
reprp><nit  cfnfrrs  nf  the  gernnd  oritur,  aiu!  tlu'  pt-riplnTfll  ;3;an^liH  nr  llit*  iiiuhcu- 
laliin^  ()f  llif  voKst'lK.  a^  the  case  may  hp,  rppnvciu  renlfrs  of  Ihr  ihird  order. 
The  last  naiiinl  chh  oxert  a  pnnfrfui  infiuence  even  wh«n  they  are  isolated 
from  the  nthorj*.  As  a  rule,  tht*  miisculalure  of  (he  vessels  is  in  a  state  of 
tonic  rontrartion  hcoansc  of  impulses  passinji  out  ovrr  thi;*  rhainlikr  norics 
of  ct'ntiT-i.  Th(*  contraction  is  more  nr  Iwii  woakfiuii  liy  hiimtilalion  of  (be 
vortoililttlor  nerves,  since  they  exert  an  inhibitory  influence  on  tlie  peripheral 
nicchaniam. 


The  pnrin  of  iht-  lirnin  aborc  the  nu^luMa.  esprrially  the  motor  Kono  of  the' 
ecrrbrum.  intliiPTn-e  fh*-  bli>r>H  vf<«M-U.  With  n-nnnl  In  tbi^  inlliifiii-*-.  1  l>rli«*ve 
with  Fr.  Franrk  thnt  it  in  Uj  be  conceivpd  in  thi*  Rume  wny  an  th»l  pnidun-H  by 
ihp  same  parts  upon  the  curdiac  nerves — i.e..  that  the  vasomotor  ocnt*T  of  the 
medulla  \»  wi  in  nciion  b.v  liicwt  parts  of  ihr  hretn  in  rxartly  tho  same  wa.v  afl 
it  is  M i mtilatcH  by  the  nther  pnrt-t  of  the  body  ihroufth  their  afferent  nerves. 
And  ju*t  am  wo  have  st-en  iha!  in  mtwcular  actirity  the  iirceleration  cif  the  heart 
ia  Minditiniieil  hy  lliis  iiitliii'Tiee  nf  the  <'*-relirani  »\tm\  llie  medulla,  w4<  tuny  infer 
from  l}ie  fads  which  wc  alivady  bavi*  that  tb<.>  chanire  in  vascular  tunu«  takins 
place  in  muscular  work  are  prodaccd  by  a  similar  influence. 


^    13.      GENERAL    CONSIDERATIOIVS    OR    THE    DISTRIBUTIOII    OP] 

BLOOD   IK  THE   BODY 

The  distribution  of  bhfod  in  lite  body  depends  partly  upon  mechanic 
conditions,  but  chiefly  upon  the  voitnmotor  nervM. 

A.    UECHAKICAL  IMFLUElfCES 

To  tb**e  belong  first  the  caliber  of  the  afferent  arteries;  the  greater  tht 
caliber,  the  Rreater,  other  tbiii(f»  iR-itiu  equal,  must  be  the  supply  of  bli;iKl  to 
the  part.  Monniver  the  aHUuiU  of  the  hotiv  plays  a  (mtniincut  part  i>»peeialljr 
in  the  flow  of  bloiKl  in  the  veins.  In  the  upright  iKisition,  for  example,  the  veina 
of  the  lower  extremities  are  dilated  becauiv  of  the  hydrostatic  proMure  of  the 
bliKxl  oidumn,  and  ibfy  contain  n  larifi?  quantity  of  bloo<).  In  cbanfiinK  to  llrt 
horizontal  position  the  rirh  (iuppty  of  binod  to  the  lower  extremities  dLicreafes. 
The  <|iniiitily  which  is  ithiftcd  in  this  way  amounta  in  a  gmwn  man  to  about 

too  g.   (MoRfto). 

The  iiiduenee  of  the  respiratory  movoroentu  on  tho  circulation  hait  already 
been  diisruHM-d,  With  a  positive  prvtHure  in  Ibi-  tlmnirie  eavity,  for  exumple.  in 
Kcrere  museiilar  effort,  when  the  Uintnt  are  inflateii  and  the  fcb'ttix  i*  cliw«-d.  the 
return  flow  of  blood  tn  ih(<  heart  in  hindered  and  the  quantity  in  the  extrcmitice 
inrrcBSe*. 

If  with  the  body  in  a  vertical  poaiiion,  the  head  bein*r  upward,  the  splanch- 
nieji  be  cut  so  as  tn  paralyxe  the  (rn-iil  vaMrular  rejfion  of  the  nbdotninal  Tineera, 
and  the  renpirution  be  then  intcrruptwl.  the  rirrnlation  Htop!t  at  uiic«.  The 
dilated  vr«ael«  of  the  abdomen  contain  "o  mtieh  blood  that  the  heart  no  lonirer 
receive*  a  i>ufficient  supply.  In  siieh  case«.  howeTcr,  the  eimilation  can  lie 
reitorvd  to  some  extent  by  respiratory  mr>ven>ents.  the  bluod  heinR  drawn  by  the 
aspiration  of  the  thorax  from  the  veiiw  cnvir  to  tho  heart  (Hill  and  Barnard), 
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An  increase  or  di^crosBP  of  lurRor  in  a  rcrtain  part  incident  to  different 
piMitionH  of  the  body  muijL  cvid<-ulty  jirtMlmHi  in  Jiihi-r  pnrls  chanera  of  an  oppn- 
Hitc  chnracter.  The  volume  of  one  nnn  is  jcrealcr  wlieii  the  other  \»  hold  pns- 
i^ively  filxjve  the  liend;  the  volume  of  the  hand  int^reRRfR  when  holh  femoral 
artcricE  are  compressed,  etc.  Keflex  activity  of  the  vasomotor  nvn'ca  oIIud  cani«« 
in  ben  to  infiucncc  the  result. 


B.   THE  IBFLUEHCE  OF  VASOMOTOR  NERVES 

Tn  general  one  may  say  that  vnder  nurnwl  drrunn^timrrs  every  part  t>( 
the  hi)d:y  receives  fxacth/  as  much  bhmd  «,<  it  has  ni-'-d  »[■  and  thai  liy  dilata- 
tion of  vcsiwls  fl  piirtieuliir  part  rccrives  tnnre  hlnad  the  more  active  it  is. 
At  Die  t^aiiie  time  lilood  ves^^els  in  nlher  pnrto  of  the  Irndy  are  constricted,  and 
in  this  Tvav  the  normal  blood  iireAsure  necessary  for  life  is  maintained  by  an 
iuccB.sanl  reL'ipro(!ity  between  the  different  va-ieiilnr  rejrions. 

In  the  stale  of  bodily  roht  the  organs  of  the  thorns  and  abdompn  contnin  a 
relatively  Urge  part,  as  a  rule  morr  than  hulf.  of  the  totrtl  (juantity  of  hlrxvl 
in  the  hody.  'I'lie  content  of  blood  in  these  or^'ans  nmnunt--  In  mIkpiiI,  twonty 
per  cent  of  their  ttci;:ht,  while  the  hhnxl  couteiil  of  the  skin,  ^keU■t'^n.  niui*clft* 
and  the  nervoiiji  substances  amounts  t/>  only  two  to  three  per  cent  of  ihoir 
weight  tKaiike  ft  al.).  The  hloml  stored  up  in  the  internal  organs  is  always 
at  the  ditiposal  of  any  organ  which  has  need  of  a  larger  supply. 

Thus  in  muMcidflr  work  the  vessels  of  the  musclca  and  skin  ure  diluted,  ubile 
at  the  same  time  the  vesaelK  innerviited  by  the  splatielinie  nerve  are  conntriutcd 
to  a  greater  extent.  OonftcqiH-ii tly  the  blood  |ire«sure  an  a  rule,  if  not  always, 
increases. 

By  the  use  of  apparatus  conBtructed  for  the  purpose  of  determininB  the 
velocity  of  the  bluud.  the  quantity  tluwiug  tbmugrh  some  of  the  orjraui*  in  a  Riven 
time  has  been  nie«niire<l  directly  (ef.  hUu  iinge  211).  In  the  don  Twchnewskv 
found  the  (lunntity  per  minute  and  per  ItXf  g.  of  organ  to  he  3.4  c.c.  for  the  hind 
limbs  with  the  nerves  intact,  and  9.9  c.c,  after  section  of  the  nerve«.  The  hca<l 
received  10.0  c.c..  muecles  with  uncut  nervcii  13  cc..  the  thyroid  Rland  5110.9 
r.c.  (1),  all  per  minute  and  per  100  g.  of  orgnn. 

In  the  researches  nf  Ohaiivcau  and  Kaufmnnn  the  quantity  of  blood  flowing 
tbnninb  the  lcvat«ir  ttiiincrioruf*  [iroprius  niuscte  of  the  horse  was:  in  rest,  on  the 
iiveraKC  17.5  c.e.  per  10'*  r.;  in  iiclinty.  it  rote  lo  85  c.c.  AceordiuK  to  Bohr  and 
Henrifjutf.  fhc  (f()ir's  heart  retfivcx  mi  ihe  n%iT!i;rc  5')  c.e.  j)er  minute  per  1"0  g. 

In  view  of  its  function  of  remoTinit  from  the  body  the  nitrogenous  products 
of  metflbtilisni,  the  kidney  reoeiveii  a  relatively  large  quantity  of  blood,  especially 
if  great  demands  are  made  upon  it  by  transfusion  of  a  diuretic  agent  (cf.  Chap- 
ter XTIl).  There  then  flows  through  the  kidney  (dog)  per  minute  a  quantity 
of  blood  which  amounts  to  one  hundred  and  forty  per  cent  of  its  own  weight 
(average  uinety-iiix  per  cent),  Tn  the  samp  animal  the  quantity  of  blood  cxpelli>d 
from  the  left  beiirt  pi-r  minute  may  be  estimate*!  at  about  ten  per  cent  of  the 
bod.v  weight,  llenee,  in  strong  diurettiH  the  blood  supply  to  the  kidney  would  be 
relaiivtly  {ourlteu  times  an  ffrrat  tut  to  nil  the  nrgnnn  ttil-fn   together. 

Furthermore  the  distribution  of  blood  to  the  different  parts  of  the  body 
exhibits  incewant  Ructuationn  produced  by  the  vasomotor  nerves,  which  are 
connected  either  with  the  activity  of  the  organa.  or  witli  the  heat  regulation  of 
the  body;  for  the  Iicat  regulation  is  controlled  iti  the  main  hy  vaKomotor  nerves 
(cf.  Chapter  XIV). 
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The  btood  flow   to   the   brain  calls   for  a  )ipE>eial  diMntsaioii.     In    the   ehild' 
while  the  skull  is  not  yvt  cvmplotfly  c«9ilic>d,  tbu  gr^it  fontaud  exhibits  pulsa- 
tions wbicl)  ure  uiicIoubttHlly  cauiwil  by  the  heart  bcatit  and  by  the  re^piratoE/, 
moveinoiittf,  ami  wbirh  show  mnrpuTer  tlint  thi?  bluud  Hupply  \o  the  brain  may 
Taiy  under  diffemit  ci rcumstaiic-ois. 

How  far  this  is  true  in  the  mature,  vninjvred  slcult  has  been  much  debuted. 
Were  (he  ekull  cavil.v  rigidly  chi&eU  on  all  sides,  and  were  the  brain  substanoe 
nearly  ineompressible,  the  Rtrnie  quantity  of  blood  shmild  be  present  in  thn  brain 
at  all  tinn?8.  But  this  would  not  be  true,  if  water  or  othw*  material  were  secretwl 
from  the  blood  v<«m>1!>  or  olherwiite  extrnTiuintm):  for  then  the  quantity  of  blood 
equiralent  to  the  volume  of  material  pourvd  out  of  the  vessels  would  be  dis- 
placiKl.  Otherwise  blcKid  flowinit  awuy  by  the  vcica  would  always  maJte  room  for. 
the  blood  Qowiog  in  by  the  arleriee.  ' 

But  it  has  been  shown  that  this  noneluinton  is  not  «trictly  porrect,  and  thjit 
the  quantity/  of  blood  in  the  brain  ean  in  fart  inrrea-xe  and  decrease.  The  nttul) 
cavity  h  not  suprnuiided  on  all  sidi-*  by  solid  b*»iiy  wiilU.  It  cninmunicales  with 
tlie  spiiiti)  cauut,  b*'(ween  the  inner  surface  of  which  and  the  outer  surface  of 
the  dural  Bae  are  numerous  venous  plexuiies  eonncetixl  with  the  veins  of  the' 
Keneral  system.  The  foramina  interrenebralin  arc  filh'd  with  a  vaeu«ilati>d  tissue 
which  ran  be  pivased  outward.  The  subdural  sjiflce  ooramunicates  with  the  deep 
lymph  vc4§eN  and  glandit  of  the  neck,  as  well  aa  with  the  lymph  Iracta  of  Iha, 
peripherHl  nirvfw. 

The  >«ubitruehnoid  spaces  are  likewise  in  eonnerlion  with  the  lymph  tracU^ 
of  the  pcri|ihi-ral  nerves.  The  cenhnwitinat  eunal  tlK'refurc  uiust  be  retcarded  ai] 
a  riirid-walled  ca%'ity  with  nn  elnAtic  d»or. 

Now  it  has  been  found  both  by  cxperimeiit-s  nn  animaln.  and  by  physical' 
(OraiiHey)  and  muthematieal  (Lcwy)  calculations,  that  the  regulation  of  Ihfi 
blood  flow  to  tht  bruiti  takes  place  in  exactly  the  same  way  as  in  the  other 
OTgata — i.e.,  dilatalion  nf  the  nrterie^  produces  nn  inereaae  in  the  flow,  con*' 
atrielion  a  diminution.  Any  stasis  of  venous  blood  coumv  nn  arterial  anatmia, 
just  us  doe*  A  se\'err  eompression.  as  for  example  by  a  forci|rn  body  forced  Into 
the  aktdl  eavit.r.  Ho  lolift.  therefore,  as  it  is  a  quei^lion  only  of  the  nltcralioiia 
in  arterial  volume,  which  correspond  to  the  pbs'siolufiical  tieed«.  the  eircum* 
stance  llml  the  brain  is  inclosed  by  a  solid.  unyieldioK  capaulc  i«  of  no  essential  j 
im|>ortanei>. 

JentM'n  has  found  that  the  quantity  of  blood  flowing  to  the  brain  of  n  rabbit ' 
is  on  the  average  lliii  e.e.  per  KMl  g.  per  minute  (extremes  tM*-278  o-e.).     In  the' 
dog  he  found  as  u  nienn  cif  lw«i  re^'urelies  138  cc.    The  brain  rrrtivrt  rglativtllf 
mart  blood  than  ana  of  tht  other  organs  thu»  faraivdied  except  the  thgroid  gland. 

BKrKRRM(-r«. — R.   Tirtjerelrdt,  "  Ijehrbueh  der  Phy«iol(«ie  d«  Kreislaufea.* 
Leipzic,  X893. 


CHAPTER   VII 

DIGESTION 

The  purpose  of  digestion  is  to  so  change  the  foodstuffs  that  they  can  pass 
into  the  blood  and  he  utilized  in  metabolism.  To  this  end  the  food  is  sub- 
jected to  meehanical  division  and  chemical  transformation  in  the  digestive 
organs. 

Of  alt  the  combustible  constituents  of  our  diet,  only  sugar  is  soluble  in 
water.  Starch  and  coagulated  proteid  are  insoluble  in  water;  but  by  digestion 
they  are  so  changed  that  they  can  be  taken  into  solution.  Fat  also,  which  is 
insoluble  in  water,  is  transformed  so  that  it  can  be  absorbed  from  the  ali- 
mentary tract  into  the  blood. 

The  organic  foodstuffs,  which  are  already  soluble,  undei^o  transformations 
in  the  alimentary  canal  which  adapt  them  to  the  requirements  of  metabolism. 
The  noncombuBtible  constituents  of  the  diet,  water  and  the  salts,  do  not  require 
to  be  digested  in  order  to  be  taken  into  the  blood. 

In  man  the  work  of  the  digestive  system  is  materially  aided  by  the  prepa- 
ration of  "  dishes  "  of  food,  since  the  foodstuffs  are  thereby  rendered  more 
easily  accessible  to  the  digestive  fluids. 

The  heat  necessary  to  boil  or  roast  meat  swells  the  connective  tissue,  which 
holds  the  muscle  fibers  together,  and  changes  it  partly  into  gelatin.  The  meat 
at  the  same  time  becomes  less  compact,  and  so  is  the  more  readily  reduced  to 
fine  bits  by  our  teeth.  In  the  cooking  of  vegetable  foods,  the  cell  membranes 
are  ruptured  by  the  heat  and  the  starch  granules  are  transformed  into  a  soluble 
modiflcation.  In  bread  baking  the  dough  is  rendered  spongy  by  the  carbon 
dioxide  formed  in  "  raising,"  and  this  is  carried  still  further  by  the  heat  of  the 
oven,  by  which  also  the  starch  granules  are  transformed  in  the  same  way  as  in 
ordinary  cooking. 

FIRST    SECTION 

THE   DIGESTIVE   FLUIDS 

g  1.    GElfERAL   SURVEY 

The  fluids  secreted  by  the  digestive  glands  serve  either  to  change  the 

chemical  nature  of  the  foodstuffs  so  that  they  shall  i)e  fit  for  absorption,  or 

they  aid  the  proccs:?es  going  on  in  the  alimentary  canal  in  some  other  way. 

Certain  products  also  which  are  given  off  with  the  digestive  fluids  arc  des- 
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linetl  merely  to  bo  eliminalMl  fmni  the  tiody.     tn  this  dcctinn  we  stiall  con- 
sider in  the  nuiin  only  the  coiiRtiliumt')  in^porlunt  in  digestion. 

It)  r>nkr  tn  Ktudy  tlic  ctieniical  prnfiertteti  and  tht;  ac-tinn  of  tlic  difTorent 
difp'stivp  fluids,  om-  may  n*.*  otilicr  extracti*  of  tlu-  appropriate  iilaiiii."  or  the 
nntiiral  wH'nHinn  (MlU^rkHi  from  their  ihicts.  In  the  latter  case  the  rluct  is 
shirttil  frntii  iti^  normal  n)nn»clio[iii  and  is  made  to  npen  ax  it  fistula  on  the 
outer  surface  of  llie  b«Kly.  bo  that  it  conveys  the  i^ecretion  to  the  exterior. 


The  first  fintula  of  a  diBiwtive  trtiuid  u,  bo  ihc  auhject  *if  n  lhon>ii|Khb'  scien- 
tific inTesiignlir)n  wnit  one  resulting  from  »  ^nshot  wound  in  the  AtomiK^h  of 
a  CanAclinn  huntrr.  As  a  ooniu^tictin-  tif  liis  iifcideiit,  ihi'  hiinli'r  liitd  nil  th« 
tv*t  iif  hilt  lifu  a  stomach  fitilnia  opening  at  the  upp«r  part  of  the  alidxnien,! 
thrnimli  which  the  interior  of  the  stomach  couhl  be  i.'l>«erv<*d  and  euKtric  juice 
could  be  obtuimil.  From  obwrva lioim  on  thiti  man  extmdiiiu  over  u  nurnlK-r  of 
yrafH  (lS2.VlH;t:i)  Fifanmont  ciillfclcd  n  InrRr  nnmber  nf  important  farts  eon- 
ceniinp  rhe  dine^rivt-  pntffTts  in  ihc  utomai-h.  and  t-onofrniiiR  (ho  movfraonta  of 
that  orftiui.  Ijitcr  linssnw  and  TlloiKJlot  (1^-)  Mhi>\vt-«j  hmv  »  Hlomitcli  ti^tula 
niH,r  Im-  nt»*U*  <>n  im  Hniniitl.  Sim't-  ihut  timv  ^uch  (i>'tulH>  bare  iH-en  madv  for 
ihcrapenlii^  jiuniiiscs  on  ninii  bimm*lf.  and  they  have  bc^n  UM^d  to  nood  advan- i 
tJijrc  for  iho  Btiid.v  of  gastric  digcHtion. 

Thr  pnnrreade  jiiire  i«  obtained  by  mennfl  of  a  cannula  fastens]  in  the  duct, 
of  WimutiK.  or  from  the  o]>cii  duct  itutun^d  to  the  nlMlominal  wall,  or  6nalt,v  by 
iaoUling  that   portion  of  ihi-  iiitci'linc'  into  whioh  th>-  duct  o|M^nA  niid  briiifOn|r 
it  forwunl  til  the  alHluniiniil  wull. 

In  order  to  i^tudy  the  secretinn  of  &t7«,  fistula;  are  made  in  the  gall  bladder. 
The  ductus  (.'holidtx'huK  can  be  tied  ulT  and  the  bill'  cjin  thiif<  l>o  t-ntiivl.v  shut  nut 
nf  the  intf'Atinf,  nr  tin-  duct  can  K-  U'ft  ojicn.  ""  thnt  the  UUc  flown  n*  ii^ual  to 
(he  inlefltine  except  when  the  ti^itula  in  open  (amphjbolnun  biliarv  fistula).  The 
intestinal  loop  containins  the  mouth  of  the  duct  earn  also  be  n^-MVted  and  brxuiRht 
forward  to  the  HMominnl  wall.  By  the  latt  methnd  especially  it  is  possible  to 
observe  how  the  bile  flow  is  affected  by  diffrrcnl  klnda  nf  food. 

To  obtain  pure  intrMthial  jnirt  a  loop  of  lhi>  intfatine  is  imlnti'd.  one  end 
of  it  in  mitured  to  the  «\(,'\n  and  the  other  in  rloiM-il  (Thlr>'»  fUtuU);  or  both 
end»  may  U-  ttutured  to  the  akin  <Vella't<  fistula),  in  which  case  the  inttwtino  la 
of  course  more  acr(«Rible. 

The  most  iiH[x>rtant  con-ftituents  of  the  dijjestivc  fluid*  are  certain  w- 
zymes  which  mav  lie  elarwified  in  three  ^nnpi*:  proteid  di.t'*nlvinp  {protrty- 
l^tir).  sugar  forming  (dw-iffl/tr  or  amfffolttlir)  and  fat  spliUinp  iHpnlylir), 
All  of  the  difre^live  enxvmolic  |>rores.'ie*'  agnv  in  thin,  that  the  orffanic  food- 
stufTs  actiil  upon  aii^irl)  the  cnnMiliicntH  nf  water  anr]  an*  split  into  •'iniplcr 
oompnundit  (hydrulytic  eteava^). 

The  pnz]nnc«  arc  formed  in  the  different  plands  of  the  nlimeiilnry  canal; 
namely,  the  proteolytic  in  tlic  frland'*  of  the  .-ilomiicli  and  in  the  paiicrea*; 
ftmylolrtio  in  the  •:alivary  f^landn,  in  the  pancrens  and  in  tlic  glands  oF  Lieber- 
kiihn  of  the  email  intestine,  li)Kilylic  in  the  mucous  membrane  of  the  i<lomsch  ^ 
and  in  (he  pancreaf. 


Two  emgmif*!  which  act  on  the  same  foodaluffa  are  not  npowwarily  identieaL 
For  example,  pepnin  frr-ni  the  iraslrio  Klandn  ro1«  on  pmtcid  in  an  m-id  miiliuin, 
while  Irypcio  from  the  pancreoa  acts  on  proteid  in  neutral  and  alkaline  media. 


I 
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The  c-nzvmcs  are,  wt  far  a»  we  know,  formivl  in  thp  glamls  thpin^clvM. 
Diiriiift  thr  inlon'n!!»  Iwtwopn  moaU  ilii-y  an-  lii'posilni  in  the  glands,  to  be 
poiin-ii  out  wlit'n  i-nquiifcl  for  ttipii-clinn.  Hut  we  iltt  iml  Jiiul  tlw  finii^he*! 
|in>ilm-t  in  thf  j:^and»:  iuslcad.  prefiirsors  of  IIip  enzyme-a,  thp  so-chIIciI  zi/mo- 
gais,  are  elaboratM  in  them  and  are  trHnsfnnnwl  into  the  cnzymo.-^  either 
diirin^  the  ai^l  nf  secrftion  or  in  Ihe  ««crp)firir  prmlHct  after  it  is  given  off 

(fig.  !>;*). 

Ariifiriai  (titiratuin  i«  often  pmplo.vnd  in  shidyintr  llio  action  of  th^  digesliTe 
fluids  nil  iho  fnodshiffs— i.e.,  a  given  food  tit  mixed  eithi'r  with  ihc  Ihiid  M?oreted 
hy  a  glund  or  with  an  extract  of  the  glAitd,  and  the  mixture  i»  kept  fur  a  tluw 


y^ 


-rag 


.1^' 


-;??'. ;;.i^ 


AWw.. 


yzvr'- 


•'■-■'*. /^'  '■'-■^'''■^ 


Flo.  90. — Transwrep  MCtion  of  ttw  h<>pnti>pnncn<wi  (if  an  iiKjjwil  cmxtntcnn,  fixwl  in  o«nir 
•ciil,  sliowini;  (lie  ipiulual  tTSUfdammlJciD  ol  lyniugirn  grHniik's  inlii  Hccrr^tiun  (IropldA, 
aller  Murlin.  Tlii'  c^-niuKcn  KtsoulcH  «ppcnr  fir^t  immriliatrly  about  (lip  ntK'k'ii*  {Zym'y.). 
A»  Ihrc-til  gmwa  in  aixe  LhL-  gnuiulm  incrrBse  in  niunbrr  mi  Ba  louiniCMt  lill  iIii-ct.4!  (1'.  t^ttt). 
8tUI  later  lh»y  «faN>ri>  fluid  from  (he  protoplaMn  and  awdl  up,  bciuK  rinally  dinrhnriRd 
fran  the  (rrc  bordrrnt  Ihrrcll  wistPcTr-UondroplcbilAf.  «yi»i.>-  Fmij. .  Irafpaftilot  n  wll  broken 
off  and  lying  in  tlw  lumen  at  tlie  glanil ;  A' tie.,  nudeua  of  a  mttturt-  cell. 


at  body  temi>eniture.  A  preat  maw  of  important  ffflet»  hai*  been  obtained  in 
this  way;  but  wc  cmmot  apply  tht-  results  of  Hrtificial  dipestiou  to  tJip  natural 
procf>ts  in  the  htuiy  u-i<ti(.>(il  notue  roervaliiiii.  Fur,  even  iieKlceliiiK  (In*  ur- 
chatiitrul  work  of  the  alimentary  canal,  there  are  several  important  differeiiccii 
between  Ike  two.  (1)  In  natural  dim^tiou  the  fluid  in  n\way^  adapti-d  in  quan- 
tity and  qualify  to  the  qunnlity  and  rhnracter  of  the  food  acted  uiM>n.  while  in 
artifieial  digegtion  b<tth  ihe  quantity  and  the  character  lut-  fixeil  for  a  ffiven 
experiment.  (2)  In  llie  nHliiral  process  the  products  nf  dise^lion  are  removed 
by  abs-trption  as  soon  as  they  are  formed;  in  arlifieial  dipcation  they  remain  In 
the  mixture.     ITiia  is  of  no  small  cunjiwiueiirf ;  for  in  Ihe  nue  caw?  the  cfniTW>  of 

L digestion  is  affected  by  llic  pn-wut-e  of  ihtfie  products  (cf.  pBRe  3H),  while  in 
the  other  thia  is  preveiiteii  by  Uieir  prompt  removal  from  llie  sphere  nf  action. 
(3)  Finally,  in  the  normal  nourse  of  d)ge.-<lion  (he  different  etecretionB  may  influ- 
ence each  other  eo  that  the  fiunl  result  may  be  essentially  modified. 


KALI  V  A 


MS\ 


Mett  vmploys  the  folloiK-tiig  mothuil  of  dtlcrniiiiing  tho  Rhvnfrlh  of  a  pro- 

L%o1ytir  <-Tip.yin<'  in  n  H!|fo-HtiT<>  fliiUI.  Fn^h  white  n{  nqr  i»  ^iiioki^  into  a  narrow 
l^&w  tuW-.  Ilir  tube-  it  «)i[ipL-(]  iutu  water  al  U^"  aud  is  thtni  itllnwanl  tu  <xkiI 
sluwly.  Tliu  lulx>  i»  iiuw  broken  iiitu  nxnnU  pieces  mid  one  of  ibem  U  plained 
in  the  lluii)  tt>  l)e  tiMU-'iI.  Tbi'^  nuiiibL-r  nf  milUmotum  of  the  eoaKulatcd  allmmin 
dii>«olTed  in  a  unit  of  time  affordi*  a  moaxurc  of  the  onxymotic  action.  Amyloly- 
tie  action  can  be  <le1«miint-d  in  a  similar  way  by  means  of  tubes  containiuR 
culon^l  starrli  piiHte,  and  lipnlytic  aelion  by  fitidinK  llie  amuunl  uf  full}*  acids 
iet  freo  in  a  given  time  from  a  known  quantity  uf  neutral  fat. 


4 
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92.    SALIVA 

Salivn  U  won^lwl  by  tlw  thrre  pairs  of  larirc  salivary  glandn  lArntecl  in 
(he  Qetghbtirhnml  u{  ihi*  tiurnil  i-avity  and  »{ifniu(;  into  it  by  thi>ir  »>veral 
diK'tn.  aTiil  aIao  by  siiiall  glandx  eriihedded  in  (h<.>  mucoutt  membrane  of  the 
month. 

TIk*  pnn]ue(  ha^  a  varrinfr  eonstitulion  a«»rdin*r  lr>  Ihe  ginnd  by  which  it 
i*  formed,  and  an  (he  \ta»\)^  of  Ibe  ch«ructorbitii-  pm[«?rtii-^  of  Iheir  secretionn 
the  salivary  ^'lands  may  i>e  diviih-d  into  two  chief  jtmnps.  One  group,  railed 
albuminou)!  t/lauds,  |)ru«lu(x*  n  Ihin,  wiUery  secretion,  which  (."imtuin^  only  pro' 
teids.  salt*,  and  in  wrtain  cases  a  diastatic  cnzyine.  Hero  bolong  the  parotid 
gland  of  .ill  niaminalw,  the  tiubTonsillary  of  the  rabbit,  some  of  tlie  glands  io 
the  ncMte  and  tongue,  and  the  lachrymal  glands.  The  other  group — the  mtirout 
glands — secrelo  a  more  or  less  viscid  fluid,  which  conlattu  mucin  aa  its  cliar- 
aclerislic  ingredient.  iM-sidw  >ia\ii>  and  timall  quantilics  of  proteid.  TliL"  gniup 
include^  the  suiirnaxillary  glands  (with  few  exception*),  the  sublingual,  part 
of  the  buccal  glands,  those  in  the  mu<'Y>n.<(  menibrnne  of  the  phnrvnx,  the 
laryu-v.  trachea  and  a'Hiphagus.  Them  are  alt^  mirpJ  yUmds — e.  g..  Uip  sub- 
maxillary of  man — in  which  a  part  of  the  gland  conform*  to  one  of  IhcjW'  typen, 
Uld  0  part  to  the  other. 

The  mlrrd  salira  of  man  \»  a  colorle?;;  or  light-blai»h,  turbid,  odorlou, 
iili{)pory  and  viKcid  fliihl,  which  upon  jitanding  for  a  time  flcparat««  into  an 
upper,  trnnsparcnl  and  a  lower,  turbid  layer,  the  latter  rooRiKting  of  mucous 
flaki».  iwlivary  corpuscle*,  epithelial  scales  from  tho  niouth.  etc.  The  rt'sction 
as  a  UHUal  thing  I.'*  weakly  nlknliiie  aUlHiugh  it  nuiv  )«  neutral,  or  even  weakly 
acid.  It  is  a."iscrted  that  the  rcactiou  early  in  the  morning  is  weakly  acid, 
neutral  or  amphoteric,  that  after  cvftry  meal  it  becomes  alkaline  and  then 
gradually  returns  to  the  neutral  or  weakly  acid  reaction.  The  specific  gravity 
is  l.(M»3-1.009. 

The  ehic'f  constiluontg  of  mixed  saliva  are:  proteid,  mucin,  a  diastatic 
enzyme  (ptyalin).  and  imtaiwium  (;ulphoi'_«mido  (KC'NS),'  Kesidtw.  we  find 
inorganic  salt^,  gH^xjtt  ami  tracer  of  aminoniu.  uitromt  acid,  urea,  etc.  Certain 
drugs  nlm  are  retnovcd  from  the  blo«')d  in  the  xalivary  i*ecretinn. 

According  to  rotn-nt  analyses,  the  human  naliva  oontairw  !>H.8-»9..'5  per  cent 
water,  and  O.S-0.:j  per  cent  aolidn  of  which  0.1-0.4  )ier  cent  is  organic:  the< 


I 


I 


*We  con  only  My  with  re^rd  to  thin  mbntanre  that  iln  N  oad  R  pmtwbly  come  froa 
pml<>id.    It  hM  been  aanuned  to  rotifer  »n  antiseptic  action  on  the  saliva,  but  tiiu  b 
rotilimiad. 


246 


DIGEST  I0\ 


lofl 


salt  content  is  0.1-0.2  per  cout  and  the  KCNS,  O.OdJ-rt.ol  por  cftnt.    TJ 
quantity  of   mixed   liuman   saliva   accreted   in   tweiity-fniir   limirs    iw   alinul 
1,600  o.e. 

The   Oioflatic  Kmymt. — In    1831    louche    founri    thai   saliva    jfratlualli 
di.-wolvcs  jil&rch  ami  i*nvorts  it  into  the  snliiMc  carboliydrates.  iluxtrtn  and' 
sugar.    This  action  is  to  be  asrrilMNi  to  an  cmymc,  called  ptifaiin. 

Dry  starch  is  not  soluble,  but  it  swcllf;  up  in  warm  water,  foniblnj^  alarch 
paste.  On  heating  filarth  with  jrlvceriii  hji  Iti  190*,  or  In*  iieid  femifiitalifHi 
of  thi-  paste,  it  is  rendered  miIuIiK^.  Soluble  ulareh  i^  also  the  first  jirodiK-l  of 
di^t'stioii  iintliT  the  iicliiin  v(  ptyaiin.  In  the  rurtbcr  ci>ur^o  n{  i\i]<  aeliiKi 
soluble  flart-ti  is  split  by  absorption  of  water  into  dextrin,  iMimalt"!*^.  and 
maltose.  There  is  present  in  snlivn  a  trace  of  nn  inverting  enzyme,  inaltase.* 
which  eonverlji  a  sinall  ((imnlitv  of  iimltof^u  into  (Ie.\tror.e  { Itiiluuaunl. 

More  in  detail,  lliij*  lranKforninti')n  "f  «tarc'b  into  su;;flr  proeocti'j  aboi 
fl«  follnws:    Pirsl  tlio  snjnhle  stareh  is  split   into  rrythrniii-jinn   (red  coU 
with  iodine)  and  niaUo^c.     Then  from  the  erythrndcxtrin  is  formed  an  achro-^ 
vtif.rtriii   (no  color  with  ii>i!iiie)   and  iiuiri'  iiinltfim-.  «»<!  jiclirniidextrin  in  its 
turn  yichl-*  another  achrmdi-xtrin  and  more  rtujjar.  etc.  ^| 

In  artificial  digestion  i-tiirch  can  never  be  co!iipleti;ly  clianjrcil  into  i^ugarl™ 
But  if  the  fxiwriment  be  80  arrange"*]  that  the  suf^ar  can  \\c  removed  by  dial- 
sig  a.s  it  U  foritu'il.  the  (ran.^fnrniHtion  may  be  curried  inm-b  farther  iban  is 
jg^iblf  otbcrwisi'  (lA-a),  Since  provision  for  rcmovu!  of  the  Mtjiar  is  made 
in  Ibe  digestive  system,  it  is  probable  that  all  the  starch  is  transformed, 
provided  only  that  Ihe  plyalin  has  the  npporlnniiy  of  ftctin;;  Ion<r  onnnnh. 

Human  saliva  ai-ln  very  rapidly.  When  ei|iiHl  volmnes  of  saliva  and  .ilarcli 
paste  are  mixed,  at  IiikIv  1em|n'ratnre  the  slareli  ilisiippeur^  in  alioiil  Iivo  and 
u  half  liour.>i.  Cooked  ^ta^ch  is  di;rcsicil  more  rapidly  than  niw,  ami  [udver- 
ized  dtarch  more  rapidly  than  noupulvenzed.  ^| 

Plyalin  appears  to  net  more  |)nwcrfullv  in  a  nfi^utrttl  or  wfal-lt)  acid  mfiVium  ^^ 
hencp  best  rwults  an-  olitaincd  when  the  alkaline  f-alivn  jw  carefntly  ticiitndiztHi 
hv  addition  of  a  verv  ^nlall  quantity  of  acid  {not  more  than  (i.onoV-O.OOr^  per 
cent  HCl;Cole). 


g3.    GASTRIC  JUICE 


] 


Gastric  juice  cannot,  be  obtaicied  pure  from  an  enliMar.v  (castric  fi»)1ula,  it 
CTCn  if  tin-  paniHi's  of  food  rould  hp  exclmietl.  it  ■n-onid  hr  mixed  willi  »«>i 
fintivn  whieb  hail  iK-cn  *wnllowed.  In  the  4«it.  however,  ihese  ditticullies  can  br 
overcome,  by  luakinx  Ufth  a  stmiiHt-h  tisliili)  mid  nii  ri-M(f]ihaK''ti)  fi'.tnl«  (Pawbiw). 
The  AtiHiiaeli  eMii  iiUn  be  out  off  fri>ni  ImhIi  u-KuphiiKii"  «iid  diKKieiium.  lln*  lul- 
tur  two  Huturvd  together,  and  the  juice  eolk-ctod  from  thi-  isoltiied  stomiieh 
(Fremont). 

Gastric  jnico  obtained  in  this  way.  wh^n  it  in  frectl  fmm  the  (^tomach 
mucus,  is  perfectly  clear  in  color,  arid  iu  n'action  and  is  devoid  of  foreipi 
taste.  Its  specific  gravity  is  1.003-1  .(H 139.  Jn  a  layer  20  era.  long  it  rotates 
the  plane  of  polarized  light  O.TO'-O.^a"  to  the  left.    It*  dry  n»idne  amount 


'  In  SFtM-ral  the  «iiiiymm  nre  tinmeil  by  luiHini!  Ihr  siilbx  our  to  th«  iinme  of  the  i 
»Uuice  on  which  it  nrls.     Exreptiotw  t»  tbi«  ruk*  ure  alder  Damm  Mtill  in  uov. 
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to  0.29-0.60  per  cent,  the  oeh.  to  0.10-0,17  per  cent.  It  oontsms  neither 
ppptniit?,  nor  k-ucin,  nor  tyrodin.  hut  always  contains  proteid,  and  nt  limes 
traces  of  fatly  acids.  At  a  low  temperature  it  becomi't^  turliid,  and  sppa- 
rates  into  three  layers:  an  upper  clear  layer,  a  median  turbid  layer,  and  a 
lower  one  consisting  of  a  sediment  of  i«mall,  homogeneonn,  utronjjly  refractive 
graniiloit. 

Tlie  annlysia  by  Sehumow-Simanowsky  of  the  pure  gastric  juice  of  the 
dog  U  a»  follows  1 

Aeiil 0.46  -O.M  per  ceuU 

Chlorini) 0.4&  -O.flS  " 

Dry  restdae 0.43  -D. 60 

Aah O.Ofr -e.l8  " 

CoftguUtion  lijr  ftlcnhol 0.14  -0.10  " 

OMgiiUtlon  hy  heal 0.t.t  -0.18 

PnoipitatioD  at  0*  C. 0.01 1-0. 008  ** 

Phmphoric  arid 0.004  " 

G&rtric  jnicc  inverts  cane  sugar,  digests  proleid.  gelatin  and  gelalin- 
rorming  suhftanees,  coagulates  milk  and  split:?  emulsifiL-d  fats  into  fatty  acid 
anil  glycerin. 

Tlie  inversion  of  cane  i*Hgar  i«  aocompliffhcd  hy  the  acid,  the  digestion 
of  proteid.  etc.,  by  pepsin,  the  coagulation  of  milk  hy  rrnuin,  the  cleavage 
of  emulsified  fats  prohably  by  a  third  enzyme,  the  gastric  steapt'in.  We  have 
now  to  gtudy  more  closely  the  acid  and  these  enzymes  o(  the  gat^tric  juice. 


A.   THE  ACID  OF  THE  GASTRIC  JUICE 

Proof  vm  given  by  I'rout  as  early  as  1844  that  the  acid  reaction  of 
the  gastric  juice  is  due  to  free  HCI  ' ;  but  it  wac  not  inctmteslably  lytablislxil 
until  C  Schmidt  { 18S2)  hy  his  convincing  analyses  showed  that  more  chlorine 
ift  setTi-trted  by  the  mucous  membritne  of  the  stomach  than  can  unite  with  all 
the  inorganic  base.*,  inrludtug  amiiioniii,  jire«:at  in  the  gastric  juice. 

The  percentage  of  HCI  in  the  gastric  juice  is  verj-  different  in  different 
animals.  In  the  dog  it  amountf^  to  0.4G-0.S8  per  cent:  and  in  the  ca.<4e  of 
a  iMy  with  a  complete  (esophageal  stricture  and  a  stomach  fii^tiilu,  it  was  found 
to  be  (I.3JI-0.57  per  cent.  In  other  fistulous  patients  0.06-0.3  per  cent  has 
been  obwrved. 

When  proteids  are  taken  into  the  stomach,  the  HCI  nnitcs  with  them, 
and  later  with  the  products  of  their  digestion  (SjiMjuii^t).  On  this  arc<uint 
and  Iwcause  the  HCI  reacts  with  the  phosphates  of  the  food  with  liberation 
of  phosphoric  actd,  great  difficulty  is  experienced  in  detcrminiig  the  quantity 
of  HCI  in  the  stomach  contents,  and  in  following  its  quantitative  varia- 
tinns.  Xevertheless,  the  mucous  membrane  .secretes  more  acid  than  is  nccea- 
aary  to  combine  with  the  pn)teid,  coiim-quently  free  acid  can  always  be  demon- 
alralnl,  at  least  in  certain  RtagCH  of  digestion. 

The  HCI  combined  with  proteids  scejns  to  invnre  their  digention;  the 
conception  that  only  free  acid  could  be  of  importance  is  therefore  not  sound. 

'  Lsrlic  acid  found  in  the  stomach  is  probably  fomwd  by  bsctcrial  decotnpontion  of 
earttobjndrKtc*. 
17 
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B.    PEPSIN 


After  Spallanzani  (about  1780)  had  shown  that  the  gastric  juice  can 
produce  chemical  changee  outside  the  body,  Eberle  (1834)  was  the  first  to 
demonstrate  the  same  effects  with  extracts  of  the  gastric  mucosa,  and  Schwann 
(1836)  pointed  out  that  a  substance  formed  in  the  mucosa,  which  he  named 
pepsin,  is  involved  in  this  action. 

Under  this  name  is  described  the  enzyme  which  acts  in  acid  medium  upon 
proteid,  gelatin  and  connective  tissues,  causing  them  to  absorb  water  and  to 
split  into  simpler  compounds.  Pepsin  has  no  effect  in  neutral  solution,  and 
is  destroyed  in  soda  solution. 

From  pure  gastric  juice  of  the  dog,  Nencki  and  Sieber,  also  Pekelharing, 
have  prepared  by  dialysis  a  very  pure  pepsin.  This  is  a  proteid  body,  con- 
taining 51-52  per  cent  C,  6.7-7.1  per  cent  H,  14.4  per  cent  N,  1.5-1.6  per 
cent  S,  and  0.5  per  cent  CI.  and  some  Fe.  On  cleavage  it  yields  a  pentose, 
purin  bases,  and  an  acid  (pepsinic  acid,  50.8  per  cent  C,  7.0  per  cent  H,  14.4 
per  cent  N,  1.1  per  cent  S).  Since  in  a  strongly  active  preparation  no  trace 
of  phosphorus  could  be  demonstrated,  pepsin  cannot  be  numbered  among  the 
nucleoproteids.  On  the  other  hand,  it  is  possible  that  it  unites  with  lecithin 
to  form  a  compound  analogous  to  jecorin  (page  79). 

Pepsin  occurs  in  the  mucous  membrane  only  in  the  preliminary  form  oi 
its  zymogen,  pepsinogen.  We  have  seen  that  pepsin  is  destroyed  by  soda. 
If  however  the  mucous  membrane  be  extracted  with  a  weak  soda  solution 
and  the  extract  be  then  acidified  with  HCl,  a  pepsin-containing  fluid  of  good 
digestive  properties  is  obtained  (Langley).  Therefore  there  must  be  in  the 
mucosa  a  substance  which  is  not  destroyed  by  soda,  and  which  is  transformed 
into  pepsin  by  treatment  with  acids. 

In  artificial  digestion  the  quantitative  results  depend  upon  the  following 
factors:  temperature;  the  amount  of  pepsin;  the  amount  and  the  kind  of  acid; 
the  kind  and  the  amount  of  proteid ;  the  presence  of  the  products  of  digestion ; 
and  the  presence  of  certain  inorganic  salts. 

The  quantity  of  enzyme  necessary  to  produce  a  very  powerful  digestive 
action  is  very  small.  Thus  in  a  certain  artificial  gastric  juice  of  very  excellent 
digestive  power,  there  was  found  for  example  only  0.067  per  cent  of  nonvolatile 
organic  matter. 

If,  however,  the  quantity  of  HCl  and  of  proteid  remaining  the  same,  the 
quantity  of  pepsin  be  increased,  the  rate  of  digestion  is  increased,  so  that  up  to 
a  certain  limit  the  action  is  proportional  to  the  square  root  of  the  concentration 
of  the  enzyme  (Schiitz).  The  same  law  holds  also  for  the  enzymes  contained  in 
the  pancreatic' secretion  (Waither). 

The  acidity  of  the  digest  is  a  matter  of  particular  importance.  We  find; 
(1)  that  the  optimum  acidity  is  very  different  for  different  proteids;  (2)  thai 
too  much  or  too  little  acid  stops  ail  digestive  action.  The  most  powerful  action 
on  fibrin,  for  example,  is  said  to  be  obtained  with  an  aeidit.y  of  0.09  per  ceni 
HCl;  at  0,13  per  cent  and  0.02  per  cent  the  action  is  ver:i'  feeble.  Rut  on  coagu- 
lated white  of  egg  the  best  effect  is  obtained  with  0.16-0.25  per  cent  HCl. 

In  the  transformation  of  proteid  under  the  influence  of  pepsin  a  nuntbei 
of  difTorent  substances  arise  by  cleavage,  tlie  composition  of  which  becomes 
simpler  and  simpler  the  farther  the  cleavage  progresses. 
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These  substances  inav  t*  separaltMl  one  from  another  hy  fractional  pre- 
cipitation willi  aniiiioniiim  Hulphate.  TKow  pnt-ipitaltfi  hy  a  degree  of  saliini- 
tion  of  twenlj*-fi»iir  to  forly-lwo  jHircenl  are  t-aik-U  primary  albvuiosrs  (hetero- 
albumose,  prvlvalbutiKtff).  Tho(*e  precipitated  by  stmnger  concnutralion  of 
the  sulphate  are  desijtfnntud  deuleroaihumoses.  ThiDio  easily  diffuMhle  prod- 
ucte  not  precipitateii  by  thi'  salt,  but  still  giving  the  biuret  reactiou,  are  knnwu 
as  peptottfu.  After  acidification  of  the  solution  the  pvplunu^.  in  an  im|>ure 
rondition.  can  In?  w^parated  from  othnr  end  products  by  pTwipitalion  with 
picric  acid. 

We  havti  then  from  peptic  cleava^fe  of  proteid  (besides  acid  albuminate) 
first,  two  primnnj  nUiumomes  (hetero-  and  pi-oloalhunioiii.-),  and  then  dfuUro- 
albumost  (i'irlt,  Zunz).  Priuianr'  albuinosc?  show  a  higher  percentage  of 
C  ami  X  and  a  lower  percentage  of  0  than  the  original  proteid  <e.g.,  in 
fibrin,  there  are  Sa.T  [kt  cent  C.  Ifi.fl  jmt  cent  X,  1,1  jier  tviit  H.  ami  22,5  |)er 
cent  (),  while  in  the  primary  albunioses  derived  from  it  we  find  55.-1  per  cent 
C,  IT.H  per  cent  N,  1.2  per  cent  S,  and  iy.I-lS.7  per  cent  (>).  ITftoroalha- 
mase  from  fibrin  containn  thirty-nine  (ht  cent  of  the  total  nitrogen  in  hai^ir 
form  and  fifty-seven  per  cent  as  nionoamino  acids,  while  the  corresponding 
numbers  for  protnalbumo.^e  arc  twctity-fivc  and  sixty-eight  pt-r  cent  respec- 
tively. Ileteroalbumo.^e  contains  only  a  small  (pituilily  of  the  aromatic  groups 
which  yield  tyronin  iinil  iiidol,  Imt  it  is  rieb  in  thos»>  ^rmips  whirh  yield  leucin 
and  glyoni'oll.  Pnitoalliuniiitie.  oci  ihe  other  hntid.  yieidh  uhiinilauce  of  tyrosin, 
indol  and  skatoj,  but  only  a  little  U-ucin  and  no  glYCiK.t)ll. 

The  third  dir^-cl  product  of  digestion  is  a  rletiifrotilhumose  {tynaJhumnite) 
which  is  characterized  cliiefiv  by  the  fact  thnt  it  contains  a  carbohydrate  group, 
whenever  such  a  group  occurs  in  tbc  parent  protcid  molecule.  Its  <|uaulitn- 
tive  cnmpoiiilion  differs  materially  frnni  that  of  the  primary  albiimojies;  thus 
4H.T  p(!r  cent  C,  1.3.8  [kt  cent  X.  30.5  per  cent  S  +  O. 

On  further  cleavape  with  pepsin,  primary  albuniO'tes  yiehl  jtc(:wri<fciry  albu- 
^mosfs  which  appear  to  be  very  numOTou-'L  Among  them  thioaUmmoxe  should 
be  especially  mentioned  on  account  of  ils  high  cwntent  of  8  (three  per  cent). 

rienteroalhumo^cs  arc  transformed  into  peptonrs,  the  itiolecular  weight 
of  which  is  relatively  amall — only  about  500  hy  tbc  depntK>ioa  of  the  freezing 
point,  vbereatt  the  molecular  weight  of  deuteroalbumoae  is  about  3,?00. 

According  to  Kiihne,  peptic  cleavaffe  of  proteid  rould  proceed  only  an  far 
as  the  fonnation  nf  prptonct*.  Liner  it  was  found  thai  from  the  brffinninR  of 
the  cleaviigc,  Hubstsiieea  sep»ratc  off  which  no  longer  give  tlie  biuret  reaction. 
Amons  these  an^  L-ertain  iiiU-miediiiry  subxtuiit^v^v,  llie  prpioxiU,  comjiarabU*  in 
their  structure  to  the  peptones,  from  which  after  loiu;-i.;i)nlinued  di(restion  the  end 
products  finally  appear.  Pmbably  all  of  ihf  kydrolptie  cleavage  produda  (cf. 
page  72)  belong  here,  for  already-  the  followiniBr  have  been  demonstrated  in  such 
digestive  mixture*:  leucin.  luiparatic  acid,  cadaverin,  putrcitciti,  glutamic  acid, 
tjrosin.  amino- valerianic  acid,  dihcxosamin.  I.vsia,  penta-melbybondiamiu.  phe* 
nybilanin.  cyatin.  a-pyrrolidiii-carboxylic  aeid.  tryptophan  (Pfaundler.  Ijiwrow, 
Langstcin,  Satatikin,  Fischer,  and  Abderbaldcn). 

The  relative  proportion  of  primary  digestive  prwlucls  nhtaiiied  fp* 
fereut  kinds  of  proteids  is  very  dltlcreut.    The  kind  of  albux»' 
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liktiwise  Tcry  different,  lliougli  they  arc  all  iacLuded  xinder  tlie  coninion  nai 
proteoses.     The  glii tin- forming  substances  are  chauged  by  gastric  juice  int 
gelatin,  and  this  into  gelatin  peptones. 


also 


The  Kami'  dcrompofijtions  which  proloids  suffer  in  iliRCfition  they  exhibit 
whfn  tro»li-il  wilh  nt'id«  vr  jilkalicft  or  siipcrlwnliHi  slcnm,  mid  wlirn  they  fall 
under  tilt'  influfnce  of  putrefactive  Bacteria.  Iti  fat-t,  w^k  salt  Miluliniis  have 
a  diKcMive  acltoti  uri  protfijs  (Diisti-e).  The  action  of  the  enzymes  is  not  to 
bf  rcgnrih'd.  ihcTcforc,  ns  particulurly  pxceptJmiHl. 

Lots  of  the  power  of  confnitntion  on  the  part  nf  thf  blood  and  other  harmfnl 
effects  which  have  Innc:  been  known  to  follow  itilniTcnous  injection  nf  nlIuimos*cs 
hfivc  !«tfly  litt-n  nttributcd  tn  uther  itiib*«liiTicf» — e.g..  pp/ifoiwmp*— mix*^!  with 
them  (Pick  und  Spiro).  PeptQzymeii.  sctinR  mainly  in  the  liver,  cause  ihu 
productiun  ol  a  subatauw?  which  pa-venla  coagulation  (Contcjean,  Glcy). 


C.    REHHIH 


J 


It  bae  long  been  knoT\Ti  that  milk  coagulates  by  procipitntion  of  its  cftseta 
when  it  cnnn^  in  cnntacl.  with  the  iriucous  meuibrnne  ilwdf.  or  U  mixed 
with  au  fxHract  of  the  membrane.  Since  acids  produce  (lie  !>aiiie  effect  it  was 
supposed  that  this  precipitation  was  due  to  the  aciil  reaction  of  the  mucosa. 
But  the  invet^tigatiD^g  nf  Sehni  and  Ileinz.  and  es|K'ciullY  those  nf  Hain't^ 
marsten  [IS72)  and  of  .\]cx.  8chriidt  showed  that  coagulation  takes  placd^ 
in  a  neutral  or  alkaline  ivnction.  that  the  acid  U,  tlicn'furi',  (juiti'  snpcrHunu.^, 
and  finally  that  coagulation  (il  itillk  is  effected  hy  a  npycial  unzyiuu  callud^ 
rennin  or  cht/mogin. 

liennin  occurs  in  the  mucoiiB  membrane  ns  a  precursor,  rennin-zymnget 
which  like  pepsinogen  is  more  resistant  lo  alkalies  than  iU  enzvtne.  can 
extracted  from  the  mncosa  with  water,  and  i;*  transformed  into  the  actii 
enzyme  by  addilimi  of  acids.    Iii  Wa  action  remiin  rorieinhhw  the  other  digestive^ 
enzyme*.    One  part  of  the  impure  enzyme  can  coagulate  400,000  to  800,000 
parts  of  casein.  ^m 

in  the  coagulation  of  milk  produced  hy  ronnin,  caitein  firfit  siifTers  clcaTAf^oH 
into  paracasein,  and  whey  proteid.  a  liubstance  rewmhling  alhutnow?;  the  for- 
mer, which  is  (he  chief  prmluct,  then  precipitates  out  in  solid  fonn,  provided 
Ca  salts  are  prettent  in  the  solution.     If  Ca  salts  are  absent,  cleavage  occura 
under  the  influence  of  rennin,  hut  no  coagulation. 


led 
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Af(er  Marcet,  Cash  and  Ogata  had  demonstrated  the  decomposition  of 
tral  fat  in  the  stomach.  Vnlhanl  made  further  invpstigationa  nn  the  subject 
and  established  this  property  of  gastric  juice  beyond  doubt^ — with  the  limita- 
tion, however,  that  it  acts  only  on  emulsified  fal^,  but  nn  these  verv  powerfully. 

The  rule  holds  for  stomach  sleapsin,  as  for  other  enz>ines.  that  its  action 
is  proportional  to  the  square  root  of  concentration.    It  is  quickly  destroyed  ia 
a  strongly  ncid  gasti4c  juice.     The  pure  pppsin  of  PpVelharing  has 
splitting  action,  a  fact  vhich  £peaku  decisively  for  the  inde|>endence 
gastric  steapsiu. 
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§4.    PANCREATIC   JUICE 

Pancreatic  juice  presents  ilifTureul  prupcrtiet*  accnrding  as  it  is  obtained 
from  n  liiiifi-fsinblishttl  fistula  or  a  rt-'conl  oho  i\m^v  2V.i).  In  tht?  l&t\or  case 
it  i*  viscid  nr  a!m()fit  mpy.  unci  jit  a  low  teiiipcraliiri'  poASiw  over  intn  ii  1ran«- 
parenl  jelly  fmtii  wliiuli  a  lliiii  fluid  (^cijarntc-ti  out.  At  0*  C.  tiicre  is*  fftrintsl 
sgi'latinnus  flot'culent  precipitate,  readily  noluble  in  [iilute  acida.  UndiT 
fionie  rircuiiisiiinco!*  the  swwtion  is  so  rich  in  proteid  that  the  whole  fluid 
[■oagiitaUv  u'lii-ti  lKriit«-il.  The  K-crciifiii  rmni  a  gtcniiancnt  fistula  is  thinner 
and  wntalni*  a  tinialler  quantity  of  soluU. 

Acconlinjf  to  Pawlow  the  latter  is  to  be  regardeil  as  the  normal  «ecretion. 
In  his  nxperieiiw  the  Ihii-k.  wirupy  j^n-relion  is  due  to  the  effects  of  the  opera- 
tion  on  Ihh  umv>iiiiiii'itily  Fienititi^e  ^land. 

The  (|uanlitv  of  ])aiu'reiilic  juice  secreted  daily  i»  no  more  to  \w  estimated 
with  exaetnpAt  than  ii^  the  quantity  of  gastric  juice.  In  eases  of  pancreatic 
fistula  in  man  a  d«ily  oecretion  of  frnin  '2'X\  to  K40  e.c,  with  an  average  of 
wimi'thiiig  nior<'  than  -H>0  v.r..  han  Invn  obwrvi-d, 

t'uneruatie  juice  h  alwuvei  alkaline  in  reaction  and  often  containi:  an 
abundance  of  proteid  as  the  following  analy:<e8  show: 


DoctZKwkdakjt. 


lUa  <QlM«wiHT. 


Dry  rvsiilue  ....  . , 
Orj^nii'  All  bounce 

Piouid 

Aah , 


IS.IWpcrcellL 
IS.W       ■• 

0.21 

0.84       - 


1.2S-I.27MrcenL 

O.MMI.'H        " 
O.Ll-U.l? 
0.87-0.70       ■ 


Kudmvetaky  haa  found  that  the  alkalinity  ae  determined  hy  the  quantity  of 
UCI  in  g.  neccanary  to  ntutroliM  100  e.c.  of  dug*«  pancreatic  juiec  in  0.05-0.89. 

Iljt  most  iniptirtant  constituetilfi  an;  the  enxyniee:  two  or  thn^e  amylolytic. 
nna  prolvoiytie  and  one  li|M*lytic.  Probably  all  of  thwe  occur  in  tlio  gland 
a.s  zymogens.  That  they  are  aetually  diffcn-nl  fnRvmt'!*  prohaWy  follow*  from 
the  fact  that  the  auiytolylic.  proteolytie  and  lipolytic  elTecl»;  either  of  the 
wcretioD  or  of  the  pancreatic  extract  do  not  keep  pac«  one  with  another. 


A.   THE  AMYLOLYTIC  ENZYMES 

Valentin  (lft4-l).  also  Rnnilmrdal  and  Sandrai*  (1'**'')  f<i'ind  that  pan- 
CTcntic  wvri'tion  trausiforms  starch  inio  f*ugnr.  The  wry  .'*ame  cleavages  appear 
in  thi*  aji  in  the  action  of  ptyalin  on  starch,  Bo-'sides.  pancrwvtic  juioo  containa 
an  enzyme  {mallase)  which  changes  mallow^  to  dextrow  (liohmann)  and 
according  to  Weinland,  another  (laclase)  which  splits  milk  sugar  into  dex- 
trose and  galactose. 

(iUi>«sncr  WHS  unable  tn  dcmonntrnte  any  action  of  human  pancreatic  jnioe 
on  cnnc  .'^URor.  mallow  nr  milk  sugar. 

The  action  "f  the  nioylotytic  enzyme  19  favored  by  small  qtuintities  of  hyd 
chloric  acid  and  of  bile  (Rachford). 
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B.   THE  PROTEOLYTIC  EKZYKE,  TRYPSIK, 

is  distinguished  from  pepsin  mainly  by  the  fact  that  it  digests  proteida  in 
an  alkaline  medium.  Purkinje  and  Pappenheim  as  early  as  1836,  and  CI. 
Bernard  later  alluded  to  the  proteolytic  action  of  the  pancreatic  juice,  but 
Corvisart  (1857)  must  be  looked  upon  as  its  real  discoverer.  Later  Kiihne, 
especially,  did  large  service  for  our  knowledge  of  this  enzyme. 

Trypsin  as  such  does  not  occur  in  the  pancreas,  but  instead  a  zymogen, 
which,  like  those  of  the  other  enzymes,  is  more  resistant  toward  all  kinds 
of  injurious  agents  than  the  enzyme  itself.  But  even  the  secreted  juice  does 
not  contain  any  trypsin  and  is  entirely  without  effect  on  proteid,  if  it  is  not 
first  activated  by  an  enzyme,  called  enteroJcinase  (Pawlow),  found  in  the 
intestinal  juice.  The  formation  of  trypsin  from  its  zymogen  presupposes 
therefore  the  presence  of  this  special  enzyme,  and  according  to  Delezenne, 
Popielski,  Bayliss  and  Starling,  there  is  no  other  means  of  bringing  about 
this  change.  (The  unactivated  secretion,  nevertheless,  will  digest  boiled 
fibrin  and  casein,  though  very  slowly.) 

Opposed  to  these  observations  however  are  others  according  to  which  a 
powerfully  active  extract  is  obtained,  if,  for  example,  the  gland  be  allowed  to 
lie  twenty-four  hours  before  extraction.  Hekma  is  of  the  opinion  that  this  is 
a  case  of  bacterial  action,  since  with  antiseptic  fluids  no  formation  of  trypsin 
could  be  observed. 

According  to  Schi£F  and  Herzen,  the  spleen  may  have  much  to  do  with  the 
formation  of  trypsin,  since  addition  of  splenic  infusion  or  of  splenic  venous 
blood  activates  the  pancreatic  extract.  This  in  Ilerzcn's  opinion  is  due  to  an 
internal  secretion  of  the  spleen. 

The  cleavage  of  proteids  by  trypsin  goes  on  in  the  same  way  as  that  pro- 
duced by  pepsin,  saving  only  that  the  end  products  are  formed  in  less  time 
in  tryptic  than  in  peptic  digestion.  However,  hydrolytic  cleavage  of  proteid 
may  be  carried  further,  if  peptic  digestion  precedes  the  tryptic  digestion 
(Giirher).  Siegfried  finds  two  peptones  (CioH^NsOb.  Ci,H,hN30b,  molecular 
weights,  259  and  273  respectively),  and  Fischer  and  Abderhnldon  find  a  more 
complex  residue  containing  all  the  raonamino  acids,  which  stubbornly  resist 
further  cleavage  with  trypsin. 

Trypsin  also  dissolves  gelatin,  elastic  substance  and  structureless  membranes; 
likewise  the  gelatin-forming  tissues,  if  they  first  be  treated  with  acids  or  warmed 
to  90°  C.  Bokai  states  that  trypsin  does  not  act  upon  the  nucleins;  but  after 
aufodigeation  of  the  pancreas,  Kutscher  found  xaiithin,  hypoxunthin,  and  guanin 
— ^just  the  cleavage  products  of  nucleic  acids.  Blood  serum  and  serum  globulin 
are  not  attacked  by  trypsin,  although  both  are  digested  without  difficulty  by 
gastric  juice. 

The  pancreatic  juice  of  many  mammals  (human  pancreatic  juice  uncertain) 
also  coagulates  milk,  and  according  to  Vernon  the  action  is  duo  to  a  special 
enzj'me.  Instead  of  paracasein,  however,  the  clot  contains  a  siibstnncc  known 
as  metacasein,  which  may  represent  a  product  of  tryptic  digestion  of  casein 
(Roberta). 


C.  LIPOLYTIC  EHZYME.  STEAPSW 

In  184r>  CI.  Bernanll  otiservtHl  that  in  tin-  ilo^'  fal  siitltTwl  dij^tirc  chnnges 
imnifdiaU'ly  after  il*;  i*n1raji(!e  into  the  duodenum,  when^ai^  in  the  rabliit  it 
tuok  place  sittiK'wIiat  furtlicr  fniiu  the  pyloru)>.  The  c-ausi.-  of  this  dilTereuce 
\xv  found  ti>  Ijv  llii'  faet  that  in  the  do^  tlie  chiof  paticroatic  duct  opens  into 
th<>  inte-stine  in  common  with  tlic  dut-lut<  ehoUHlix'huH  (|iiitt>  chyav  to  the  pvtonis, 
while  in  the  rabhil  it  opens  some  ^0-35  cm.  farthL-r  d'»wn.  [t  f^illows  ihat  the 
pancreatic  .-iocrction  must  have  a  detcnuiniiij;  inllnenec  u]kiii  i\w  digestion 
of  fat.  t'urther  rt't^airi-heti  Itave  ttbon'D  that  this  elTcct  cousixts  in  a  cleavage  of 
the  fal  into  jjlyeerin  unci  free  fatty  aeid.  We  lihalt  di&cuM  the  importance  of 
thi*  cluavagc  more  (uUy  in  our  istudy  of  digestion  in  ihu  iut4a>tiiie. 


g5.    BILE 

ITumnn  hile  as  il  flown  fn»m  the  liver  i»  a  heauliful  rwldish-yellow  or 
ycllowi«li-brown,  or  grLt-n.  alkaline  fluid,  whieh  on  standing  for  some  time 
in  contact  with  the  air  B£«umei«  a  j^vn  or  gTceuitsh>yeliow  color.  It  cootaiDa 
a  not  insif^nificant  amount  of  niucii).  and  the  (juanlity  of  !<olid>i  amountii  to 
1.5— t  |ier  cent  or  nwn\  of  which  (i.T-O.S  \)cr  cnnt  in  iMinnral. 

The  daily  outjiut  uf  bile,  taken  from  men  with  bUiary  fi»tulu«,  has  beea 
found  to  vary  from  Suo  to  I,l(JO  c.c. 

During  the  intervals  of  digestion  the  bile  docs  not  How  into  the  intcs- 
tinft,  but  coHerls  in  the  gall  bladder,  where  by  absorption  of  its  water  and 
mixlure  with  hltulder  mut-us,  it  becomes  more  concent rat*'<J,  so  that  its  ron- 
tent  in  solids  may  ri»c  Ki.\tcen  or  seventeen  per  cent  higher.  The  sjiecific 
gravity  of  bilo  is  1.0I-I.04. 

The  most  important  conetiluents  are  mucin,  the  bile  acids,  and  hile  pig* 
menty.  Tlie  bile  arids  never  occur  free,  hut  alwavi*  as  salts  of  the  alkalies. 
They  ore  cntiiponnds  of  glycocoll  and  taurin  (amino-ethyl-sulphnnic  acid: 
NH'j.('jH,.H<>5(HI)  with  eiiolie  acid.  (;iy<-<K-hiilie  ticid  (C^H^.XO,)  and 
taumchnlie  acid  (t-.,ll.,NS<),)  otx-ur  in  different  bile»  in  relatively  different 
quantities.    In  man  the  former  is  ulwavs  present  in  greater  quantity.    Bceidoa 

{CHOII 
(('H,OII)„  two  otiicr  acids, 
CIIOH 
cfaoleic  acid  (C„U«„0.).  and  fcllic  acid  (C„U,„0,)  have  been  demonstrated 
in  human  bile.     Numerous  derivativea  can  1*  obtained  from  the  hile  acids. 

The  bUe  jnymenta  are  ver)-  numerous  and  they  can  be  changed  by  various 
means  into  still  others,  Under  physiological  conditions  we  have,  properly 
speaking,  only  two  auch  pigments — the  reddiBh-yellow,  bUiruhin.  and  the 
green,  bitivcrdin.  The  former,  which  is  easily  crystallized  in  rhombic  tuhtets, 
is  to  be  regarded  as  the  mother-iiubstancc  of  biliverdin  and  all  other  bile 
pigments. 

Hilimbin  has  the  formula  f',.TI,.N,0,  (Mnb*)-  Tt  is  transformed  by  oxida- 
tion into  biliverdin  C«H|,N,0,.  aiid  I'lVf  rtrsa  the  Utter  euii  ptttw  by  reduction 
into  hilinibtii  iitn^in.  Hitifirtmin,  Hf-conlin^  tn  l>a]«tn-  sinl  I'lon-sro.  is  ta  be 
regarded  as  an  intermediate  stage  between  the  two.     Bilirubin,  acted  upon  hj 
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nnsrent  hydrogen,  is  redut'^od  to  kj/drobilinibin  C„H^,0,  which  also  occure  at 
tiinuB  ill  liie  human  bile.  Sinre  bilirubin  and  bilivcrdin  nrp  commonly  present 
tofcetber  in  lUe  bile,  the  color  of  the  lluid  is  somewhere  bolwccu  red  and  green, 
and  varies  toward  one  «r  tlie  otlier  according  aa  one  piffment  or  the  other  pro- 
dominatiiS. 

The  bile  contains  alao  mucin,  cholestcrin,  jccorin,  lecithin,  neutral  fats  and 
Boape,  ethereal  »ul|ili\m(f  aoid><,  [Miired  Rlycuronte  acid».  cholin,  glyeerin-phos- 
phoric  acid  (both  the  lalCer,  dfcomposition  product-s  oi  lecithin),  and  various 
mineral  eonstilueulK,  Uttmc-l,v:  tin:  alkalies  in  eunibiuutiun  with  the  bile  acidn, 
aodiuin  chloride,  potaHsiiim  rhloride,  caieiiim  and  magnesium  pboHphat«  nntl 
iron.  Sulphateit  occur,  if  at  oil,  in  very  rtmall  (juaiitiTie^.  A  diastatic  and  a 
£brin-9plitlinK  ferment  have  been  demonstrated  in  the  bile  of  certain  animaU; 
i>ut  it  is  not  quite  ceiiniii  tliat  they  are  fiirmed  in  the  liver,  for  thvy  might  rep- 
reaent  enzymes  only  reabsorbed  into  the  bile. 

The  following  .^iiiinniary  of  analytical  results  with  regard  to  the  quantita* 
live  composition  of  bile  may  be  givea; 
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Water 

Solids 

Miidn  aiul  iif ifincnta 

AlktLlinu  .<uilU  ui  Lbe  bile  acids  . 

TaiiruclioUte 

Olfcooholatc 

Katty  scids  dcricod  from  soa^ia. 

Olialustoria 

Iiceilhin 

Put 

Soluble  nlu 

Inaohible  salta 
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BbMl4ir  bile. 


«S.3  -Sfl.SiNtroBiit. 

10.3  -17.7  " 

1.3-2.3  ■■ 
a.O  -  6.S 

0.9  -  l.B  " 

S.i  -  4.9  '■ 

l.B  -  O.H  " 

0.3  -  0.4  " 

1.3  -  0.4  " 


LlTcr  bilB. 


.5  -iw.e 

.S    -  3.5 
.)     -0.5 
.2    -  1.8 
M  -0.3 
.3    -  1.8 
.02  -  O.U 
.05  -  0.18 
.IKJS-  0.18 
.01  -  O.IO 
.7    -  0.9 
.OS  -  0.05 


per  cent. 


The  chief  inxportancft  of  hilc  in  digention  appears  to  he  that,  in  virtue 
of  its  bile  salts  it  hati  live  power  to  dissolve  the  free  fatty  auiU  and  to  increase 
the  Dolubilily  of  soaps;  but  more  on  this  under  the  subject  of  abciorptiou  from 
the  inteatine. 

Proof  that  the  bile  pi^menta  are  formed  for  the  mri.'<t  part  in  the  livep  is 
found  in  the  fact  that  when  this  <jr)j:aii  ie  extirputed  from  birds,  or  when  all 
the  blood  vessels  of  the  liver  and  the  bile  ducta  are  ItRBted,  not  a  trace  of  bile 
pigments  can  bt-  dimonfitratcd  anywhere  in  the  animal. 

The  bile  pijnnents  arc  univtr»ally  reffardt'd  as  dtrivatives  of  haemoglobin. 
The  following  facts  among  nthers  Hpettk  for  thiK  view.  A  pigmi^nt  ealh-d  h^mo- 
toidin  found  in  old  blood  stalntt  is  closely  related  to  bilirubin  and  pn_>bably  le 
idenlioal  with  it.  lltcmatinic  acid,  O.H.NO,.  which  is  the  first  oxidation  product 
of  heemaHn  when  oxidation  takrH  place  at;  the  lowest  pnasibte  temperature,  appears 
to  be  identical  with  hiUverflinic  acid,  an  oxidation  product  of  bilirubin  (Ktta- 
ter). — When  dissolved  Iwrnoifftobin  is  injected  into  the  blood,  or  when  snbstanoe* 
which  liberate  hu.'DK>globin  from  the  eurpuselcM  are  taken  intit  the  body,  tbe  quan- 
tily  of  plKmente  cxcreled  in  the  bile  inrreases  malerially. 

Since  it  has  been  shown  in  these  and  other  rcf^eii rehes  that  the  Bocretion  of 
bile  pigments  never  runs  parallel  to  that  of  the  bile  acids,  it  follows  that  these 
two  chief  conatihients  arc  not  derivatives  of  the  same  substance. 


§6.  nrxESTinAL  juice 

The  intestinal  juice  of  man  is  &  tliin.  climr,  nlknline  fluid  containfng 
epithulial  ctJU,  liacleria  auU  fut  L-r^istals,  wliich  efft'n-eBtws  on  aJtIitioii  of 
acids.  Frwfd  of  wlid  Ijodivfi  by  myaus  of  the  coHtrifuge,  it  contains  imm  0.2 
III  11.5  per  cent  NfljCO,,  0.2-U.()  per  cent  C.\,  nnd  about  1. 1  jiwr  cv.nx  «lrv  n-siiliic. 
Its  specitic  gravity  is  id  the  neighhorhood  of  1.U07  (Hamburger  and  llckiiia). 

Jnt>.>7ttinal  juice  actn  but  feebly  on  starch.  It  inverts  eanc  »u^r,  splits 
maltose,  atiiJ,  in  young  animals  at  ]ca^t,  also  milk  ^u;rar.  According  to  Hoh- 
maun  and  Nagano,  the  action  of  secreted  intestinal  juice  on  cane  sugar  and 
mall  sugar  is  much  less  than  that  of  the  inti^stinal  mucowi:  it  might  be 
thurefore  thai  the  cleavage  of  tUvHi  sugant  takct-  place  in  the  muccKa  itself^ 
or  that  mere  contact  with  the  surface  of  the  raucous  membrane  i«  i<>ufliciont 
for  this  purpose. 

Emuisitu'd  fats  appear  to  be  attacked  to  some  extent  by  the  intestinal  juice. 

The  native  proteids,  with  the  exception  of  c-anein  and  fibrin,  are  not 
digested  by  the  intestinal  juice.  On  ihe  other  hand,  an  extract  of  the  intes- 
tinal mucoi^u  in  weakly  aJkuliue  ur  ueutral  reaction  itpUttt  alhumo^^f^  nnd  ]>ep- 
tone!  into  simpler  compounds:  XII,,  leucin,  tyrosln,  Ivriln.  arginin.  hintidin, 
etc.  (Cohnheim).  This  action  is  heightened  by  wanning  the  solution,  and 
it  ift  rogajdod  therefore  as  the  effect  of  a  special  enzyme  called  erfpsin.  The 
normal  WTretion  (man,  dog)  has  Ihe  same  effect,  only  to  a  lesn  ei;tenl,  from 
which  we  may  perlnips  conclude  that  IIilk  cleavage  of  the  primary  products 
of  digestion  really  takes  place  in  the  mucous  membrane. 

The  nucleic  acids  are  not  decomposed  by  trypsin ;  but  wheu  they  are 
exposed  to  the  action  of  ercpsin  they  are  i>plit  into  phosphoric  acid  and  the 
purin  lMij*e«.  This  fact  .speaks  very  strongly  for  the  specific  nature  of  erepsin 
(Xakoyania). 

Pnwlftw  has  discovered  a  new  enzyme  in  the  intestinal  juice  which  he  calU 
interukintitir.,  and  which,  as  mcntiom-d  on  page  252.  transforms  the  raw  mother- 
substance  of  trypsin  in  the  pancreatic  jiiieo  into  the  active  enzj'me.  We  know- 
that  ihii*  is  nol  identical  with  ercp<in  from  the  fact  that  (in  the  human  intes- 
tinal juice)  the  latter  ip  deslrovwl  by  a  tempemture  of  69°  C.j  whereas  the 
entorokinase  ie  not  destroyed  below  67°  C. 

Oachet  and  Pnebon.  us  well  ns  GIne«»ner.  tiKsert  that  Ihe  RlntuU  of  Brunner, 
which  have  an  entirely  different  Btructure  from  that  of  Ihv  irionds  uf  Liebvrkuhn, 
secrete  n  pnitcolj'tic  enzyme. 

The  glands  <if  the  large  intestine  produce  \\n  fnz,vmcs,  but  M^;rctc  a  mucua 
which  i»  at  importance  as  a  lubricant  for  ihe  fecal  ma.18. 
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SECOND    SECTION 


SECRETION  OF  THE  DIGESTIVE  FLUIDS 

§  1.    GENERAL   SURVEY 

The  secretory  process  presents  many  points  of  similarity  in  all  digestiye 
glands.  For  this  reason,  it  is  desirable  to  consider  the  process  in  broad  out- 
line before  taking  up  in  detail  the  peculiarities  of  the  individual  glands. 

In  the  year  1851  Ludwig  showed  that  section  of  the  cerebral  nerve  supply 
to  the  salivary  glands  was  followed  by  complete  cessation  of  the  flow  of  saliva 
{submaxillary,  parotid).  For  hours  there  was  not  the  least  trace  of  fluid 
in  the  cannula  which  had  been  inserted  into  the  duct.  As  soon  however  as 
the  cerebral  nerve  was  stimulated,  saliva  gushed  out  of  the  duct.  In  a  thor- 
oughgoing investigation,  which  is  to  be  reported  more  fully  under  §  2,  Ludwig 
demonstrated  that  this  secretion  is  not  a  filtrate  from  the  blood,  but  is  pro- 
duced by  the  specific  activity  of  the  gland  cells  under  the  influence  of  the 
nerves. 

These  discoveries  stood  quite  alone  for  several  decades.  It  is  true  that 
some  observations  were  collecting,  from  which  it  appeared  with  a  certain 
degree  of  probability  that  the  secretion  of  the  gastric  glands  and  of  the  pan- 
creas were  influenced  considerably  by  secretory  nerves  (Heidenhain,  Richet 
et  al.).  But  the  existence  of  such  nerves  was  conclusively  proved  by  Pawlow 
only  a  few  years  ago.  Wc  do  not  know  deflnitely  even  yet  whether  the  other 
digestive  glands,  those  of  Lieberkiihn,  of  Brunner,  and  the  liver,  are  under  the 
influence  of  secretory  nerves  in  the  same  way  as  those  already  mentioned. 

It  would  be  a  matter  of  the  greatest  interest  to  know  exactly  the  anatomical 
connection  between  the  secretory  nerves  and  the  g'land  cells.  The  many  efforts 
of  histologists  in  this  direction  have  not  been  entirely  successful  as  yet,  although 
it  has  been  stated  recently  that  the  nerves  penetrate  the  membrana  propria  of 
the  acini  and  terminate  in  end  organs  lying  in  direct  contact  with  the  secreting 
cells.  The  end  organs  are  said  to  have  either  the  form  of  mulbenylike  clumps 
or  of  small  twigs  beset  with  nodules. 

Under  normal  circumstances  the  secretion  of  those  glands  which  are 
plainly  under  the  control  of  the  central  nervous  system  is  evoked  by  reflex 
action,  set  up  in  many  cases  by  perfectly  definite  chemical  substances  (Paw- 
low)  (cf.  page  !JG4).  These  reflexes  as  a  rule  stand  in  a  verv  close  relation- 
ship with  the  ingestion  of  food,  and  in  general  it  may  he  said  that  in  the 
intervals  of  digestion  when  there  is  no  desire  for  food,  the  digestive  fluids  are 
secreted  only  in  very  small  quantities. 

Bile  forms  an  exception  to  this  rule,  since  even  in  the  fasting  condition  it 
is  produced  and  is  given  off  by  the  liver.  Possibly  this  is  due  to  the  fact  that 
bile  is  not  only  a  digestive  fluid,  but  contains  also  various  substances  which,  so 
far  ns  our  knowledfre  nt  present  goes,  have  no  significance  whalevcr  in  diges- 
tion, iitid  nuisl  b<'  looke<l  upon  as  real  waste  products.  As  such  they  would 
naturally  be  produced  contiimously,  just  as  in  the  case  of  urea  and  the  decom- 
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poeition  products  found  in  llie  cxpiri'it  nir.  Ilnwivfr,  ibc  bilp  paaseB  Into  the 
ilijii^tiTC  CBiial  fills  aiivr  the  intfentiun  of  food;  in  the  imtitintiiiie  il  is  bving 
blontd  ill  tlio  ffuU  btntldcr. 


that  after  long- 


In  IHOH  lli*i(leiihiiin  publishrtl  tlip  important  ohson'iit 
eontinutnl  (iciivily  the  flubiimxillan'  gland  exhibits  r!ior|>hological  changes, 
and  oonii-  yuate  later  he  astiirtaiiu'd  that  the  sumi'  is  Inn.*  nf  Ihc  pamtid  and 
of  thf  fundus  glands  of  the  atomaoh.  Ii);v.ttigatinn  in  this  rlirorirnn  wiu 
extendi><l  hy  several  other  atithors,  and  it  hu::^  Iwcn  provin)  by  their  wiirk  that 
while  the  };land  is  resting — i.e..  i?  not  pourinjt  out  nK'cretionn — a  Hiibjitance 
IK  I)einjr  laid  down  within  it  in  Iho  fnrm  of  smnll  pmniilcis,  whirh  I'l  h  (rn'nt^T 
or  less  extent  disappears  durinf;  the  jiftivity  of  the  jrland.  'I'hic  subslanec 
nniat  be  regarded  as  the  source  of  the  specific  constituents  of  the  glanrlidar 
Becretious, 

Heat  19  gencralwl  by  the  glnnil«  in  the  net  nf  secretinn.  CI.  Bernard 
(lft5(i)  found  Ihe  ti'UippralLtre  nf  the  hepatii-  \>\<km\  constantly  higher  thnii 
that  of  the  jH)rlHl  bloofl.  At  the  lime  »f  active  (JM-retinn  of  bile  the  difri'reticc 
rose  to  O.V-Q.^"  V.  The  following  year  Liidwig  and  Spiess  ol}i>erveil  that 
the  tempiTHtHre  of  the  siilimaxillarv  saliva  may  Im"  more  than  I*  C  higher 
than  that  i»f  the  IiIiwhI  in  the  enrotid  nf  (In-  same  side.  The  inereniie  in  oxygen 
ennsumplinn  and  <>f  crtrlxin-dioxidi-  production  indieate  a  highly  aetive  iin'tah- 
olisra  going  on  iD  a  working  gland;  both  are  three  tji  four  tiincR  as  great  in 
a  Kirnngly  active  condition  of  the  submaxillary  as  in  a  resting  coudttion 
(Barcroft). 

Attcittion  has  already  bwn  directed  to  th?  clcotric  phcnompna  of  fitandfl 
(fK^  4}S).  BayliM  and  Ttrariford  report  thni  on  sliniiilntioii  of  the  «vn.-brnl 
toi7  niTTPH  of  the  dog,  a  strooR  ettrctrie  variation  is  produeed  both  in  the 
submnxitlary  and  in  the  parutid,  siiieo  the  surfoee  of  the  tituiid  beommi^  utiiutivu 
to  the  hilus.  Stinniiation  of  the  ajinpathetic  prodiiewl  an  opposite  variation — 
the  aurfaee  bceoming-  positive  to  the  hilus.  Morf^tver.  ihoy  showed  that  theM 
flectricffll  variationn  ure  not  due  either  to  nltrraliniiA  of  tlw*  hlood  flow  or  to  the 
floir  of  the  secretion  through  the  duct.  On  Ibe  bania  of  these  and  other  nlnwrva- 
liunfl,  the  authors  (Mricludf  that  the  nouutivily  of  the  surface  tiiivnnl  rbe  hilus 
is  the  result  of  a  piissafre  of  fluid  through  ihe  wall  of  the  neini  or  is  ihe  result 
of  ehangp*  in  th<>  gland  e^lls  set  up  by  stimulation,  which  precede  the  pa.<<sn(ce  of 
(he  Hiiitl.  Tlio  posilivily  nf  the  siirfiux-  would  (*  tlie  t-xpreiwion  of  tboac  chnngY^ 
in  the  gland  cells  by  which  tbe  organic  constituents  vf  the  secretion  are  formed. 


g2.    THE   SALIVARY   GLANDS 
A.   SECRETORY  RERVES 

The  salivary  glandn  receive  tbt^r  nerves  bv  two  different  pathways,  nnniely 
the  cerebral  and  the  Kympathelic.  Tlie  former  were  demonstrated  by  Ludui^  as 
uientioned  on  page  SM;  while  the  diseoverj"  that  ihe  sympathetic  can  cause 
•eorctiqn  of  saliva  we  owe  to  Eckhnnl. 

In  the  dog  the  cerebral  nervcf  to  the  submusillar?-  and  sublingual  glands 
proceed  from  the  facial  nerve  through  the  cliortln  tympani  to  the  lingual  branch 
of  Ihe  trigeminal,  antl  finra  this  along  the  ducts  to  thi'  gland.  The  eerebnd  sup- 
ply to  the  parotid  of  the  dog  springs  from  the  glotwopharyngenl  and  rcachcfl  the 
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nil rioulo- temporal  hrancli  of  the  fifth  nerve  through  the  nerve  of  Jarobson,  lh« 
»innll  fiupcrtiriii]  iM-trtvsfll.  itnd  fhi*  otic  ptmjrtion. 

Thu  B.vrntmtln-lic  lilwfs  nin  in  llic  trfrvk-iil  B^-nipiilhelic  taiiik  lo  lh«.'  wupiTior 
uirviL'Jil  eniiulii'ii.  nuci  from  iberc  follow  the  blood  ve&'iels  to  iho  liilu»  af  the 
njipropriiit**  platid. 

(itiiiKlioii  rAU  lire  tnterpitlaied   in  ihp  rourw  nf  thpse  nprves— thoHi-  of  lh« ' 
•ympatbotic  libers  fur  the  subliuifual  and  feubirmxilliiry  bfin(c  hioalcd  in  the  supe- 
rior ccrvifiil  KAiifflioti.     The  KcnKHoii  cp1I«  of  thp  rprehra!  BotTPlnry  fibers  for 
the  mibliii|;uiil  (cliiiid  afp  clistributod  an  smnll  gntifrlin  over  the  cnlire  ^Innd  (to] 
these  bcloiip-  n!sn  llip  fttihliiiRiia]  gniipilinn);  Ihnsp  for   th«  submaxillary  lio  foFJ 
the  most  part  in  tho  hilus  of  ihf  ghiiut  itwlf  (LaiiKley)> 

On  etiraulalioa  the  different  secretory  nerves  give  different  results,  whict 
Tary  with  the  spories  of  animal  experimented  i]pi>n.    We  shall  consider  h< 
only  the  results  uljliiinccl  in  the  (htg. 

Stimiilntixn  of  the*  (-erebriil  fibers  tr>  any  of  the  ^jlanclK  cauj}&>t  nlmnct  imnK 
dintoly  a  copiou.«i  secretion  of  a  fluid  poor  in  solids,  which  mny  continue  for 
hour*,  if  tlie  stimulation  he  maintained  at  ihc  proper  strength.     The  secrc-, 
tion  produced  from  the  submaxillary  by  excitation  of  the  sympathetic  appears] 
later.    At  first  a  few  drops  of  a  fluid  rich  in  solids  come  from  ihf  duct,  then 
the  secretion  ceases,  Init  reuppeurs  nn  eonliniied  .■stimulation.     The  parotid 
as  H  rule  gives  no  secretion  on   stimulation  of  the  sympathetic,   prohablyj 
because  the  thick  fluid  stopi*  up  the  duel. 

Since  Kliuiulalion  of  the  cerubnil  libers  cnuecti  a  comiderable  dilatation  ofl 
the  bIcKid  vpHspJH  of  (he  frlfiiLd  and  «  con^rqupiit  irnm-ase  of  blood  flow  (as  much' 
as  six  times  rbc  origiiitil)  (cf.  poire  Sn-I).  whereas  stimuloliiui  of  the  sympiuhetic 
causes  vasowmtractioii  and  n  corisidprable  deercafip  of  blood  flow,  it  might  be 
thoii^cht  thiit.  Ihe  tliffiTeiic*  in  the  wcretion  in  \hv  two  {.'iiulw  is  iluf  to  the  differ- 
ence ill  the  (imount  of  blix>d  &up|)li<.-U.    Bui  this  i»  not  true.    For  if  the  arteries 
of  Ihc  irlund  hv  enlirely  elwecl  off  and  the  ren?brFil  fibera  be  theck  slimulatud,  the] 
quaiitit.v  of  werction  ohtaiuod  is  smaller,  but  it  hna  all  the  propertiet*  of  fhe  nnr^j 
mal  et^rebral  ealiva  and  it«  percentage  content  of  solids  ts  not  greater  thun  wbenj 
the  circulntjnn  ia  unhindered. 

IleideMbiiiii,  with  wime  reservation  it  i»  true,  has  Rought  to  explain  th« 
pbvnomeiia  as  follows.  IXe  Bupimses  that  every  pland  is  provided  with  two  kinds] 
of  nerve  fibers:  (1)  thutjc  which  prt'ijide  ovlt  the  traui^wlation  of  water  and  n{i 
ibe  HaliH,  the  '*  secretory  filiern,"  and  (2)  thoBe  whirh  rnntrnl  the  formniion  of  thai 
soluble  enn»tituent3  and  the  growth  of  the  protcipln^m.  the  "trophic  fibers."] 
These  tiberA  occur  in  the  different  nerves  of  the  j^lnnds  iu  different  numbers.] 
Thu3i  the  eerebnd  fibers  in  the  doK  woidd  t>e  relRtively  ]i(H>r  in  ImpKie  but  rt-Ia-1 
tively  rich  in  eccrelory  fibcris,  while  the  sympatbelto  would  contiiin  only  a  few] 
secretory  but  many  trophic  fibers. 

It  is  not  U)  )h-  denied  that  Heideuhaiu  hna  brought  many  facta  to  the  auppoi 
of  this  vipw.  For  example,  Bimnlraiipous  stimulHtion  of  the  sympalliPtie  ai 
the  glossopharyiipeal  in  the  dog  incwrnscs  eonsidemhly  the  percpntfipe  com] 
tion  <if  S(jlid»  in  the  parotid  siiliva.  But  it  is  not  possible  to  explain  all  tbft] 
known  faclji  conceniinp  the  influeiico  of  imrvcs  on  the  salivary  accretion  froi 
this  point  of  view.  Thus  if  the  g-lands  be  poieonpd.  not  too  severely,  with  alropim 
stimulation  of  the  chorda  in  entirely  without  effect  at  a  time  when  stimolntioc 
of  the  sympathetic  is  still  efl'ectivo.  Now  it  is  very  probable  that  atropine  act 
so  as  to  purab-zti  Ihu  cud  oisans  of  the  cerebral  fibers,  and  from  Ui«  fact  jv 
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given  w€  kut'W  tbat  thU  poison  acts  upou  the  Piid  organs  of  the  two  ncrvea  in 
an  ciilircl.v  ilitTi'n.-iit  vay.  Hfiict-  we  can  «c.*BR"el,v  *iiiv  tUnt  llie  s)'ni|>iilliL-lic  and 
tbo  cborrln  are  uunip(i»ed  at  the  same  kindii.  of  fiben  in  iclalireb'  difien-iil  num- 

l^bers  (r,flnglcy). 

Tlif  discovery  of  Ofrharflt  with  resartl  to  morpltuloffical  rhanpft  in  tbo  tiib- 
niiixilliir.v  HfitT  wc'iiini  of  ]\w  tiympiilln'tt<-  njut  nf  the  cbonln.  ^|>caki^  1"  iIk*  »aiuo 
effect.  In  tlio  former  ease  the  proniplnsm  n-maini^  um'timiRCHl.  when-as  ihi- 
nurlfus  shrinks,  nlihoush  not  in  nil  cc\U:  afrer  section  of  the  chorda  the  nn- 
clciia  rcmHirK  uormiil.  but  the  pn)l>i[ilii»ni  in  ninii.v  c*"!]*  underffoes  significant 
obangea,  bfcnminf;  turbid,  finely  granular  anil  npnqiie. 

A  funlKT  diHiculty  for  lU-idcnliaiii*^  theory  i*  the  so-called  paralytic  sfcre- 
Hon  iliH(X)Vprf>d  by  CI.  Itemnrt).  Somp  twnnfy-four  hours  after  taction  of  the 
wn-'bral  norvt-s.  the  «ubmaxillQr>'  glntid  bt^ini*  to  secrcie.  slowlj-  at  first,  thon 
iaatcr  and  faster  until  within  a  wet-k  n  drop  issues  from  the  duct  every  twenty 

^ninutCM.  It  mnke»  iit>  diffi'nncf  wbelher  the  «yni|iiifhelie  is  injur«'d  or  not; 
■ection  of  thi-n  iier^-e  prodiioe«  no  paralytic  seen'tiun.  In  ihe  eimr«p  nf  time 
ftftcr  flection  of  either  nerve  the  »iae  of  iho  Klaud  gradually  dimiiii»h(!s>.  and 
the  gland  actiiiires  a  wnxlikc  appearani-e. 

.4  priori  it  rnifiht  he  piipposei]  that  !ii>en^tion  is  only  a  pmrntf  uf  fiUrnlion 
from  the  lilrxxl  thronjih  the  capillary  walls.  Hut  u'i>  have  >^'at  dttlleulty  tm 
iuch  an  In-polhesis  to  account  for  the  chemical  properiiw  of  the  eocretton; 
for  wvi-ral  sulHtunce*  found  in  the  secretion  and  in  llio  glands  are  not  found 
at  all  in  the  blood,  and  musit.  therefore,  be  fonnetl  rn  the  ginnd  eelU.  Thtt)  is 
ftttc)*t«'d  alsrt  by  facts  to  bedi!*cu>t^  later  with  rejjard  to  morplWogieal  oharifres 
appearing  in  the  };landii.  But  mnn' convincing  is  the  follnu-inp.  ]f  the  durl 
of  llio  suliiiia.\ilhirv  planil  Ik-  coniiectvrl  willi  a  IlK-n)»t)onK>lcr  and  Hit'  wrehral 
nerve  bo  then  stimulated,  the  mercury  in  a  very  (•h'>rt  time,  even  within  twenty- 
five  seconds,  rise*  lOO  mm.  hijrhor  than  the  muTcur}'  in  a  manometer  connected 
with  the  carotid.  That  h,  the  cwretion  prwi^urv  becomes  hi^fhcr  than  the 
blood  pre^snre.  Finally.  Ihe  remnic«t  po-fibilitv  of  re^rardlnfr  the  !*4vretion 
as  a  process  of  filtration  is  exclude*!  by  the  fact  that  stimulation  of  a  ^ecri'tory 
nerve  causes  a  How  of  naliva  in  aniinaU  which  have  bwn  hh^  to  death. 

When  a  nerve  u  stimulated,  ihe  const ituont»i  alrM^dy  deposited  in  the 
gland  cellii  during  n-st  are  not  only  piven  off.  hut  there  is  at  llie  ?nm«  tinin 
an  itirrfiLir,}  prtnliiction  of  theni.  This  is  plainlv  indicati'd  by  the  fact  that 
the  quantity  nf  nilro^jen  in  liolh  the  wxreiing  gland  and  it.*  secreleil  saliva  ii 
greater  than  that  of  the  resting  jrland  on  the  other  side  (Pawlow).  When 
the  nerves  are  exeiiM  with  stinnili  of  increasing  strength,  not  only  doe*  the 
abt^lule  f|uantily  of  Ihe  secretion  and  of  it*  solid  con'titucntu  inrrcfl.'W.  lint 
the  perct-ntagc  content  of  the  latter  riw«  higher  the  more  rapid  the  nite  of 
iteereiiiin  Iili-ohics.  Thi«  increase  always  atfects  the  inorganic  consriiuentit 
but  not  the  rtrganif,  unlesu  care  Im?  taken  not  to  fatigue  the  gland  hy  over- 
work, if  the  gland  l>e  fatigui-<l.  the  |H'[i'enla^>  ofmient  of  organic  riid^tancda 
may  even  decline  in  the  face  of  an  increu^tnl  rate  of  Mvretion. 

We  may  cumniarire  the  efferl,>*  produced  in  the  gland;*  hv  slimnlalion  of 
tlwir  nerve-  as  follows;  (1)  A  change  take*  place  in  the  gland  celU  develop- 
ing certain  forreis  which  are  expressed  by  the  act  of  secretion;  ('i)  at  the 
eaine  lime  an  inereawMl  formation  of  itn-  f|wcific  coHr-tiliient^  of  the  r<vrelion 
appoarA;  and  (3)  if  the  ptiuiulation  continue  for  u  long  time,  the  gland  gnidu- 
17* 
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ally  becomes  fatigued,  so  that  the  delivery  of  secretory  products  exceeds  the 
new  formation  of  specific  constituents. 

Under  normal  circumstances  the  secretion  of  saliva  is  caused  by  a  reflex  act 
induced  chiefly  from  the  mouth,  and  Pawlovi^  has  shown  that  the  quantity  as 
well  as  the  quality  of  saliva  in  the  dog  is  adapted  with  extraordinary  nicety 
to  the  properties  of  the  substances  introduced  into  the  mouth. 

Mechanical  atimulation  of  the  buccal  mucous  membrane  does  not  always 
produce  a  flow  of  saliva.    If,  for  example,  a  handful  of  pebbles  be  thrown  into 


^¥^. 


Flo.  100. — Parotid  gland  of  the  rabbit  as  seen  in  a  fresh,  unstained  preparation,  after  Langley. 
A,  restinK  state.  B,  after  injection  of  a  slight  quantity  of  pilocarpine.  C,  after  Nlimul  at  ion 
of  tlie  cervical  sympathetic.     D,  the  same,  only  a  stronger  effect. 

a  dog's  mouth,  the  dog  moves  them  to  and  fro  in  hia  efforts  to  get  rid  of  them, 
but  no  saliva,  or  at  most  only  a  drop  or  two,  is  poured  out.  If  on  the  other  hand 
sand  be  used  instead  of  pebbles,  a  copious  flow  of  saliva  is  set  up,  bceause  the 
sand  cannot  be  removed  from  the  mouth  without  a  stream  of  fluid.  Xor  is  there 
any  discharge  of  saliva  from  application  of  water  or  snow,  but  with  acid,  salty, 
bitter  or  caustic  substances  which  require  to  be  diluted  or  washed  out  of  the 
mouth,  a  discharge  at  once  occurs. 

In  all  these  cases  the  saliva  is  thin,  watery  and  contains  only  a  trace  of 
mucin.  But  with  all  kinds  of  edible  substances  a  viscid.  mueouH  saliva  is 
secreted  such  as  is  necessary  to  facilitate  swallowing  the  bolus.  Besides,  the 
quantity  of  saliva  depends  upon  the  drj-ness  of  the  food:  the  drier  it  is,  the 
more  saliva. 

It  i.s  unnecessary  actually  to  place  the  stimulant  into  the  mouth  in  order 
to  produce  a  flow  of  saliva.  Sight  <fr  .smell  of  it  is  sufllcicnt.  or  indeed,  as 
our  own  e.xpcricnces  prove,  imaginnlinn  even  of  savory  .substances  will  produce 
the  cfFecl.  With  regard  to  the  quality  and  quantity  of  saliva,  th(^  s.inie  differ- 
ences are  observed  as  when  the  stimulus  is  applied  to  the  mouth  cavltv :  from 
whirl)  we  may  conclude  that  a  psychical  influence  of  no  small  value  is  involved, 
aitluHigli  this  cannot  be  cxerci^^ed  by  direct  effort  of  the  will. 


THE  SALIVARY  GLANDS 


261 


The  Mlivarv  nerre  centers  uro  Ict-iilwl  in  ihu  modulla;  for  r«flox  sc-cretion  is 
obtaiDOtJ  nftcT  Trnnsacction  of  the  brnin  in  the  pone.  A  puncture  in  the  nii'dnlitt 
is  foltowcd  likevrise  by  socn-'tion.  Unilaloral  injury  to  the  floor  of  the  fi'mrth 
veiitricli-  a  lilllt*  U'bitit]  llie  (iriKiii  of  lb<!  Irii<eniiiial  nerve  c'ausea  secretion  ia 
both  »ubMiaxi1ldr><  kUiikId  and  in  ibv  pumtid  wf  ibi-  *»mf  shIi-.  Bulb  cfn-bml 
And  syiiipnlbi'lie  mTTe»*  ore  roused  to  activity  in  this  ciise-  It  is  possibk'  ihst 
the  gland«  on  vach  side  of  ihc  body  ha\t-  their  own  centcra,  and  thtt  these  are 
ci>rin*s'le<l  toyrlhcr  li.v  eomniisMires  (IWk). 

The  salivary  Klsnds  eun  be  *ct  in  uctitjii  iiImo  by  arlilieisl  Mtirriidnlioii  nf  that 
port  of  (he  cerebral  ortex  which  corresponds  routthly  to  the  motor  »>ne.  It  is 
wty  pnibuble  tliat  ilie  abuvu-mc-nlioucd  psychical  iutlueuce  ou  the  uUivary  ^luiiiis 
depeudi^  uihiii  this  cortical  field. 

B.    MORPHOLOGICAL  CHANGES  DURHIG  SECRETION 

The  more  mTiii  invct^tifialions  of  this  liiibjeet  have  been  made  upon  pme- 
(ioally  frffh  material  instead  of.  a«  fonnerly.  up<m  prir-ervoil  niutehal.  We 
shall  follow  the  dewriptioDi)  gJTcn  by  Lnngley  and  bv  Riodcnnann. 

Id  the  albuminoun  glands  (Fig.  I(JU)  Langley  foimil  that  in  the  renting 
state,  the  cells  are  lilKil  with  a  collection  uf  Kinmnlrn  so  almndrtnl^as  to  ob- 
scure the  veil  boundaries.  When  the  jrlnnd  hae  seereled  for  «omc  timo.  the 
oelU  increase  ia  eize,  the  gnuiulet«  gradually  liiciappcar  usiH-cially  from  the 
outer  zone,  or  the  side  toward  iho  nicnibrana  propria,  while  the  inner  jiom* 
or  the  side  toward  the  lumen  nf  the  plaiid  ^till  contains  granules.  These 
changes  arc  constant  whether  the  gland  l»o  cantk^l  to  secrete  hy  the  natural 
stimulus,  by  injection  of  pilocarpine,  or  by  stimulation  of  its  nerves. 

Aceordinir  to  E.  Muller,  there  occurs  here  a  conversion  of  strongly  refractLve 
fminuK-s  into  feebly  rcfrflctivc  ones,  which  past)  into  the  «ccrflioti  n^  »tnflll 
Kpbt'rii^al  drops — the  Ao-eaUnl  w-cretinn  vanu'li-"  (Fi|[.  HU;  rf.  olw»  Fiit-  911). 
la  very  active  secretion  tlie  firot-named  RT«nuIe»  pn*«  directly  over  into  the 
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101. — Psralid  ilsiid  of  Die  cKt,  kfln  R.  MilW.     ^ubltnuilo  fl»iion.     A,  ttxtr  twtaty-hor 
bouni'  (aai.     B,  dunttg  nrtivir  iliaclisrgc  nf  tlir  urcntkia. 


secretion  vncuolc».  When  tJiey  leave  the  viand  relU  they  pass  first  into  the 
scrn^tory  eapillariefl  running  between  the  celU  wherr  they  are  dissolved  and 
whence  the  secretion  flows  into  the  ducts  of  the  gland. 
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We  meet  vith  gjmilar  phennmena  in  fresh  preparations  of  the  mucovt^ 
glandit.  A  gland  fnmi  tliu  Umjrue  ol  liana  escuhnla  teii.-*e(l  in  a  i).(i-pt>r-cent 
Bflit  solution  (Biotlerniann)  nimnsi  nlways  shows  cells,  which  in  the  ends 
turned  loward  the  lumL-n  an?  thifkly  K-t  irilh  dark,  strongly  rL'fractive  gran- 
ules. When  the  saniL'  ohjeci  is  ohserved  in  aclive  secretion  the  dark  jirraimlM 
have  disappt'Rnyl  for  the  most  part,  or  form  only  a  narrow  horder  nlf>ng  the 
inner  i-d^e  of  ihi-  cells.  The  latter  ctintiiin  bIm)  ctenr.  vafnolar  drops 
(Fig.   K'2). 

From  these  ohservations  it  appears  that  in  the  albuminous  as  well  as  in  (lie 
mucous  glandii,  a  ^ubstauee  ii4  formed  during  the  resting  stute,  which  in  the 
frfsh  ;rlfind  has  the  form  of  small  ^rr^iml''*'-  This  suhstance  is  liberated  from 
the  cells  ill  iht;  act  of  hecretitm  and  us  h  r-msciiiu'iiii!  th*'  it!1s  di'cTcuH:'  in  size, 
especially  after  a  copious  diwhargw ;  the  main  part  of  the  cell  is  now  dear. 

Are  the  specific  eonslituents  of  ihe  sepr«tion  deriTativeB  of  the  living  proto- 
plasm, or  an.'  ibey  to  bt-  r4'Kurdtsl  u>^  pruductts  of  iu  actirity?  This  question 
cannot  be  answered  dpfinilely  at  present.  Heidpnhnin  (Conceived  that  in  iho 
mucous  (tlnnds  at  lenitt  ihf  cells  ni«  n  whole  nrr-  ronrerted  info  the  speretion.  and 
that  the  so-callcd  dcmilume  et-Ils  of  Gintiuui  are  youug  cells  destined  to  replace 


A  » 

Fin    112,  —  Pnrln  nf  n  timKur  pinnil  iif  tlip  fntf(  <Rntui  ennilmia),  [r™li  coniLitbri,  afirr  Biedw- 
tniuui.     .-1,  rt«tiiiK  dlttlt^.     tt,  itSinT  Htiinulfiiing  tlic  Kloaauptmryiiiceal  aorvc  for  Ihrro  lioura. 


the  mucoui*  cells  after  their  disintPK™tion.  Thia  R»9nmplion  however  Ib  not 
accord  with  the  fact  ihnt  cell  dtviHions  are  very  rurdy  met  with  in  seerelinir 
gltiTKh.  That  eelU  dn  iiec«r'iiiiiid!y  jwrisli  in  verj-  iiclive  tieeretioii  and  can  be 
replaced  by  division,  has  nothinp  whatever  to  do  with  the  process  of  sL-cn.'tion 
as  Kuch.  And  as  for  tin-  dcniiliiines.  ihcy  aiipear  from  recent  researchea  (Stuhr, 
Noll)  to  be  simply  etnpty  mucnu'*  cells. 

Other  iuTesIigrfltora,  with  Altmann  at  their  hi-nd.  reg^nM  the  cmiiule?!  ns 
morphological  derivative!*  of  forineil  constituent  elements,  and  i-laim  that  the 
manner  of  their  origin,  their  growth  and  their  transformation  indicate  that  they 
are  vital  units. 

From  nil  that  we  know,  hoiR-ever.  the  granules  found  in  the  restinc  eland 
might  jnst  ns  well  repnvscnt  pTodiict.s  of  the  mctnbolie  netivity  of  the  pmto- 
plnsm:  hence  no  destniction  of  living  substance  would  l>o  involved  in  their  for- 
mation. The  material  at  hand  in  b>  no  means  sufBcieat  to  decide  a  question 
fimdamcutallj  so  important. 
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8  3.    THE  GLAiroS  OF  THE  STOMACH 

A.    SECRETORY  ITERVES 

Early  olwcrralions  on  the  jspcrvtion  of  gnslric  juire  for  the  most  part 
tended  to  show  that  this  pronMs  scarcely  cume  within  the  control  of  the 
central  nenous  s^ystcm.  Some  few  obwrvatiorif?  there  wtTe.  it  is  true,  which 
indicHlefl  such  an  iiiHuomie,  Init  they  wore  rnther  rtcatlcv('<l  and  were  oiitniim- 
bered  by  other  oliscrvations  which  infiile  it  more  likely  that  the  extrinjiic  nerv<^8 
to  the  stomach  had  no  influence  of  a  direct  kind  upon  its  nwrelnry  activity. 
Ill  the  >H>ar  18SJi.  however,  Pawlow  and  S<'hiimow-Siniano\v»ky  dcmouatratcd 
that  the  vagus  contains  secretory  fihera  for  the  gastric  glands. 

liicht't  had  fi>und  in  ihc  rnse  of  a  man  with  an  n'sophuffcal  strielure  and 
upon  whom  a  tttoinach  fintuln  hiid  been  mndc.  that  chcwinir  ^^tronply  »ai)\<\  fomls 
produced  iiinni»iial(-ly  a  flow  of  ffa^trio  juice  from  the  iLstula.  It  va«  natural 
to  regnnl  this  nswrn-tioii  an  ii  reflex. 

The  above-named  authors  undertook  to  (>»tablish  this  conclusion  experiment* 
ally,  and  for  the  purpose  made  on  doirs  an  o'iiophntccal  fl^tuta  besides  the  iinual 
Btnmnrh  ftHtula.  Whi^n  the  animal  rt^^icivcd  uunuthin^  to  oat  and  swallowed  a 
bolus,  it  of  course  came  out  throujrh  the  openinR  in  the  nwk  without  ever  reach- 
inR  the  stomach  ('*  fiditiou-*  fcii-diiifr ").  Xovfrthi:'lc*«.  afti-r  a  liLt<:-nt  period  of 
fivv  to  six  minnl««  a  (■(•piiiMit  tipcretioii  uf  tiastric  juice  innde  it.-i  n|ipi-»niiice.  In 
this  way  it  was  proyc-d  Ihtit  the  wxrelion  can  in  faet  b«  cal]i*d  out  n-flt-xly. 

The  efferent  nffi'rt  concerned  in  (his  reflex  are  the  vagi.  If  the  v^iri  b« 
cnt,  the  reflex  fails.  If  they  be  stiniulatc<I  a  clear  fluid  hegins  t-o  trickle  from 
the  JUtnIa,  wliich  in  cvnipnritMin  with  tlie  nonnal  gatKtric  juice  shows  a  lower 
acidity,  hut  digeitts  proleids.  In  addition  to  thcKp  the  vagus  appears  to 
confiiin  also  filters  which  inhibit  the  gliinds  of  the  stnmnch. 

But  the  Becretion  of  j^a^tric  juirt!  \^  not  dependent  alone  upon  the  vagus. 
There  are  perfectly  trustworthy  slatcnienl!*  in  the  literature  which  show  that 
the  Bocretion  does  not  cease  after  section  of  the  vagi,  although  the  reflex  from 
the  mouth  tw  excluded :  but  that  antmul.-i  thus  operateil  upon  dige-H  their 
foo<l  in  the  stomach,  nesidna,  fliuily-'is  of  the  urine  n>veaU  no  pro<lurts  nf 
abnormal  putrefaction  in  the  tilimentftry  canal  of  i^ucK  aninialt;,  and  wc  may 
conrlnde  that  a  real  gastric  juice  is  accreted  which  contains  juet  as  much 
hydrochloric  acid,  hut  coti-fiderahlv  lew  pepsin,  than  the  normal  juice. 

Thus  there  are  two  modes  of  gastric  secretion,  namely,  one  under  the 
influence  of  the  .serretory  nerve  fibers  which  traverse  the  vagus,  and  the  other 
independent  of  those  filtcrn. 

(1)  Th«  Secretion  under  the  Infiuenee  of  the  Vaf/ut. — Koitber  excitation  of 
the  nerves  of  taste,  nor  the  act  of  chcK-infi,  nor  the  morementfl  of  degUitition 
have  nf  themwlTm  an,v  power  to  cauf«  a  r^Oex  secretion  of  ftastric  juice.  Only 
when  the  animal  exhibits  some  desire  for  food  doe«  itecretion  result.  The  imagi- 
nation  of  savory  suhstanccs  would  xeem  therefor^  to  be  of  special  importance, 
and  this  is  confirmed  by  the  fnrt  that  gnstrie  secretion  occurs  when  one  mcrety 
offers  a  dog  a  piece  of  meat  without  (riTinfl*  it  to  him.  This  ** pxj/chieal"  aeere- 
lion  is  at  tinteft  rery  Hbiindant;  but  if  not,  thv  amount  of  secretion  itt  consider- 
abl.v  increased  by  iictitinus  feedioK.  From  tbeae  and  Himilar  fncts  it  appears 
that  altJiough  excitation  of  tlic  uifcrcnt  uorvw  from  the  mouth  and  the  cnopha- 
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gUB  does  not  of  itself  produce  any  gastric  secretion,  yet  when  the  animal  has 
some  desire  for  food  this  excitation  intensifies  considerably  the  psychical  secre- 
tion which  would  otherwise  take  place,  and  raises  both  the  acidity  and  the 
digestive  power  of  the  eecretion. 

In  the  case  of  a  five-year-old  boy  with  a  complete  (Esophageal  stricture  and 
a  gastric  fistula,  Homborg  found  that  chewing'  palatable  foods  induced,  after 
an  average  latent  period  of  seven  minutes,  a  secretion  which  lasted  for  forty 
minutes  or  more,  whereas  chewing  disagreeable  foods,  or  chemically  active 
(lemons)  or  indifferent  substances  (rubber)  was  without  any  influenoe  on  the 
gastric  glands.  It  is  worthy  of  note  that  the  secretion  failed  when  the  boy  was 
not  permitted  to  eat  immediately  food  particularly  palatable  to  him,  and  began 
to  cry;  also  that  every  time  he  was  fed  through  the  stomach  fistula  he  wished 
for  something  edible  to  chew.  Mere  sight  of  food  was  not  effective  in  provoking 
the  secretion. 

(2)  Tke  Secretion  Independent  of  the  Vagiia. — Mechanical  stimulation  of  the 
stomach  mucosa,  even  when  it  is  very  energetic,  causes  no  secretion  of  gastric 
juice  whatever;  only  an  alkaline  mucus  flows  from  the  fistula  (Pawlow).  The 
secretion  not  mediated  by  the  vagus  must  be  the  result,  therefore,  of  ehttnical 
atitnulation.  In  order  to  study  this  question  more  closely  and  to  prevent  mixture 
with  foreign  substances,  Heidcnhain  separated  the  fundus  portion  from  the  rest 
of  the  stomach  by  a  surgical  operation,  and  thus  prepared  an  isolated  "  fundus 
fistula."  In  this  operation  the  branches  of  the  vagus  which  mediate  the  secretory 
reflex  were  cut.  Kevertheless,  when  the  animal  received  something  to  eat  secre- 
tion api>eared  in  the  blind  sac.  It  b^an  fifteen  to  thirty  minutes  after  eating 
and  continued  for  a  longrer  or  shorter  time  according  to  the  quality  and  quantity 
of  the  food — after  a  moderately  full  meal,  thirteen  to  fourteen  hours;  after  a 
very  full  one,  sixteen  to  twenty  hours.  When  the  dog  was  given  very  slightly 
digestible  food,  such  as  coarsely  chopped  ligamentum  nuchie,  no  secretion  ap- 
peared, but  began  when  he  was  subsequently  allowed  to  drink.  Even  then  the 
secretion  continued  for  only  a  short  time,  one  and  one-half  to  four  hours  at  most. 

Pawlow  and  Chigin  carried  out  even  more  detailed  experiments  on  dogs  in 
which  the  blind  sac  was  prepared  without  section  of  the  vagus  branches.  The 
substances  whose  effects  on  the  mucous  membrane  were  to  be  tested  were  intro- 
duced (without  the  dog's  knowledge)  through  a  fistula  directly  into  the  main 
part  of  the  stomach.  Water,  0.1-0.5-per-eent  HCl  solutions,  etc.,  in  quantities 
of  100-150  o.c.  exerted  only  a  very  slight  influence  on  the  process  of  secretion  in 
the  isolated  sac.  In  quantities  of  500  c.c.  pure  water,  len-i>er-cent  solutions  of 
cane  sugar  or  starch,  or  egg  albumin  provoked  a  somewhat  stronger  secretion. 
This  began  in  a  majority  of  cases  after  thirteen  to  twenty-nine  minutes.  Since 
distilled  water  evoked  just  as  much  secretion  as  the  solutions,  it  is  assumed  that 
the  effects  here  are  only  those  of  the  solvent.  Weak  soda  solutions  reduced  the 
effect  of  water.    Fats  also  exerted  an  inhibitory  influence. 

When  meat  gravy,  meat  juice  and  meat  extract  or  milk,  or  a  solution  of 
gelatin  in  water  were  introduced  into  the  stomach  in  the  same  way,  results  were 
very  different.  An  abundant  secretion  began  after  an  average  latent  period  of 
thirtctm  minutes,  which  continued  for  about  three  hours.  Neither  egg  albumin 
nor  albumose  nor  bread  had  any  such  effect.  It  appears  therefore  that  certain 
cxtraetivt^H  contained  in  meat,  to  which  however  cT<'ntin  and  creatinin  do  not 
belong,  ecrtnin  cmstituents  of  mitk,  etc.,  are  specific  stimuli  for  the  stomach. 
FurtliiTniorf.  there  are  pxperimenta  which  show  that  once  tho  secretion  is  started 
by  thesi;  substances,  it  is  considerably  augmented  when,  for  example,  egg  albu- 
min, of  itself  but  slightly  active,  is  introduced.  In  the  same  way  starch  intro- 
duced with  meat  can  intensify  the  secretory  process  considerably. 
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Prom  these  oliservations  wo  can  form  provisionaUy  the  foHnwing  concep- 
tion of  thv  aimiilions  for  secretion  in  the  stomach.    Svcrotmn  of  gastric  juice 

id  stflrtocl  by  a  cnmplical^tl  reflex  profess,  which  is  w;l  in  operation  by  the 
night  uf  frMHl  art  wt'II  n-*  liy  il--<  putisagf  iliroiigh  iln?  tiioulh  ami  o-rinphagui*,  and 

Hows   ia3<sa78    ]ita-iae7Huiuiw;iii8 


Mc«t  Rrmd  MUk 

Flo.  103. — Hourly  t'oun«p  of  jrcrrtion  o(  KAxtht:  jwjw;  in  ihi-  dos'ir  trtfinikcti,  after  Pawiow.     E»- 
ciuaivc  iliL<lK  uf  iiM.-al,  lirmd,  u)il  luilk  wprv  givat. 

i»  m«diat»l  l>y  the  Tagu«.  This  secretion  it»w!f  lasts  for  a  fairly  long  time; 
but  it  is  ttiijmu'itwl  by  the  9limulntin;i  influmre  on  the  mucotia  membrane  of 
ing»»teiJ  wntcr  Hmi,  al)ove  all,  of  certain  extractivps.  etc.,  contained  in  the  food. 

ChiKirt's  fxix^rimentit  on  the  course  of  the  secretion  in  the  blind  uc  with 
the  vnfri  preBcrrpri  nh^w  wry  instructively  how  ihe  activity  of  the  inurmis  mera- 
liranc  under  iho  influence  of  the  vamw  rt^flcxcs  and  the  ctcitation  of  (he  food. 
is  adaptod  to  llm  iiioinentary  rM|Hm-ment>t  ufxiii  it.  With  nit  ihr-  arliclps  of 
fo(«l  thuK  far  t4^-ttt4id  tlw  wrreliun  bi^atk  at  about  thv  Mnie  time.  It  reaclic"!  ita 
ninximuin  durinR  the  fimt  or  the  neciiiid  hour  (with  milk  during  the  thin)  hour). 
After  till-  iiiftxiiuum  was  n-afhni  the  at-crelion  fell  imuiL-diately  and  became 
(fradually  Ifss  and  less  until  it  finally  censed.  The  absolute  quantity  of  Ki^tric 
juice  with  the  sonic  article  of  food  wan  greater,  the  greater  the  maas  of  food 


Hoiirt    t 


N«U.  lirrftd  Mlllc. 

FuL  IIM. — Hourly  oourae  of  the  dlceativ«  action  of  gutrie  luic«  nn  prot««d,  art^-r  fcMlinc  ntdu* 
■iv«Jy  ma*t,  brMid,  and  milk  (Pnwlow). 

iced.  The  f]uantity  secreted,  for  example,  waa  frreater  with  200  ft,  of 
than  with  SOO  (r.  of  bread  nr  6f>0  p.  of  milk  (Fig.  lat).  The  digcMtire 
power  of  the  fluid  wTret^l  with  the  artielc*  of  fooiJ  just  mentioned,  when  r<*»ted 
from  hour  to  hour,  »howM  cliHnifrl(>n><lte  ruriatioiut  (Fig.  104).     Feeding  meat, 
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milk  and  bread  with  the  same  N-cont'ent  (about  3.4  ir.),  there  nppoarLil  iu  the 
ittulaied  sac  27.  34  mitl  42  c.c.  reapectivt'ly  uf  ^uetrir  juice  hiiring'  a  diRPSlive 
powor  of  4.0,  ;i.I  ainl  rt.lfi  mm.  of  egg  aUbtiniiii  (ef.  jinpe  245).  SiiK-c  the  di- 
gtative  power  is  pro)>ortioiia1  to  thi?  square  nM>l  of  the  quHiilitit^  of  |ik-[(«>ii.  tb« 
quaotititnt  in  this  series  wuuld  be  to  v&eh  otbvr  an  iSO,  340,  and  1.600.  ^M 

The  cent<>r  of  (hew  reflexcd  mediated  bv  the  vagus  probably  coincides  with 
tin;  vugUA  nuck'us.  The  psychiP  influpoce  on  the  tuicrtst'wn  is  evow^isfnl  natu- 
rally Ihroiijjh  lUe  cerebrum.  In  tin;  dog  litxrhterew  i>blaineil  a  sccrfrtion  of 
gastrip  juire  nnd  nf  g,i,>)trir  nuicii!'  on  jiliiimliiliiig  n  rr-giou  Ul^riil  to  the 
anterior  |>ortioii  of  the  jryrus  stEmoides  juat  at  Ike  forward  end  of  tho  third 
convolution.  Slimulaling  for  four  to  five  minutt'S  the  secretion  continued 
for  tliirly  to  fifty  minutes  nnd  oxhiliitod  nn  tinmistfikablp  similarity  with  tbat 
obtained  by  fictitious  feeding.  After  extirpatiun  of  tliin  cortical  Held  au 
secretion  appeared  on  offering  food.  ^fl 

The  mechanism  of  the  secretion  which  is  independent  of  the  ya^is  is  much 
more  difficult  lo  expliiin.  U  miplil  he  euUM'd  cillier  b.v  acirrie  n-flex  |iroces'8  or 
by  thp  fiirrct  exrilinp  efferts  of  absorbed  aubntnnep-'i  upon  the  f^lnriHs  themsplvca. 
There  ore  ditfieulties  in  the  way  of  both  hypotheses  and  the  matter  cannot  be 
regarded  an  settled. 
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The  mucous  mfrnfirunfl  of  thf  ttomnch  pr^etits  considerable  differenpes  be- 
tween the  fundic  and  p.vluric  portions.  The  pyloric  portion  is  pule  and  whitish 
in  cotor  and  is  beset  by  a  few  hi(th  foUlH.  hero  mid  then^'  united  t^tjrether.  The 
rest  of  the  mueous  membrane  hns  n  reddiah-yellow  or  reddish-frmy  color,  and 
poaseaspji  mimeroiia  folds  bound  together  into  an  irregular  network,  and  in  addi- 
tion to  these,  fine  !*eeondnry  folds  likewise  arranffed  as  a  net.  Into  the  depres- 
sions formed  by  the  folds  open  the  gastric  glnndi,  whose  epitheliul  eelU  are 
euulinuQua  with  the  epithelium  which  clothett  the  free  surface  of  the  mem- 
brane. ^^— 

Thi?  superficial  epithelium  seerote.^  the  ^stric  nnieus  and  behayes  proP 
ably  like  similar  cells  of  the  salivary  gland:^. 

The  glands  of  the  mucnas  membrane  are  tubular  and  belong  to  Iwo  dif- 
ferent ti/pen,  one  constructed  of  one  kind  of  cells,  the  other  of  two  kindfi. 
The  ripatini  dijitrilmfion  of  the  two  kindit  presents  eortnin  dilferrnfcs  in  dif- 
ferent nianiiiiaU.  In  the  dog  and  man  the  glands  formetl  of  one  kind  of 
cells  occur  only  in  the  pylorus;  those  with  two  kinds  owur  only  in  the  fundus. 
For  this  reason  Ihcy  are  named  pyloric  and  fundic  gland-t  rety^Kctiyely.  The 
boundary  between  the  two  divisions  of  the  mucous  membrane  is  not  however 
very  sharp, 

The  swrelinj:  elements  of  the  pyloric  glands  are  cylindrieal  cells  arranged 
in  a  single  layer  upon  the  basement  membrane  of  the  glands.  The  fundic 
glandu  contain  similar  cylindrical  cdb  similarly  arrnngcil.  These  cells  were 
di.tcovered  by  KoUet  and  IleideuhuB,  and  are  called  the  ckiff  or  adelomor- 
phous cells. 
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In  addition  to  the  cliief  cells  and  situated  oiitsido  of  them  aiv  othor  so- 
rallwl  ptirieiaf  or  dflomarphoas  evils.  Tiicsc  lie  b<?twecn  the  chief  cells  and 
()u>  iii&riilirftim  prDpria,  iiui  <]o  not  form  6  ['nnlin)iim.>i  lnyer.  Just  bj^  in  llie 
iialivary  giajid-..  ilioru  arc  fine  HXTcUiry  fflpillariys  In'twei'ii  thi?  ^Innd  colls. 
Tliiise  belonging  to  tlic  parietal  cells  surnniml  Ihern  in  a  basketlikp  fa<thion 
and  ivre  connected  W  cross  duct*  with  the  lumen  of  the 
glaud  (Vig.  1(15). 

It  liaK  lievD  kntiwu  for  a  long  time  that  the  pepAiD  u 
formed  in  the  chief  colls  (\Va<sman,  lft;J!»). 

If  »mall  piocM  iif  the  fundu<t  muoo«fl  be  difrwted  in  a 
wanii  pl«M-  with  ililutv  h.vdn>phloric  ncid,  thty  (li*»olvt'  li'av- 
ing  tynly  smntl  tlAk'-^  behind.  B<.>iled  while  uf  ckk  ditteuiod 
ai  SS^-^O"  C.  ill  uc-iduluti^d  water,  i«  which  a  bniull  |>iece 
of  the  fundic  inucn!«a  has  becD  added.  di^soIrM  in  one  to 
one  niid  oni^-half  hours. 

Hiiice  it  bad  Wen  ubfteirwl  further  that  the  pj-loruft 
mucosa  with6li.M>d  dlRcsltDn  much  loiiirer  on  similar  tniit- 
meiit,  and  Jtiiice  tht-  chief  cells  had  not  yet  been  discnv- 
ered.  it  waa  supj^fv^pd  that  tho  fundio  plands  were  ihe  only 
iwnt  of  pepsin  production,  and  thai  the  [lylorie  kIaiuJi*  [im- 
duciil  r>t)ly  [iiuouM  like  the  su|>trr&eial  epithelium.  It  has 
flince  been  proved  that  the  pyloric  Rlaudfr  bUo  produce 
pepaia. 

Simply  to  make  an  eitract  of  pylorus  mucosa  and  dem- 
onstrate pepsin  therein,  would  not  be  a  fair  test,  for  it 
niiirhl  Ik>  that  the  jicpeiu  eaiue  from  the  Ka^trie  juice  and  bud 
oidy  b«-ii  absorbed  by  the  pyhiric  mncnna.  The  matter  lakea 
quite  another  aspect  however  when  we  discover  tbnt  the 
pyloric  miico^ii  i*  not  cfiiriplelely  fiTe«i  of  its  ]iepsin  by 
wnshinK  for  forty-eiftht  hours  in  running  water.  Sereral 
other  obMn-fttiuns  show  the  same  tbiiyr.  and  coiieluairo  evi- 
dence in  fnmi-'ihetl  by  the  fi'llowing:  By  an  n|ieration  the 
pyloric  portion  can  be  isolated  fn>m  the  rest  of  the  etomach 
in  ihe  unmc  way  im  hii*  idn-iidy  Iieeii  descriliei!  f<ir  the 
fundie  portion,  und  a  p,vb>rie  tit^tulu  !>«  Ihtw  e«tablii«bed 
( Klenicn'^iewiex,  Heidenbain,  Akennan).  The  aiiiinnU  re- 
cover antl  eshihir  no  sort  of  disturbance  in  their  Reiieral 
health.  From  thii«  pyloric  »ac  ii  fluid  i?*  obtained  which 
alway*  contains  pepsin  even  if  collected  weekn  or  months 
after  the  oiieratiun.  There  can  be  nu  question  here  of  abtiorittion  from  Ihe  p;ta- 
trie  juice. 

We  have  still  to  decide,  however,  whettier  the  |)epsin  i«  formed  in  the 
chief  or  the  parietal  cells  of  the  fundie  ptandx.  Several  facta  indicate 
the  former. 

( t )  If  frexhiy  isolated  fumlic  glands  l>e  warmed  in  a  drop  of  dilute  hvdnv 
chlorir  nciil  under  the  microscope,  the  chief  rolls  may  Ih?  MH-n  lo  dininlcfrrate 
rapidly,  wlwrea-i  the  parietal  cells  only  swell  up  anri  become  1rnn-imr>,*nt. 
(8>  In  iihcep  emhrt-o«  it  has  l>ron  oK-*erved  that  the  parietal  eelU  appear  first 
in  the  course  of  development  and  the  chief  iv\h  much  later.     Pepsin  produc- 


Fia.  lOfi. — B«cmioD 
r«piltAri*0  siir* 
rminding  the  |)*- 
riMftl  «(4U  of  ih* 
CMtri«  kImmIs  in 
»  baskHlikv  nrt- 
wiwk.  Tlir  capU- 
Innvm  «1mi  peo»- 
tralv  tlip  coll^ 
aSi^rr  K.  Mdltn-. 
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tion  cu)  i>H  rlemoiutrated  in  the  macoiu  membrane  only  after  the  latter  appear. 
(3)  If  different  partft  of  the  stomach  mncoea  be  extracted,  it  is  found  that  the 
quantity  of  pfrp^in  shoirs  no  dependence  upon  the  nmnber  of  parietal  cells 
in  the  different  parte,  bat  varies  in  direct  proportion  to  the  nomber  of 
chief  oell«. 

IJ</w  far  the  parietal  cells  participate  in  the  formation  of  pepsin  most  be 
Tt-ffardtui  an  Htill  an  open  question.  In  various  lower  vertebrates  whose  gastric 
iclandii  pfMwewi  cellii  of  only  one  kind,  it  has  been  observed  that  both  pepsin  and 
hydrrfchloric  acid  are  produced.  But  we  cannot  draw  any  positive  conclusion 
with  re«ipect  to  the  more  differentiated  gland  of  the  higher  vertebrates  from 
this  diMCTn-cry. 

Wmght  for  weight  ihe  pyloric  mucosa  produces  much  less  pepsin  than  does 
that  of  the  fundus — which  is  quite  intelligible  when  we  consider  that  the  fundic 
glands  are  much  more  thickly  set  than  the  pyloric  glands,  and  also  that  the 
length  of  the  former  is  considerably  greater  than  that  of  the  tatter. 

The  amount  of  rennin  of  the  gastric  juice  during  the  different  stages  of 
diKetition  alwayu  rune  parallel  to  the  amount  of  pepsin.  From  this  and  other 
factx  it  appears  permissible  to  conclnde  that  although  rennin  is  not  identical 
with  pepHin  (page  Si-^iO),  it  is  formed  in  the  pyloric  glands  as  well  as  in  the 
chief  cells  of  the  fundus  glands.  Whether  it  originates  in  the  parietal  cells 
also  cannot  yet  be  decided. 

Views  are  widely  divergent  as  to  the  seat  of  hydrochloric  acid  production. 
While  Homc  asHumc  that  it  is  produced  in  all  the  gland  cells  of  the  stomach, 
others  suppofw  that  it  originates  only  in  the  parietal  cells  of  the  fundic  glands. 

Ah  a  matter  of  fact  it  appears  to  be  shown  with  a  fair  degree  of  certainty 
that  the  pyloric  glands  do  not  produce  hydrochloric  acid,  for  in  the  secretion 
of  th(!  ittolelcd  pyloric  sac  one  finds  in  exceptional  cases  an  alkaline  reaction 
and,  what  '\n  important  also,  the  mucous  membrane  of  the  blind  sac  exhibits 
nt  mich  timiw  jKirfectly  normal  properties  throughout.  Moreover,  it  is  stated 
that  lh('  free*  Hurfacu  of  the  mucosa  gives  an  acid  reaction  only  in  places 
whcTe  ginndrt  with  two  kinds  of  cells  are  found ;  at  other  places  it  reacts 
alkaline. 

After  considering  all  the  facts  obtainable  bearing  on  this  subject,  Heiden- 
hain  ranic  to  the  conclusion  that  hydrochloric  acid  is  formed  in  the  parietal 
celU  of  the  fundic  glands.  It  must  be  stated,  however,  that  he  reached  this 
conclusion  by  the  process  of  exclusion  and  not  by  direct  evidence. 

The  cells  of  the  gastric  glands  in  the  process  of  secretion  undergo  morpho- 
Unjiaii  rhnngrs  which  have  been  followed  by  Lungley  on  fresh  preparations.  In 
the  fasting  condition  the  chief  cells  arc  strongly  granular,  but  during  digestion 
arc  clcnr — i.e.,  the  outer  zone  (nl>out  ono-third  to  one-half  of  the  entire 
cell)  shows  no  granules:  they  occur  only  along  the  luminal  border  of  the 
ci'll.  Kxlrnots  from  difTercnt  pnrtf  of  tho  mucosa  yield  pepsin  in  greater 
nbundiiiic-t'.  tlic  richer  the  glands  in  grtinulc?. 

\Vc  (iiid  theri'forc  the  snnie  state  of  iiffnirs  in  the  cells  of  the  gastric  glands 
as  in  the  snlivary  glands.  During  the  fasting  period  a  substance  is  laid  down 
in  the  chief  cflls.  whicti  in  fresh  preparations  appears  in  the  form  of  granules. 
During  the  iirt  of  sivrtMion  this  substance  i:>  gradually  us«l  up:  at  the  same 


time  a  nftw  formfttion  of  the  subatance  ie  going  on.  a*  we  know  fmm  (ho  fact 
tliat  the  penvnlap;  of  pepsin  of  the  mucosa  increa^s  again  after  the  ninth 
hour  uf  digtiiition. 

C.    WHY  DOES  THE  STOMACH  HOT  DIGEST  ITSELF? 

S^vernl  liyi)iit)R>»i-?t  linve  betrii  put  furward  to  accouiil  for  tliu  fa<!t  thil  the 
atomsch  does  nvt  diKt^t  itself.  The  mucus  of  the  atomach  niiffbt  act  as  a  kind 
of  varnish  to  proiuci  ihc  mucosa  itsulf  from  lliu  aftiuii  of  tht-  tru^triu  juice,  or 
thp  fpithrlhim  nf  thr-  muniHo  mii;hl  preserve  the  undirlyinR  iiiirtu  in  Home  way, 
or  the  (fflstric  juicr  iiuRht  lie  nculrnlizt-d  by  the  (ilkalinity  of  iho  blood,  or  the 
mucn-iii  mipbt  l»o  nliMilvcil  frum  the  dejttnirtivo  Botiini  nf  the  Rftslrir  juice  by 
its  abBorplioti.  However,  many  objet-tiona  cau  be  urged  8Kaii"<t  atl  of  these 
h.vpotJK'8e»  08  well  tut  the  experimental  facts  uuJerlyiiiK  then),  end  the  question 
was  left  to  a  ctTlaiii  oxtciit  undcMtided  by  simply  assuming  that  Ibe  proteolytic 
enrymcs  cannot  act  upon  the  livinfc  ocIU  of  the  saraf  bridy, 

A  nearer  approach  to  an  explanation  seems  to  have  been  attained  in  Wein- 
landV  ili«ctn-ery  of  nn  HiitL|H-ptie  ntid  antitryptic  action  of  the  stomach  «ii<]  iiiteft- 
tinal  miicosfl.  This  action  is  pmbabty  due  to  nnticniymes  which  arc  found 
throuKhoui  the  whole  nnlmaE  scale,  and  occur  not  only  in  the  intc^ttinnl  tract 
but  also  in  ri'lls  of  other  orKans.  Aa  inenliiined  at  pagti  155,  Buch  anLieuz>'iii[«t 
arc  present  aUo  in  the  blood. 


§4.    SECRETIOIf  OF   PANCREATIC   JTHCE 

A.   SECRETORY  SERVES 

That  the  secretion  of  pancreatic  juice  is  to  a  certain  extent  under  the 
control  of  the  f«-ntriil  ner\oiis  system  was  rendered  rery  probable  by  the  fact, 
acfortuinoil  by  ileideiihuin,  lltnl  it  ran  Im*  slarlwl  up  or  accelerated  by  elec- 
trical fliinulattoi)  of  tliv  jucdulla  oblongata.  Later  Fawlow  succeeded  in  com- 
pleting the  evidence  oj"  secretory  nerve*  to  the  panerens, 

Tktst  nerve  fibers  traverse  the  vaffvs.  If.  with  the  observance  of  certain 
pMCtntions  which  are  neeewary  to  shut  out  Ihe  restraining  influence  of  vari- 
ous sensory  stimuli.  Ihe  vaj^U:^  be  t<tiriiulfil(Hl,  n  more  or  lesA  active  secretion 
of  pancreatic  juice  if*  jilaiidy  demonstrable.  The  vagus  altso  conveys  fibers 
which  inhibit  the  paniTcatic  secretion. 

The  gplanrhnir  likewise  cnntainti  secretory  fiber*  for  the  panrreait,  but  its 

taction  ill  much  le*<  |w>werful  than  that  of  the  vaKua  (Kudrewet»kv>. 
Soennion  nf  the  pancreatic  juice  in  the  herbivorous  animals  is  continuous 
—a.  tvudition  doubtless  connected  with  the  continuous  ehamcter  of  di^tslion 
in  the^'  flnimal.H.  In  the  camivora  it  u  intermittent,  and  (in  the  dojj)  the 
first  drops  How  fn)m  the  duct  one  and  one-half  to  three  and  on(?-half  minutes 
after  eating.  In  man  also  n.  rise  occurs  after  eating  and  reuclm,-i  its  ma.\imum 
in  the  fourth  hour,  from  which  time  on  it  nrraduallv  falU  (Glaessner;  Fig. 
1(W). 
To  what  extent  (he  Hwn-tion  of  pancreatic  jnire  i»  causeci  like  Ihat  of  the 
gaattic  juio^  by  slimuti  from  Ihe  mouth,  or  what  role  Ihe  psychic  factor  plays 
in  the  process  must  remain  for  the  present  undecided.  However,  iitill  another 
influence  is  of  far-reaching  im|H>rtnnce  here,  if  an  acid  (no  matter  what 
lJ 
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Fin.  UN)  — Thr  counw  of  pMitcrcMtie  nccrrlton  In  mim, 
alfr  B  tuc«l  coiiaiiifinit  ot  ttuti[),  luval,  and  ruIlK,  aflcr 
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f>ne)  III'  inlrfxluwil  into  the 
iluodenuiii,  nfter  a  «hort 
latent  period,  n  eopiou!'  se- 
cretion of  jianercatic  juice 
U  jjoiired  tmt.  The  acid 
gastric  juice  flowing  through 
(lie  pylfinin  olivionsly  must 
hove  exaolly  the  i^ame  effoct 
((iottHch,  Pawlow).  Aswmn 
as  the  pyloric  sjiliiiicler  opens 
ami  KtiKtric  juiee  pourx  out 
inlii  llic  fimall  intestine,  ihn 
eonJitionw  are  present  for  an 
ahundaiit  llov  of  pancreatic 
jiiiee. 

Tliia  iiinui-nce  of  aeids  is 
benulifully  eonliniied  by  the 
fuel  that  a  How  of  pancreatic 
juice  cauM-cI  by  the  (lastric  secretion  ia  reiiueed  eonMitlerably  when  the  stomBoh 
contents  are  npulralitt'd  by  adraini.j'trntion  of  alkaline  fluids. 

Since  (lie  Tagus  caused  the  flow  of  ga-tlnc  juioe  alao,  it  might  be  thouRlik 
that  the  i<ecr«tii)n  uf  tlie  pan- 
cn^aa  under  the*  induttice  uf 
thi«  nerve  hcifiiiii  otily  under 
the  Atimulnting  aotinn  of  tho 
acid  Kaitlric  juice.  Uut  ihiK 
18  nol  tme,  fur  uu  artificial 
littmuUilion  of  the  va(ru»  the 
panereiiH  beffina  to  secrete 
aoanrr  than  Ikf  nlomach,  and 
l)«*i<tej*,  thi'  [Hinerestie  Jtecre- 
tion  make*  its  appearance 
evt'ii  if  the  |iyloru8  be  firui- 
ly  lifcntcd  so  iu*  tii  prevuiit 
any  paA^tatte  of  ftoi^tric  juice 
(Popielski). 

Water  and  neutral  fat" 
in  the  intestine  are  men- 
tionwi  hy  Pawhiw  n^t  apeoial 
excitants  of  the  panfrratic 
accretion  (in  man  adminis- 
tration of  ful  was  willitiut 
effect);  other  authors  have 
succeeded  in  imlucinK  a  se- 
eretion  hy  mran.-^  nf  mus- 
tard, pepper,  chloral  hy- 
drate, ethur.  etc. 

Fonnerly  it  was  Huppnt^ed 
tliat  this  secretion  i»  in  the 
nature  of  a  reflex  and  ia 
mediated     by     the     afferent 
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doK.  sfler  fMttinic  exrtiimvrly   irilli  tncat,  with  bnruil 
and  with  milk,  tiilcr  Wklilier. 
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nerrcA  of  the  Hmall  iulv«tiue.  It  could  be  pointed  oui  in  Biipport  of  this  view 
that  injection  of  acids  into  the  rectum  or  diwctly  into  tho  blond  moked  nu  B«vre- 
tioii,  and  tlml  ihereforr  (ho  (tlunds  could  not  bt-  tttimulalt^-il  fmm  thi-  blood.  Bay- 
liss  and  StBrlinir.  however,  ubson-wl  that  an  extract  of  the  intestinal  mucous 
mt-mbrniK-  witb  IICI,  iuje<rte<I  into  » 
vein,  called  forth  tin;  iiiincrcalJc  secre- 
tion at  otiL'C.  Tlif  ucid  dissolves  out  of 
tlic  niiK'ous  nieirdirHNi*  »  subtitiiiicc,  not 
destroyed  by  boiling  nnd  vailed  by  the 
nulhor*)  jrp£rr/in,  whiidi  in  their  u|nnioti 
acts  spccificnlly  upon  ihe  poiiercflii  and 
coit^tiltitPH  the  only  iinturnl  cause  of  ilH 
M^cH'tory  activity. 

Beyond  all  doubt  tecretin  h  a  |h>w- 
erful  excitant  of  ihc  imncrcHtic  wvn'- 
tion;  but  its  specific  iiulure  ti«  denied 
by  i-i'veral  uullion*.  Sincf.  however,  CO, 
from  the  small  iiuestine  also  produces  a 
flow  uf  puncrealic  juic(\  and  iberc  is 
of  course  no  B«;rMin  extract  of  the 
tnueoMi  in  thiit;  Aince.  further,  the  acid 
introduced  into  an  intestinal  k^ip  hH>i 
uu  exciiitiK  action  on  llic  pancreaf^,  even 
when  the  %'pnoufl  blood  of  thin  loop  is 
divcrtc<l  and  the  thonicic  iluct  is  lied 
off,  one  is  juMified  in  the  assumption 
Ihnt  ou  introduction  of  acid  into  the  in- 
lestine  the  Bccrction  in  prtntlucfd  partly 
by  a  reflex  set  up  by  I  he  nciil,  nnd  partly 
through  the  secretin  iu  the  bloo<l. 

Nothintr  definite  can   be  said   con- 
ceniinu  the  nen-e  centers  of  panen-atiu 
secretion.     Thf  obM^rTatiooa  which  pur- 
ported to  demoniitrate  refleji  centeni  in  the  ftland  itself  arc  no  longer  convincing 
since  the  disooveiy  of  secretin. 

The  hourly  course  of  the  seorction,  which  apin-ars  t«  Ir'  conijceted  with 
variations  in  the  discharge  of  the  stomach  contents  into  the*  intestine,  ai«  well 
a-*  the  amount  of  the  diffcront  enzyme*  present  in  the  secretion,  shapes  itself 
meeonling  to  the  food  ingested,  as  may  best  be  seen  from  tlic  diagrams  in 
Figs,  lor  and  108.* 

From  these  dinprama  it  is  evident  that  the  ahsniule  rate  of  flecrelion  fnl- 
lowinjf  ntilk  is  different  from  that  following  the  ingestion  of  meat  and  bread; 
that  the  content  of  amylolylic  enzyme  is  considerably  greater  for  bread  than 
for  meat  and  milk,  and  that  the  content  of  steapsiu  ia  much  greater  for  milk 
than  for  meat  and  bread. 

The  total  i|iiflntity  of  niiro|ren  which  is  (riven  off  in  the  pancreatic  Jutec 
duriittr  a  [M'ritMl  of  di|r<'Htion  rarim  much  witb  different  {(kkI*.     Itt  fact  u-ilh  the 
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Fio.  ins. — Tli«  rn»y-tn™  nf  ijanrrmtir  jiitrar, 
ftrirr  fr<-(iinR  exrluaitdy  with  mral,  with 
IiivmJ  mmI  villi  nulk,  afler  WnllUer, 


'  With  rctfard  to  Fijr.  108  U  Bboiild  be  mid  ttiat  the  oheprvaliona  there  rrpreamted 
werr  made  before  the  discovery  of  mlerokinoM,  and  give  therefore  only  the  manifoit 
trypsin  content  of  the  juice. 
18* 
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8ani«  nmoiinl  of  N  in  the  food,  it  is  about  twiiN-  as  great  for  lin-jul  as  for  niiUs 
or  lunuX,  uiid  ill  tin,-  former  oa»e  rises  to  about  oiit-fifth  tin?  Amount  of  N  ingeHred. 
Ill  a  enruivfirous  iinimBl  likt*  the  d'lK,  (lie  tiin^rsiion  uf  bread  seems  to  oaII  for  a 
inueh  greater  L'fforl  oil  the  port  uf  llie  painrretw  thwu  llie  digestion  of  meat  or 
of  milk  (Wallher). 

B.    MORPHOLOGICAL  CHAHGES  IB  THE  PARCREAS 

Kiihno  ntitl  Lea  observoJ  direelly  on  the  llviutj  rabbit  the  changes  wliitrfi 
take  plaee  Jii  tht-  ecllft  of  the  paucrca^  tiuriug  secretion  (Fi^t.  109).  Wlien 
seoreliau  iHfgin-  a  change  of  form  eonif*  over  the  ct\h,  wliicli  is  exproiwcd  in 
a  sinking  eliange  of  confi^tration  of  the  tubule.  While  in  tho  inactive  htato 
the  latter  aiipears  perfeclly  snioolh  oq  the  outer  edpe.  during  activity  convex 
swcHingrt  which  eorrespond  to  the  wparate  cells  hceome  visible.  The  re-4tiug 
celis  form  an  optieally  cuntinuouii  picture  within  the  tubule,  but  the  active 
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Flo.  100. — The  puirrroK  of  ihr  mhblt.  n.*  rihrtcr\'i>(l  m  thi^  living  antmsl,  nft«r  KtUinr  and  Leo. 

A,  FMling  atftto;    /J,  iwjrmioii. 

cells  are  marke<l  off  from  one  another  Ity  slmrp  and,  for  the  most  part,  dfinhle 
boundary  lines.  Likewise  during  (bo  active  condition  the  Hlriationi^  in  (he 
outer  zone,  running  from  the  ha-e  towar^l  the  inner  lionler.  !<taiid  out  more 
clearly.  The  granules  of  the  inner  zone  withLlraw  gradually  from  the  region 
of  the  nucleus  toward  the  Juineu.  become  smaller  and  softer,  and  finally 
disappear  altogether. 


§5.    THE   LIVER   ATTD   THE   SECRETION   OF   BILE 
A.    GEHERAL  PHEBOMEHA  OF  HEPATIC  SECRETION 

The  swretinn  of  bile  differs  from  the  other  i^ecrelory  prnctwses  thus  far" 


^1  Ull 

H  studied.  priniHrily  by  being  vonliniwuf.  but  aliHj  by  Ihe  fact  llial.  nolwilhstaud- 

I  ing  many  re-*earche»,  HPcrriary  nervm  have  not  yet  Iwen  found  for  Ihe  liwr. 

H  In  this  re«i>ecl  there  is  eomijlele  a«rpenienl  betttTen  the  bile  and  the  iiriiiP. 

H  and  one  iniKht  .-iiippoiie  thai  these  two  wcretory  |)roces*es  do  not   require  the 

H  eoiieratinn  of  seeretoi-y  nerx'e*.  since  in  order  to  diseharjire  their  fnnetinn  cif 

K  removing  excretory  prodiietft  from  the  bodjr  they  must  go  on  continuously.     As 
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far  ao  the  kidneys  ktv  concerned,  we  \uiow  iadved  that  certain  diuretic  substances 
in  tliL-  blout]  iiatL-iii'if.v  itic  >)ocrvtit>ri  of  urine  iiiiit**  indi^iii'iHlttiitl.v  <if  ihc-  iicrvnnK 
9j-stcm.  It  I*  potwihlo  that  thp  Mmf  thiiiR'  U  tnie  nf  the  !iv<>r  nnd  lliut  Ikto.  as 
pnibably  in  Iht-  kidneys,  tht-  rc(ful»tioii  of  sL-ci-i-tioii  is  tlw  result  of  n  vasomotor 
iiitliieiKv.  HnwfviT,  thin  cuiiidusioii  due*  iiol  exeludt.'  tht-  |Hi!>Hibilil.y  nf  wine 
c(>nln>UinK  iiillui'iH-c  by  swrctury  ncr^-us,  for  fxpurituicv  with  ihn  wi-n-torj-  npr\'<'s 
of  the  Atuniach  uiid  ixiiicrfos  teiiclies  that  the  Ksulta  of  stunulatiun  may  be 
entirely  niuHkeil  by  various  differcnl  circumaiancca. 

Although  tlic  secretion  of  bile  f^ofs  on  rontinuonsly.  it  nhaw^  certain  veria- 
tioiu  which  arc  uol  yet  satisfactorily  cxplatactl.  Indeed  the  slalcnienU  of 
fact*  theriiwlvf!*  exhibit  a  difTew-iiw  in  tnaiiv  puints.  which  i;-  hnt  little  jirntify- 
iug.  Tilts  much  apiicani.  however,  from  Uic  ohi*crvali(mti  at  liniid.  tiitil  Ihe 
fooit  fj-'-rtf  an  impitrUmt  infiurni-c.  The  c|uaTili[y  <»f  biW  fccretwl  id  least  in 
foKtin^  and  dcrlincii  steadily  as  the  period  is  prolnti^-d.  The  increase  cffwted 
by  the  food  depends  in  the  first  plaL-e  upon  the  kind:  meat  cau)«ing  a  consider- 
able inci'easo,  carlwhvd rales  cauiting  little  i>r  none  nt  all. 

Kv(>n  in  fH.-fling  the  secretion  of  hile  varies  from  hour  to  hour  After 
fctrdinK  meat  tliu  ri^;  mentioned  above  doeii  not  appear  at  onct\  but.  as  a  rule, 
only  after  the  lapse  of  twenty  In  thirty  niiiintes.  The  latent  perioil  is  «till 
longer  after  fi<eiling  fat.  Statements  disagret^  as  to  when  the  maximum 
occurs. 

Thirt  long  latent  period  is  nf  groat  iniportanw  for  our  theoretical  con- 
ception of  llic  caus(>s  of  the  accretion,  and  itecms  to  ?pcak  decisively  for  the 
\iew  that  the  incri-as^'  result"  frf>i>i  an  i-veiting  iiiflnenci-  of  siiltstant-cs  nltsorUnl 
from  the  Hiirtu'ntnry  cHnnl,  and  that  these  .•iubstances  act,  Ihercfnro,  directly 
on  the  liver.  Whi-ther  this  view  aclnally  reiin>K!nls  the  truth  of  iho  niatlcr, 
or  whether  Ihe  increase  in  Uic  secretion  of  bile  which  is  to  Imj  olntcrvcd  after 
le«ling  is  due  to  a  wflex  effect  upon  vasomotor  or  jtecrctory  nerves,  mu^t  for 
the  present  be  repardwl  as  another  open  i[uestion. 

The  ilirrrf  Htimuliilinn  of  the  /irrr  by  hilc-pr<»ducing  (cbolagogic)  aub- 
stanees  is  illustrated  further  by  tiie  following  facts  to  which  Srhiff  first 
directed  attention.  If  Ixtth  a  biliary  and  an  intestinal  fistula  have  been 
wtahlishcd  in  a  dog.  and  the  hile  obtained  from  the  former  lie  Jtiject<-d  into 
the  latter,  or  if  n.\  hile  be  u«k1  for  the  same  pnrpnse,  a  considerable  increase 
in  the  anioiinl  of  bile  (lowing  from  the  biliary  tistnla  is  ohtatneil.  Schiff 
eiptained  these  facts  by  saying  Ihat  the  injected  bile  was  abHorhofI  from  the 
intestine,  cauiu  to  the  liver  and  was  again  secreted. 

We  have  direct  proof  of  the  corrtH^tncKs  of  ihia  view  in  the  fact  that  ahpcp'a 
bile,  when  injtvte<l  into  a  mwrnterial  rein  of  a  Aoft  whotto  hepatic  arteries  have 
b*en  tie«l  off.  is  secreted  in  the  bile  nf  the  dog  nnd  can  be  demonnlratMi  by  the 
BpeclpoBcopic  test  for  eholohematin.  which  occurs  normally  only  in  lli«'  bile  of 
the  sheep.  At  the  same  time  the  ab«otute  quantity  of  bile  rises.  Bile  nr  bile 
sallii  piren  by  the  moutli  have  the  .same  effect.  The  percentage  content  uf  twlida 
risea  at  the  »arae  lime  <Spiro  and  Voit). 


B.   DEPERDEnCE  OF  TBE  SECRETIOH  OF  BILE  tIPON  THE  BLOOI>  SUPPLY 

TJjc  mippttf  of  blood  lo  the  liver  manifei^ly  influences  the  aecretion  of 
bile  tn  a  couaiderabic  cjctent.    If  the  general  blood  pressure  he  reduced  mark- 
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ediy  hy  bkHxliiig.  th«  (juantity  of  bile  netTeted  is  diminis'lu'd  ;  al  the  same 
lime,  however,  tiic  percentage  of  snlids  inorftft*es.  Cutting  dnvrn  ihi_-  supply 
of  hlnod  l)y  lying  olT  wjveral  liranelies  of  the  portii!  v'»'iTi  Itkowisc  dimiliiBhiw 
(lie  secretion.  Am}  when  the  vena  t-ava  iufurior  is  t;niiiprt'Sfiwl — so  that  the 
volume  of  IiIckm!  pniwing  through  the  liver  in  a  unit  of  time  is  materially 
reduced — the  same  result  b  obtained. 

The  Booretlon  of  the  bile  deeline*  on  stimulatinn  nf  the  spinal  cord,  beenuse 
of  excitation  of  the  TasomriNtrictiir  iirrvps  to  The  ahuJumiiial  vit^rern,  atwl  a  oi>n- 
kM«]tieiit  full  in  ihf  bliHxi  »uppl.T  t"  'ht-  liwr.  Kictiuu  nf  the  tvrvk-al  cord  pnc 
duces  a  (TE^iierat  full  of  pressure  IhruuKlH'Ut  tho  vaHCuIar  Mysteiii  and  is  aec<iin- 
Ijauied  by  ti  di-fliiic  in  Ihi*  uutpul  of  bile.  The  uui|iut,  mi  Ibc  nthor  hiiiul, 
increB)w»  afti-r  w'ctinii  of  the  ppliiiiphnio,  iMM-aum',  in  npili^  nf  thi'  fnll  In  peneml 
blood  pmnjurc.  the  bJood  supply  to  the  liver  increases  on  aecount  of  the  dilatation 
of  thp  portnl  ves!*ols. 

The"!'  and  other  kindred  facts  can  be  fully  explalucd  by  Tariations  of  blood 
supply  «nd  rontnin  no  proof  whatever  thnt  ihe  seerelion  of  bilo  is  direetly 
alTeeled  by  neen-Uiry  nerves,  ll  ia  pu^lhle  aim)  Lhal  ihe  rise  of  the  seerelioii 
montionfid  by  some  aiiihora  as  lirpinnins  Khortly  aftrr  ihp  ingp^tion  of  food,  \a 
produced  by  the  dilatation  of  stomach  and  intestinal  vessels  during  digestion. 

We  may  summarize  the  facts  thus  far  discussed  as  follows:  The  liver 
accretes  bile  continuously.  This  secretion  is  intensified  by  abundant  supply 
of  blood,  alsn  by  certain  bile- producing  substances,  especially  the  digestive 
]iroduet.H  of  prttteids.  There  is  yet  at  hand  no  single  oh;«ervation  which  would 
]M*rmit  us  to  s|)enk  of  any  influence  of  secretory  nerves  on  the  liver.  Like 
the  nlher  *ligeslive  fluids,  bile  represents  an  elaborated  product  of  the  secret- 
ing cells  of  the  gland,  for  its  specific  cons1itucnt.s  do  not  orcur  in  the  Mood. 
The  sfY-rction  prepare  of  the  bile  also  is  higher  than  the  blood  pressure  in  the 
poirtal  vein. 

Since  the  liver  receives  bloc-d  from  several  sources  (hepatic  arterieB,  portal 
vein  and  by  return  flow  from  the  inferior  vena  cava),  it  Ih  of  interest  lo  inquire 
whether  any  one  nf  these  vessels  is  indiapeiisnbln  tn  the  pntdnelioti  of  bile,  or 
whether  all  three  fan  miiintiiin  the  secretion  indepeiuiently.  On  closing'  off  ihc 
heiiiitic  arteries,  sp<Tetinn  still  takes  plare  in  abundniirc  Likewise  after  liga- 
tion  of  the  portal  feedinir  one  of  the  lobes  of  the  liver,  ibe  arterial  brunch  «up- 
plyinK  the  Aiime  lobe  alone  iiiedinK^  Ihe  seeretion.  Kek  ha^  shown  that  by  nn 
oixTatiou  (Eek  fistula)  the  porta]  hl<Hnl  can  be  condueled  din'etly  Id  ihe  inferior 
vena  cava,  thn«  evading  the  Hver  altopether;  and  Stolnikow  has  found  that 
itecretion  of  bile  eontinuca  after  HUch  an  operation.  This  sct-i'etion  oceurs  at 
least  ii)  part  at  the  expejise  "f  btuod  flowing  baekwHrd  in  the  hepatic  veinx.  For 
if  the  hepatic  artery  is  tied  ofE  after  the  new  routi?  for  the  blood  is  established, 
the  secretion  Htill  eontinuea  It  tvaspH  however  when  the  hepaiie  vein  in  addi- 
tion is  lied.    Either  kind  of  bloi^id  tliercfnrc-  w-ems  to  be  suffieicnl  to  produce  bile. 

The  liepatie  artery  BupplJes  the  tcall  blndder.  the  bile  diict!^  ariil  the  inter- 
lobular branches  nf  the  portnl  vein  with  blood  through  its  t'Ltn  nutrHia.  When 
these  are  ligated  and  the  arterial  blood  supply  thus  completely  stopped,  multiple 
necrotic  fiK-i  make  fhcir  apiwnrance  in  the  liver.  From  the  larger  foci  eysta 
develop:  the  smaller  ones  become  transformed  Into  connective  tissue,  aud  are 
followed  iinally  by  an  hepatic  cirrh4:>sis. 

When  the  discharge  uf  bile  into  tlie  intestine  is  prevented,  the  bile  is  reab- 
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sorbcd.  It  does  not  paw  dirvctly  from  tlw  bilUry  <luctB  iato  the  blood,  but  is 
taken  up,  in  part  nl  Ic-aet,  by  ilic  lymphatic  ve»»eU.  If  the  thoravii-  duct  at  well 
as  tfa«  bik'  durt  Ik>  ticil  off,  it  niiiy  hiippeii  thuc  no  i;uD»titueritB  of  the  bile  will 
pass  into  the  blood  cntirlry) ;  biit  there  are  gtatementn  t«  the  effert  that  even 
under  thi'se  cirruiiitiiHiieeM  they  may  firnd  their  wajr  into  the  j;eueral  clrculntion 
iWcrtlieiiuiT  uuil  lA'pagu). 

C.   IBB  DISCHAEOE  OF  BILE  IH  DIGESTION 

When  (ligetitjoii  U  nut  ^'oing  on  tliu*  seri^tod  hilc  i>oIk'etA  in  the  (piII  blad- 
der; there  it  lose*  water  and  IxA'omw  thicker.  Neither  IhhIiIy  movements, 
nor  movements  of  the  aliraentar)-  canal,  failing,  nor  appetite  have  any  effect 


no.  1  to. — Th«  twi^urly  toumi  i>(  tlii.'  dincliu-Ki:  u(  bile  tntu  thv  ukUMtiuc  ut  Uiu  du|t.  followtna  fal- 
pvlkiii  of  (lilTprr'nl  tiMKifi,  ii/tpr  llruntt.  '  dmibI  ;  - bread; .milk. 

in  causing  the  gall  bladder  to  empty  its  conlenht:  the  bilv  b^ios  to  flow  from 
the  bladder  into  the  intestine  only  at  the  lieginning  of  digc^^tion. 

The  outflow  of  bile  into  the  intestine  i^  adupted  to  the  immr^into  nNiuire- 
ments  by  the  following  mcehaniamii.  The  diAeharge  of  bile  from  the  du<rtua 
eluiledwhui*  i«  ruiitnilled  by  a  »iH*eiMl  *|»hineler.  The  ^^11  bladder  nnd  the  bile 
duct  itosaesa  rtiusrlcn  which  «re  under  the  influence  <^f  the  cplMiichiiic  nerve.  It 
ia  said  thai  the  ilLUHiciml  sphincter  of  the  durtuit  c-htiltNlochui*  M  irnierviil«l  by 
the  vrtjTUH.  Pheiiomeiin  wittu'ssed  on  atimulntion  of  the  »planohnic  nhow  fnr- 
ihc-r  thai  the  K"II  lilnJdtT.  an  well  a«  the  duelUH  eholwlochu.-*  and  the  sphincter, 
may  be  rellexly  ■tibiti.'ti.  AKxiti  by  central  stimulatiun  of  the  vnirut.  rellex  con- 
Iravtion  of  the  kmU  blad<ler  and  rclaxalinn  of  the  sphincter  may  be  produced. 

The  evneuniioii  i.f  ihc  gall  bladder  and  ^ht^  disrharKe  of  bile  in  disi-i^lion, 

kaecimlinK  lo  Bnmo.  are  elieit*'^!  by  the  pHAnnge  of  the  stomaeh  conienta  into  the 
inlestinc.  The  «uhiitanee«  aelive  in  thix  »re  the  diffetitive  produciA  of  proleidn, 
r-xlraelive*  of  ini^lt  an<l  fats.  The  carbohydrates  evoke  no  <lii*chaiwe  of  bile. 
Since  the  pasRHjie  of  the  j'toriineh  eontenlti  into  the  intestine  is  K"verned  by  Ihe 
kind  of  food,  ihe  diss^-hnrpe  of  hile  is  naturally  different  for  different  foods,  as 
apjieflRi  nliu>  from  the  diaKrnm  in  Kir.  110. 


With  rcitport  in  the  pTopertiep  of  the  bile,  it  dhonld  be  mentioned  that  the 
porlioDs  first  di^ieliarp^I  are  thicker  than  lliat.whirli  eomtv  later,  because  the 
fonner  conie«  from  the  gall  bladder,  while  Ihe  latter  t«  freshly  secreted. 
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§6.    THE  GLAHDS  OF  THE  IITTESTIHE 

A.   GLANDS  OF  THE  SUALL  JSTESTmE 

In  fasting  animals  scarcely  any  secretion  of  intestinal  juice  takes  place. 
But  if  the  intestinal  mucosa  be  stimulated  directly,  either  by  mechanical, 
electrical  or  chemical  means,  or  if  food  be  ingested,  it  makes  its  appearance. 
Whether  an  isolated  loop  of  the  intestine  into  which  no  food  can  pass  begins 
to  secrete  without  direct  stimulation,  must,  in  view  of  recent  discoveries,  be 
regarded  as  very  doubtful. 

If  the  nerve  fibers  running  in  the  mesentery  beside  the  blood  vessels  to  en 
intestinal  loop  be  cut,  either  immediately  or  after  some  time,  an  extremely  abun- 
dant secretion  appears  in  the  loop,  whereas  the  adjacent  parts  of  the  intestine 
outside  of  the  tract  deprived  of  its  nerves  show  nothing  of  the  kind.  This  secre- 
tion, which  may  reach  the  enormous  value  of  one-eleventh  of  the  body  weight, 
continues  for  some  hours,  becomes  somewhat  scanty  after  four  or  five  hours,  but 
does  not  cease  within  twenty-four  hours.  At  first  the  secretion  is  quite  clear, 
containinff  no  Bolid  flakes,  or  at  least  only  a  few;  but  as  time  goes  on  the  quantity 
increases  so  that  finally  a  veritable  "  pap  "  is  produced.  At  times  the  secretion 
is  milky,  like  a  thin  gruel,  and  contains  an  abundance  of  intestinal  epitbelia 
(Morcau).  Somewhat  similar  phenomena,  more  or  less' degenerative  in  character, 
make  Iheir  appearance  after  extirpation  of  the  ca>liflc  plexus. 

It  is  not  easy  to  explain  this  secretion.  We  might  regard  it  as  primarily  a 
transudation  of  fluid  caused  by  the  vasodilatation,  and  not  as  a  true  process 
of  secretion  at  all  if  our  knowledge  of  transudation  in  general  did  not  speak 
decisively  against  such  an  explanation.  If  it  were  an  actual  secretion  of  the 
glands  of  Lieberkiihn — a  view  which  is  confirmed  by  the  properties  of  the  fluid — 
it  were  easy  to  assume  that  the  nerves  whose  section  produced  the  hypersecretion 
exert  a  tonic  influence  which  inhibits  the  glands.  When  the  glands  escape  from 
this  inhibitory  influence  they  fall  into  the  condition  described.  This  hypothesis 
assumes  that  in  the  intestine  itself  conditions  are  present  which  would  set  the 
glands  in  excessi%'e  action,  if  they  were  not  restrained  by  the  nerves.  But  we 
know  nothing  more  about  it.  Meantime  let  it  be  remembered  as  was  remarked 
concerning  the  other  digestive  glands— the  paralytic  soerction  of  the  salivary 
glands,  etc. — that  certain  phenomena  have  been  observM  which  point  to  such  an 
inhibitory  influence. 

Other  than  this  we  have  no  knowledge  of  an  ultimate  influence  of  the  ner- 
vous system  upon  the  secretion  of  the  intestinal  juice.  Vagus  stimulation  thus 
far  has  given  only  negative  results. 

So  fur  as  the  few  .scattered  observations  on  this  subject  fjo.  the  secretion 
of  the  lower  part  of  the  small  intestine  seems  to  bo  more  abundant  than  that 
of  the  upper.  It  is  slated  also  that  the  quantify  of  slimy  flakes  in  the  upper 
parts  is  prenter.  These  flakes  consist  essentially  of  swollen  cellulnr  elements 
(epithelial  colls  and  leucocytes)  and  of  dei^quamiitod  cells  underfjoing  fatty 
degeneration. 

If  the  two  on<ls  of  an  isolated  loop  of  the  intestine  ho  sewed  together  and 
the  iulestinnl  ring  thus  formed  bo  lowered  into  tlio  abdominal  oiivity.  one  finds, 
when  the  animal  is  killfil  some  months  Intc-r,  tliat  tlio  intestinal  ring  in  filled 
full  of  (J  spml^oUi!  mtina  (Tlermjftm).  This  mass,  like  tlic  abo^-o-mcntioned  flakes 
in  Iho  intestinal  juice,  consists  of  dead  cellular  elements.     It  appears  therefore 
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tts  if  cc-lU  o£  tlu!  mucous  menibrHnc  perioli  in  srcat  aumbeiv,  eveu  if,  us  in  Huh' 
case,  im  fotxl  or  aii,vtbiri(i  of  the  kiiwl  comes  into  the  intcstiiif.  Ni'rvertliplees, 
this  couclu»ioii  IB  not  quite  deUnitely  csubliithcd.  for  il  oaiinot  be  niainlaiow] 
that  the  i^iolau-d  loo)i  is  in  a  pvriwtly  nornial  condition.  And.  in  fact,  Klerki 
hu  obwrvffl  that  if  \w  waslicd  the  intwtinftl  ring  toleraM.v  frrr  uf  Bacteria 
will)  borucie  afi«i  und  artilicial  itastric  juiw  before  HvwinK  il  up.  antl  if  in  the 
furlbvr  cuurse  of  the  L-xperimvut  uu  ]>ulhol[»fi:ieaI  chaTiKe^  of  any  kind  mncle 
their  nppt'arHiice,  he  found  ufter  llie  liip.'«<'  of  mure  than  iwi)  monllM  rmly  n 
flcatity  (leponit  of  ycllowi^ili,  sticky,  wnxlikp  substance  adherent  to  the  surface  of 
(he  Dicmbrant.  Thin,  like  the  conK-uts  mentioned  above,  consisted  mainly  of 
de»quaniHted  intcKlinal  ciiitbelial  cells, 
but  was  by  uo  meaiu  so  abundant. 

/fi.-'totoffifai  xtudifs  of  the  j;Iands 
of  Lteix'rkiihn  have  shoivn  that  their 
fuodic  ce!U  have  the  some  inorpho- 
toginil  chnracter  a^  the  cells  of  tlu* 
other  digeiitive  glnutli*.  Liki'wiiii>  in 
thone  the  preliminflr>-  siiijfw  of  the 
(Wn'iiim  flpf>ear  in  the  form  of  gran- 
ules which  (iradually  increase  ia  size 
and  finally  pass  over  into  the  !<ocretion. 
Thrse  (T'lls  arc  vori-  charply  dii^tin- 
/™it!.hed  by  their  properties  from  the 
mncoint  cells  (jinblel  cell')  of  the 
inlt^tiiial  ejiithclinni  (W.  MiilliT). 

B.    THE    GLAFIDS    OF    THE    LARGE 
WTESTmE 

The  jjlandi*  of  Lteberkiihn  in  the 
lorgc  inteMine  do  not  w-crcU'  a  di^-cl- 
ive  fluid.  The  pro[>erti(*<  of  their 
spcrelinn  hnve  htfrt  studied  by  mak- 
ing; an  ojienirif:  into  the  larjfe  inte«- 
tiniJ  and  introducing  various  sub- 
slanceii  inHosod  in  -iniflll  aaoi  of 
network.  It  hn^  been  found  in  Ihis  wny  that  neither  fibrin  nor  starch  ia 
di(te»ted.  The  fteca-lion.  which  i*  Imt  i*<'anty,  i-  h  water-clear,  .wlorle-s,  thickly 
getaiinouii  and  ltti^k^'  ma«*  of  neniral  reaotion,  containing  turhid  Hakes  nf 
vftrions  Bizes  (Klup  and  Korerk). 

The  secretion  of  tlie  krpe  intestine,  therefore,  plai/ii  no  purt  In  digestion. 
The  mueut*  conlnined  in  il  prohnhty  wrves  In  facilitate  the  pasMpe  of  the 
tnte«liiuil  contents  which  have  heeome  thicker  by  the  aUorption  of  water. 

If  the  ninoons  memUrane  of  the  larjje  inte.'^tine  be  slndiinl  under  the  niicro- 
aeope.  after  injection  of  pilocarpine  into  the  animal,  the  plaruU  are  seen  to 
be  composed  of  ih-1U  which  are  i-trikinply  like  those  of  the  c'tind.-i  in  the  ■.mail 
intestine.  In  alcoholic  preparations  therclU  of  lioth  are  ?Tnall.  lon;cit"'1'')"'^.v 
Btriated.  and  conUin  niund  or  oval  nuclei  (Fig.  Ill,  A).  After  prolon>rcd 
r«5t  the  glands  of  the  large  inteetine  prenicnt  quite  another  picture.     The 


Fio.  Ill — niuKla  nf  tlip  laTRv  inl«ilitie~ 
Ihr  tftbtnl.  aXti-r  ]|t^i<iMiti«tn.  .1.  aitor 
vcTv  BPiivp  iw^TPtion:  n,  uticr  a  long 
prriml  nf  rr*t. 
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prnw  mnjiiritv  of  the  tiilies  arc  cloiluni  frnm  base  to  mouth  with  cells 
whifh  haw  {roue  through  a  process  of  mucous  degeneration,  and  have  taken 
tho  form  of  gnMot  wlls^i.  c.  swollen  slniPtures  with  the  iiuck't  in  tin-  haiwl 
und  (F'g-  'II-  B)-  The  conienl.-4  of  the^M.^  ecltrf  hcliave  exactly  like  those  of 
the  typkat  inut-uus  cellx  (Heidcnhiiiii). 

LikfwUe  in  the  jtJandi*  of  the  «nmll  inte-itiiM?  are  frinnd  gohlet  rell*  be- 
tween the  true  epithelial  cells:  but  they  are  often  wanting.  Frcsjufntly  they 
occur  separately  ill  the  region  of  the  upper  end  of  the  tube,  rarely  also  at 
the  low(>r  end. 

From  then*  facts  it  follows  that  the  cells  duriiij;  re.-^t  umlergo  mucous 
dfijeniTaivm:  in  uetivily  the  mucus  is  dischargtd  and  the  cell  itiwlf  often 
perishes  in  llif  prmcsfi.  .Tu*t  in  wluit  cvU-iit  ihe  laircr  take*  place  lia!>  not 
been  finally  iletercninwl.  At  the  base  of  the  epithelium  are  found  here  and 
there  small  round  cells  which  are  looked  uiinn  ns  sul>slitiitrs  for  the  cells 
which  disintegrate. 


TIIIRn    SECTfON 


MOVEMENTS   OF  THE   ALIMENTARY   CANAL 


g  1.    MASTICATION 

Thp  mov<»nipnl«  of  mastication  an-  for  the  purpo-ie  of  dividiuff  the  food 
mechanieally  and  of  .<irtturatinfr  it  with  xativn,  so  thai  a  bolu-^  mnv  ite  pre- 
pared suitalile  for  >^WKllowijig.  Ma.*tiealion  \^  aeeonipli!<hed  by  nioveuients 
of  the  lower  jaw  against  ihe  upi>er,  the  morsel  of  fowl  being  placed  by  appro 
priaie  movenieiili*  of  the  tongue  and  eheeks,  Iretweeri  the  two  rows  of  tefth, 
and  being  ground  up  by  the  latter  acting  against  each  other  under  tim  force 
of  the  powerful  jaw  muscles. 

The  Iwtb  and  the  mode  nf  chewing  are  unmistakably  adapted  to  the  kind 
of  ffMjd  eaten,  su  Kjuk  as  nwuril  iv  luiil  (o  ilic  iiiiiiiialH  wliii^  iiatuvnl  fnod  is 
exclusively  nuinifli  or  exclusively  v^'Rettible.  In  miin  the  \v\-\\i  uiid  iiioveirieut* 
of  the  jaw  prc-wnl  no  pronounced  characteristics.  doublle.*>i  because,  with  the 
B^tstouon  of  the  »i-t  of  cofikitiff,  lie  lins  leitriieil  hnw  to  subsist  upou  »o  many 
different  articles*  of  diet.  Kaw  meat  cunnot  be  properly  reduced  by  llie  teeth  of 
man;  but  if  properly  boiled  or  roastftl  ao  that  the  connceiive  lisnue  binding  the 
muscle  iibti^  tojfither  is  loo,sencd.  it  i«  easily  mosticated.  I.iki-wiHe  the  tseuda 
of  eerealK,  which  are  otherwise  tnc-apabtp  of  licinR  attacked  by  tbi-  human  diffest- 
ivp  apparatus,  an*  rendfri-d  tit  for  fnnd  by  boiling  or  l>,v  bakiiiH.  Anii>n(r  all 
the  artieltw  of  diet  which  arc  irenerally  ncrcssiUe  ti>  the  hijiher  nnimals,  strictly 
spvakiuB'  only  urass  and  hay  are  incapable  of  .icnring  man  va  food. 

The  actual  grinding  of  the  food  is  aftcndtfl  to  primarily  by  the  tnolar 
teeth,  thortc  in  the  front  of  the  mouth  serving  only  for  biting  off  morfteU  of 
suitable  niz*?.  Tlie  lower  jaw  is  drawn  upward  bv  the  ma-^soter  and  lempornl 
muscles,  forward  and  upward  by  the  internal  plervcoid?.  forward  by  the 
external  pti'rygoid?.  Tt  U  drawn  doimward  bv  the  dii;ftitnc.  the  mylohyoid 
and  the  geniohyoid,  and  hackward  by  the  posterior  belly  of  the  digastric. 
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By  contraclion  of  the  external  pterygoid  muscle  of  one  aide  the  jaw  U  moved 
toward  the  opposite  Hide.  In  Die  depression  of  the  lower  jnw,  thf  articular 
tubercle  is  moved  forward  in  u  line  wliieh  is  wDcave  upward,  at  first  slowly, 
then  rapidly  ntul  nt  last  slowly  nj^niti. 

The  lipti,  eheck-i,  ami  lonjiiio  eoci]>ernte  to  brin^  the  new  or  ineompletelv 
mat^tiealed  portions  of  the  uuirtifl  lH>twt<en  the  teeth,  1o  facilitate  falumtioa 
of  it  with  the  saliva  and  IJnallv  to  form  the  nims  into  a  bolui;  to  he  swAJIownd. 


\ 


§2.    SUCKING 

The  buccal  cavity  h  capable  of  lieinj;  closptl  air-tij;ht.  It  ran  also  I>e 
enUrj;o<J  withoul  iu)iiiix.sinn  of  air,  and  in  lhi«  way  siiciion  can  be  produced 
by  which  lluidi?  may  bt;  drawn  into  the  mouth. 

When  tlu-  buecnl  cavity  is  clofled  so  an  to  be  air-tight,  the  tip  nf  the  tongue 
lies  nRfiinxt  the  teeth  anfl  the  alveolnr  proce**  of  the  upper  jnw:  thf  hfiiw  of  the 
titiiRiii'  IS  DiiAitl  (III  Iwiib  Hiiies  aiiaiiiHt  the  back  Icftb  and  the  iieif^bbtirine  jmrts 
of  tin*  ii|i[M.T  juw;  Ibe  Inwi-r  surfiice  of  liie  toiiffue  rt-wts  i>n  iht-  flKi-  nf  thi-  Icnvi-r 
jnw.  nn<l  the  nofl  imliil*-  biiiimi  ilnwn  Loosely  over  the  runt  of  the  t"n«uc.  llnliHiiir 
lh4:  jaw«  iicrfrrlly  Hiill  wilh  the  parU4  in  thin  p(inilion,  n  ncirnlivc  jireasure  of 
from  2  tn  4  mm.  of  He.  prevail*  in  the  mouth  (Mceper,  Ponders).  One  can 
easily  convince  htin»L-lf  ihat  the  cavity  is  really  air-tight,  for  if  he  dcpreiw  the 
liiwi>r  jnw  without  dih-iuiib  the  mouth,  the  cheekd  are  dniwii  bi-Iwccn  llie  rows 
of  tvoth. 

By  drawing  (he  tongue  back  or  by  lowering  the  jaw,  the  buccal  cavity  is 
ntlarged  and  h  surtion  i^  ihut*  produci^,  which  becomea  atitl  slrunger  if  the 
tongue  Indrawn  tlnwnward. 

The  itprtM'  indoi^od  by  tJu-  mnuth  part*  in  the  act  of  -tnekiDg  in  about  *7  e.e., 
Ihree-eighth,i  of  whieli  is  due  to  the  depression  of  the  jaw,  and  five-eighth* 
to  the  lowering  nnd  flattening  of  the  Inngiie. 

The  powiT  of  riietinn  in  the  human  mouth  ii»  very  great.  It  is  possihle 
by  repeali.'d  efforts  1o  develop  a  negative  pressure  of  "DO  mm.  of  llg. 

A  child  in  nursing  griwps  the  nipple  of  the  breast  with  the  lip«  in  such 
a  way  that  the  mouth  i.s  closed  air-light.  In  the  nliiwnce  of  IwHti  thiw  i» 
facilitatiti  by  .-([m.tjbI.  mcmbrEnoui*,  and  veri-  va.«cular  promineneejt  on  Ihe 
edge  of  the  piitnui  of  Ijoth  jaww.  Thei*e  structures  are  foinid  in  the  position 
of  the  ffiur  canine*  and,  especially  in  Ihe  lower  jaw,  are  nnitoil  by  a  inem- 
brauou(»  seam  projecting  1-3  mm.  high. 


g3.    DEGLUTITIOff 

Wp  include  under  deglutition  all  IboM?  pPX-esM's  by  which  (he  l»oln«  of 
fooH  i*  pro|M'l]ed  from  the  mouth  into  the  stomach.  It  in  a  very  complicated 
reflex  process  in  which  many  mnseles  cooperate. 

After  Ihe  Itnlus  is  formed  and  i»  placeil  on  the  Iwiek  of  the  tongue,  the 
swallowing  reflex  in  rlieitc<I  bv  stitnulalion  of  the  s<>nsory  nerves  in  the  hack 
of  the  month,  hi  the  u]*:  tlie  bohiK,  thrown  into  the  pharynx,  excites  the 
rcAcx  act  in  gliding  over  the  lonsiU  (Kahn).     tn  man  i>o  definite  part  of 
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the  month  cavity  from  which  the  reflex  can  invariahly  be  startw^  has  yet  been 
ma<!t'  rmt..  We  ctin  nnty  i^ay  (hot  it  i"  indnct'd  v/hvn  tlie  Iwlus  is  forced  hnt^k 
of  tbL-  soft  palate  into  ttie  region  of  the  tonsils.  Thus  far  the  proeess  is  under 
control  of  Ihc  will  and  the  swdllowinfi  reflex  therefore  is  inaugurated  volun- 
tarily, but  theryafter  it  is  indtipt'iidvat  of  Hit;  will. 

The  iinst  muscles  to  contract  are  the  mylohyoids,  and  the  pressure  in  the 
mouth  cavity  is  rairtcd  by  their  contraction  alone  to  about  30  e.e.  of  wator. 
Alnioul  at  the  sartio  instant  the  hyoglossi  contract  causinjr  the  free  surface 
of  the  bag.e  of  the  tongue,  which  in  rost  is  direrird  biirkward  and  upward, 
to  execute  a  movement  haekwanl  and  dmvtiwiinl.  By  this  contraction,  ac- 
cording to  KronecktT  and  Meilzer.  Uuid  fixids  are  spirted  through  the  whole 
length  of  the  a'sophagus  to  its  lower  end  before  the  contraetione  of  the  phar- 
TOgcal  and  ii;'Hi]i!ifij:L'iil  inuwileB  can  he  brought  to  bear  on  them.  Against  thiS 
view,  howoTor.  it  may  In*  nl)!*crved  that  at  the  moment  of  the  mylohyoid  con- 
traction the  a't»opliagii8  is  fitill  closeil  by  an  elastic  prussure  exerted  by  the 
larynx.  This  closure  is  broken  only  when  the  larynx  is  drawn  upward  and 
forward,  which  takes  place  some  0.2  (Schreiber)  to  0.3  of  a  second  (Eykman) 
aftiT  the  ineeplion  of  the  act — i.e.,  at  ii  lime  wlien  (he  effect  of  the  roylo- 
hyoid  in  already  past.  If  this  be  true,  (bo  nicveuient!^  of  the  al>ovt?-nanied. 
muscles  of  the  tongue  can  only  force  the  food  mass  into  the  pharynx  (cf. 
Fig.  IIU,  in  which  a  sagittal  wjction  of  the  floor  of  the  mouth  and  of  the 
nock  in  Imth  the  normal  position  (A)  and  the  open  position  (B)  of  the  pas- 
sageway is  rep  resell  tcil  afler  X  ray  pli»)i>jrruplis ;  from  B  it  is  plain  that  tlic 
tongue  in  swallowing  lies  against  the  jwstorior  wall  of  the  throat). 

When  the  food  reachea  the  pharynx  there  follows  in  order  the  oontractionB 
of  the  pharyngeal  and  the  (Fstiphapeal  mu-cle.'*.  In  the  H'sophagus  the  move- 
ment is  executotl  at  two  different  rates  of  speed.  The  nmsvle  fibers  in  the 
cervical  part  nf  the  n'.-tophagus  are  erosK-;*trintcd  and  the  movement  conse- 
quently is  rapid :  in  the  thoracic  portion  the  cross-slriatcd  nmeele  layers  ore 
replaced  more  and  more  by  smooth  mmsolcs  and  the  morement  of  the  food 

tis  eonwwptently  slower.  The  total  time  from  the  Eieginning  of  the  act  of 
deglutition  until  immediately  befoi-e  the  o|>eaing  of  the  uardia  i»  about  eeven 
to  eight  seconds. 

If  the  .I'sf.phftKus  be  cut  in  the  ncyk  or  cveu  if  n  Iohk  piece  "f  it  he  extir- 
pated, and  lliu  HuiH-rior  liir,vii^(.-ul  iiene.  whitdi  wry  ciieily  disoharfres  the  swal- 
lowiuff  reflex,  be  etimulatcd,  b.  perfe;;tly  rcKuIar  net  of  awallawinn  results  in 
which  ihe  coutraetion  not  only  extends  over  the  upper  part,  but  anpears  jnst  as 
umial  in  the  part  lyinii:  below  the  section  (Mosso),  The  peristaltic  wnvc  of  con- 
traction therefore  runs  from  above  downward,  under  the  diivt-t  control  of  the 
central  ihtvouh  system.  In  dpeply  nnif.'«tiie1in-d  docs  this  experimoni  does  not 
siiccwd  (Wild);  Kut  if  in  such  animals  the  anatomical  cnntiinilty  be  presemvl, 
the  contraction  wave  travcU  over  the  entire  frflophajrus.  Frf>m  this  if  fnltows 
that  the  contraction  can  he  jiropnfffited  throiiph  the  frsophiijrus  without  the 
cooperation  nf  the  cpntral  nervous  system,  a  circumstance  which  Mcltzer  sup- 
poses to  be  due  to  the  action  of  peripheral  rpflpx  centers. 

We  have,  therefore,  to  conceive  the  act  of  deglutition  tw  takinfr  place  in 
1  such  a  way  that  once  the  reflex  i«  induced,  the  different  divisions  of  the 
^    passageway  (floor  nf  the  moulh  and  tongue,  pharynx,  the  various  divisions 
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of  the  cesophagus)  are  excited  in  a  perfectly  definite  order  bv  impulses 
coiiiin>f  from  tlve  central  iiltvous  sysleni. 

The  nerves  for  the  upper  (lari  of  the  M'>*o|)Iinpii'<  arc  found  in  the  recurrent 
larynKeals,  for  the  lower  part  in  Iho  puhiionun'  ami  vosophagcol  plexusfts. 

Sinw  the  phnrynx  is  in  open  comniunicnlion  not  only  with  the  <e»opha(iiis 
but  with  the  iiute  utid  the  larynx,  the  prcA^urc  develnpeil  in  stwallowing  iriight 
easily  force  the  food  into  the  wrong  opening.  Bui  iKi-anse  nf  Iho  (lifTcrent 
prntrt-live  ini'rhanisnw  brnuyht  into  play  tlii"  iJikv*  not  hapjien.  The  i-eturn 
of  Hie  Ik)1us  into  ihc  month  cavity  is  prevenU>J  hy  cnntraction  of  the  palato- 
gl«w«»|  muscles,  n-hich  approximates  (lie  tonj^e  lo  ibe  palate  and  harrows  the 
isthmns  of  ihe  fauces.  Thift  is  a^^if^ted  aljw  by  the  Mtylotilossal  muKolots,  which 
roise  the  (nnjjue  and  pres.'*  it  forward  again-t  ihe  soft  pnlale.  The  na«uil 
cavity  18  shut  olT  from  the  mouth  and  pharynx  by  elevation  of  the  soft  palate. 


.-1 

I>*M.  1 12.— 4iijti(l«li  oplir*!  •cctiiuiR  at  t\n^  flcmr  of  ihr  tnmitli  ninl  nf  llir  ntvk,  n-roiwInicUxl  from 
X  ray  p)u>ioinvph>i,  titer  P.  H.  Eyknutn.  .1.  p(Miih>n  ol  (|uiet  iiu>plraii<>u:  B,  podtlun  in 
trwftllnirinil;  ilio  pn»«p>wav  for  (ami  into  the  ««nplutfcu«  it  ••\wn.  Tlir  oUirn*rr  in  aupptiwd 
lo  be  lonkitij  into  ili^  Mt  lialf  of  thr  larynx.  Ill  A  tbr  ^piKlnitm  in  fihown  in  the  enct  pod- 
Itun.  [ii  H  it  i'  <l<r|>muw>l.  In'  iIip  bMckwaM  tnolion  (if  t)io  lou^iir,  ngaiiial  tlic  posterior  w&ll 
of  ihr  phnr>'Tix  U>nly  ihr  nlgr  of  t)ic  n>i^(itiifl  iAnvfi).  In  Alliecfiemti  (wrtiln^unuMil  to 
()]4i  upiwr  bonlirr  of  (iir  fuurth  cvrvicnl  VT<rt«bnL. 

When  the  palaie  mn-Tles  are  paraU-xed,  water  Bonwtimea  pesw>s  out  iho  wmng 
way  through  the  nose. 

The  larynx  is  raised  in  gwallowinp:  both  for  the  purpose  of  releasing  the 
pre&iure  on  Ihe  (psophsgns  so  that  it  mar  be  freely  ojien,  and  for  the  purpoMj 
of  preventing;  Ihe  passage  of  food  into  the  lai^'ux  itwlf.  This  moveinenl  way 
be  described  ait  follows: 

The  iwniohyoid.  mylohyoid  and  anterior  belly  of  the  dina-ftric  inuiiolp  draw 
Iho  Kvoid  bone  and  the  Inr>-nx,  tlH-  l.-.wer  jaw  bt-inK  fixwl.  forward  and  upward. 
The  hyolhyn^id  mu>>cK'i!i  wrve  In  ki^cp  ibc  larynx  cl^e  np  lo  the  hyotd  bone.  At 
the  same  time  the  ba'w  of  the  totijrtie  moves  diiwnward  and  backward,  a  more- 
mcnt  nlt«»dy  dt-*crih>d  as  the  cflfccl  of  the  hyoploMfll  and  uenioalotinl  mn*rle«. 
By  thin  mpnii-  Ibr  I'u-hion  of  fal  wbirb  i^  found  imnwdiaiely  nrrr  Ihe  e|iiiil<'ttif 
is  prf<ftwd  logcihor  from  above  downward,  so  that  with  ihc  .-piirlottiR  it  is  puyhed 
in  as  far  as  the  Imltora  of  the  supraepiirlotlidean  »pBce,  and  the  arTrpigloltidean 
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fold*  are  applied  -to  tlio  po*t*rior  side  of  the  cpiglottifi   {Vig.   112.  B).     The 
cpislo">»  ilw-'If  ciiiiiK>1.  i-'lay  any  greal  pari  iQ  tlit  closure  of  (lie  phnrj-nx;  for 
it  can  Ik!  cxtirpnteci  withuut  inliTferinK  with  the  act  »if  bwalluwiug.     Nor  du  the 
■muscles  of  the  cpiglotiis  aiijK'ar  lo  be  of  auy  inip'.prttun.-v. 

This  oxtromely  complicated  process  of  swallowing  is  in  all  prnhabilitv 
prGsiili-tl  i)Vi:r  ami  <<niirolk'ii  S>v  the  medulla.  According  to  Marckwald  llie 
cenlor  liei^  lalerni  li>  and  nbove  ihe  summit  of  the  alff  cinersp. 

When  the  holud  has  reached  the  lower  end  of  the  a-sophapus  it  is  forced 
into  the  stumaoh.  The  cardJa  U  nnrinnllv  closed  bv  tonic  contraction  of  its 
gphinetor  muscle,  a-"  is  evident  from  iho  ffirt  that  nn  rcj;nrgitation  of  fond 
takes  place  even  when  the  prewurp  in  the  abdominal  cavity  is  very  greatly 
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Flu.  113.— ^Thv  motor  ncrvce  of  the  Uiroftt  and  paJatc  of  the  monkey,  aiua  RAfai.     1>  upper; 

2,  itiitlillf-;  3,  lower  Ininillr  cif  rootii.  (l\-pli.,  Kln»ophiir>'iigiTiil  nervr;  \'a,  vagus;  I/or.a, 
Hupcnor  laryitKi'iil :  Af.  acci-s^ury  nervv:  H,  pit.,  v  plmrvuKvnJ  root  of  iho  vacua;  St.  ph.,  the 
malar  nrrvra  i>r  Lhf  irtrlnpliurynici-.tl  mimrip ;  /'.  ijl.,  mntiir  iipn'ns  uf  Ihr  {xilnUiftliHaiJ  RiiMrl»; 
P. ph..  the  motor  ticr%-M  of  tlic  pulntt>phArv'>et-iLl  miiwk':C  motor  aervwt  of  ilw  coastrtriar 
miioclni  nf  the  phKriitiK;  I,.,  mator  nerv<^  of  I)ip  [■■vnitir  v<'!i  palntini ;  .li  ,  tliruw  of  Ihr  lUiygtM 
uvula*. 

increajR'd.  The  cardia  is  opened  hy  the  action  of  it*  dilator  nerves  {cf.  §  4>, 
and  the  holus  nf  food  i.*  piislicnl  info  IliG  ^■l^^lIl(•h  hy  conlractiftn  nf  (he  lower- 
most seotioti  nf  the  ws-ophagiw.  When  Ihe  lusoplia;;!!^  is  paralyzt'd  liy  section 
of  it«  nerves,  food  remains  in  it,  and  may  be  sucked  into  the  lungs,  producing 
in&amiiiationtN  which  result  fatally. 

By  ausriillulinn  of  the  rcffioii  over  the  eardin  In  man  two  sounds  may  he 
heard  after  dcRiutiiion.  the  one  almost  immedinrf-l.v  after  thi'  ineoption  of  the 
act.  the  other  Honiu  six  to  seven  sewntls  later.  Tl>e  fir^t  ^mtml  i*  si-I<Iiim  heard 
and  apppars  in  W-  caused  by  an  abnormal  capinir  of  the  enrdin.  In  thi.i  e-asc 
the  food  in  prnbnbly  spirlcd  b>*  enntrflction  of  the  niiiwle^  in  the  nppcr  pasfi«(re«, 
directly  inio  the  Rtomnch,  The  ^.-cond  snnnd  corresponds  in  its  ^vcurrenc*  lo 
the  time  when  the  fr>.f>d  is  being  forced  into  the  «tomnch.  and  il  i»  probably 
caused  by  this  prficedure. 


§4.    MOVEMENTS   OF   THE   STOMACH 

A.    KHEADDIG   MOVEMENTS 

The  purposp  aceompUshwl  by  ihc  inovenu-uw  of  tho  stomflfli  is  tn  mte 
the  food  with  ihe  gastric  juice  and  tu  reduce  it  mechaniftilUf  tiy  km-adinj; 
and  grinding.  By  this  meanpi  the  chemical  I'haage^  to  be  wmuj-lit  Iiy  the 
gaslrip  juice  are  uidod  materially.  The  dij;cdtion  of  proicid  in  an  artificinl 
gastric  juice  rotjuircs  much  U^t  liitie  if  tlit>  proteid  is  tii>[it  uioviii^'  Ihiui  if  it 
H  allowed  lo  remain  nuiel.  The  [irolekl  is  more  acpesniiik-  to  Ihe  gastric  juice 
hy  reason  of  the  movement,  and  the  kneading,  snch  as  takes  place  in  natural 
digestioa.  easily  reduces  to  small  pieces  the  masses  already  rendered  brittle 
by  the  preliminary  effect  of  the  gaatric  juice. 

With  refi-pc-niv  tn  ihi-  mii*culHt«re  of  the  fttoinach,  we  have  to  di«tin«;uUh 
the  two  upviiintirs.  the  csrdin  ami  |iy|orue,  as  veil  as  the  main  body  or  £uudu», 
and  the  ntilruni  pylori.  The  dpeiiiiiirH  are  ^urrcunidcd  by  ^tntns  miiwular  fiber* 
and  an-  us  a  rule  <-U>se<l.  Tlic  fundus,  or  hfxly  i>f  the  stomach,  hait  a  Tx.>lalivety 
weak  muHculature,  the  antrum  a  ver;  strouir  one. 

Observationti  (jn  the  moveinonts  of  the  stomach  after  the  ingestion  of  fond 
all  agree  in  finding  the  conlraations  of  the  pi/loric  porli^m  much  more  powerful 
ttian  ihoM!  of  the  Uxly  of  the  Ktomach.  The  fonncr  is  market)  off  from  the 
funthw  hy  a  ring  rnnsclo  railed  t]tf  Mphinrf/'r  of  the  antrum,  Helatively  weak 
peristaltic  wnvei'  t^weep  over  the  fimdu--  from  the  cartliac  i-nd.  and  are  con- 
tinued hy  the  very  powerful  ctiutraclioni  of  the  antrum,  bi^inning  at  the 
sphincter  of  the  antnuu  and  i^preading  toward  the  pylorus. 

Meltxer  found  that  the  fundie  portion  does  not  respond,  even  to  Tcry  stronu 
stimulation  wirii  casib'  recoiiuizablt-  cuutracliouK.  wbercBs  the  p.Th>riL>  portion 
«-ith  (he  Hume  Htimulun  cimlracla  more  enerKelically  th«  clowr  the  Htimulu.t  is 
applied  to  the  pylorus  it«*lf. 

Tn  n  patient  with  a  sioniaoh  fistiila.  a  pressure  of  14  to  3.^  mm.  TTp.  has  hw-n 
obscrA'ed  in  the  bixiy  nf  tlii*  sliminrb.  iinil  VM*  nun.  in  thf  nntnim.  Thi'  anlrum, 
it  !M?*mi*.  may  Ik*  vki-ted  ofF  onmplpl<>]y  hy  c«>ntraeiion  of  its  ipbincter  or  by  hiool 
contractions  of  separate  f<ectiont,  from  Ihe  parts  uf  the  stumut^h  lying  to  tht!  left. 

Since  the  prewure  exerted  by  the  fundic  wall  la  commonly  not  very  strong* 
and  the  antrum  in  filled  therefore  during  the  dilatation  which  follova  ita  ovn 
DontractionK  under  a  very  weak  via  n  trrtjo.  ihe  coarser  |>orfions  of  the  food 
are  prolmbly  not  pressed  into  the  antrum,  but  oulj  the  t-a^ilv  mobile,  more 
fluid  and  more  grnclly  portions.  If  this  is  (rue.  it  follows  further  that  the 
chanpes  which  the  food  undergoes  in  the  body  of  the  atomacli  an*  principally 
nf  0  ehemicfll  nature,  while  the  nntnmi  represients  the  truly  motor  part  of 
the  stomach,  where  the  bit(<  of  ftXHl  already  more  or  le_«s  i-omminutcd  are 
intimately  mixH  with  the  gastric  juice  and  9tUl  more  thomtighly  ground  up 
by  powerful  contractionfi. 

Experiment  t^how?  that  the  stomach,  deprived  entiwly  of  nenrw.  or  even 
cut  out  of  (be  l»odv,  undergoes  sptminnfnux  mnlrartions;  that  like  the  heart, 
the  Btomach  ha-*,  therefore,  within  iii^^U  all  the  necesiary  conditions  of  its 
movements — which  in  probably  due  to  the  ganglion  cells  found  in  the  stomach 
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wall  {cf.  page  288).  But  these  movements  are  presided  over  and  regulated 
in  many  ways  by  the  central  nervous  system.  The  very  complicated  relations 
of  the  nerves  concerned  in  this  control  will  be  evident  from  the  scheme  devised 
by  Openchowski  (Fig.  114). 

The  stomach  receives  its  motor  nerves  in  part  from  the  vagus,  in  part  from 

the  sympathetic  nerves.  These 
nerve  paths  have  been  fol- 
lowed up  to  the  cerebrum  as 
follows : 

a.  The  Cardia:  (1)  From 
the  region  of  the  posterior  cor- 
pora quadrigemiiia  constrictor 
fillers  run  for  the  most  part 
through  the  vagi;  aome  run  in 
the  sympathetic  paths,  reach- 
ing their  destination  by  way  of 
the  spinal  cord  and  the  fifth 
to  eighth  thoracic  roots,  thence 
through  the  two  splaiichnics. 
In  the  thoracic  sympathetic 
the  fibers  are  only  sparingly 
represented.  (2)  The  cardia 
is  dilated  by  fibers  which 
emerge  from  that  r^ion  of  the 
brain  where  the  anterior  lower 
end  of  the  nucleus  caudatus  is 
united  with  the  nucleus  lenti- 
formia,  and  join  the  vagus.  In 
tlie  spinal  cord  also  as  far  as 
the  fifth  thoracic  root,  there 
ore  centers  for  the  opening  of 
the  cardia  which  send  their 
fibers  by  sympathetic  path- 
ways. 

b.  The  Bothj  of  the  Stom- 
arh  between  the  cnrdia  nod  the 
pylorus;  (]>  The  brain  ccnt(>r» 
for  the  coiitracti'tn  of  this 
part,  lie  in  the  corpora  quadri- 
pcminn.  and  the  patli-s  traverse 
bolli  the  vngi  fchiefly)  and  the 


Fig,  114. — The  nerves  of  the  stomach  mufM-ulnlurc, 
aftpr  Openohowski.  Red,  the  patlis  to  the  cnrilia; 
Whc.  tlie  path»  to  tlie  body  of  the  stomach  :3rr<-n,  the 
patlifl  to  the  pylorus.  C,  tlio  rerebrum:  V,  stom- 
ach; .Vf>,  methilla:  .1/.?,  spinal  coni;  .l-lll,  thomcic 
roots;  VRS,  riKht  viijtiis:  1'.'^,  left  vaRUw:  .V/>,  ililulorfl 
of  the  canlia;  .VC,  consirictors  of  the  rardin;  n, 
Aiierbanh'^i  pli-xuf!;  .S,  .S,  fibers  from  the  sympathetic 
plexus.  1,  Hulous  erucialus;  2,  eorpits  strinliuii:  'i, 
rori>iw  quailriRemina;  4,  centers  in  the  spinal  eoril. 


spinal  cord,  thence  l»y  way  of 
llic  lower  thiiracic  cord  through  the  sympathetic  trunks.  (2)  Inliibitory  cen- 
ters lie  in  the  upper  ]>art  of  the  curd  and  tlie  piiths  travcrno  the  sympathetic 
:iiid  splanclinic-  (accf)rf]ing  to  Langloy  nisi,  the  vnpiis).^ 

c.  The  PiiJiinix  mtr}  Pyloric  Antrum:  (1)  Coiitractinn  centers  arc  found  in 
the  ctirpiira  (lumli'itroinina  for  both  the  jiyionis  and  it<  antrum.  The  chief  path 
is  tbu  vafTUs.  but  ilie  constrictor  fibers  run  also  ihrnuHh  the  sjiinal  cord.  (2)  The 
dihiiiir  ccnlcr  for  ibc  cardia  gives  inhibition  of  the  pylorii>  movements,  hut  no 

'  Cannon  has  shown  (hdt  distress  inhibits  gastrie  movements  not  only  in  the  normal 
anini:tl,  but  after  the  two  vapi  are  cut,  and  after  tho  four  splaiichnirs  are  cut.^ED. 
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opening.  The  path  lies  ihroueii  the  cord  as  far  as  the  tenth  thoracic  root,  then 
ibruuKli  ilu'  !i|iIaiiohiiic».  Iiihibilorj*  oenten  for  tjic  antrum  ure  prfKcnl  in  ibu 
porpiirn  iitiuilrigfmiinn;  and  opening  of  the  pylnrim  can  be  induci'fJ  from  the 
olivAT>'  \Kjdy  ovfr  a  pnthwriy  which  runs  tlin:iu^h  iht  coM.  The  liilalnr  nerve 
of  iJiK  cHrtlia  iiiiiJ4<r  all  4-irvuui»tan('cs  proves  lo  lio  a  clnRiiiii;  nerve  for  the  jiylorua. 
()|>i-niiiu  "f  thv  fjiniia  aui!  et'iilniftiun  of  the  ii.vlurus  occur  sitiiultuuL'oiuly. 
Langley  Hiids  inhibitory  fibers  for  ttie  pyloruit  aUi  in  the  vnpus. 


B.    EVACUATIOH  OF  THE  STOMACH 

When  tbf  stnmarli  rnntpnls  have  Ix^-n  chanpcd  l>v  Ihp  imitWl  iirtmn  of  the 
gastric  jiiicf  and  tho  inowmenUs  of  the  titoiiuicii  into  a  ^uclly  mas»  known 
ft."  rhytiii',  the  ohjwt  of  ^'a^tric  diROstion  is  fulfilled;  the  pylonis  is  opened 
auil  till-  cliyme  !.-<  fnrced  into  (lie  intestine. 

Tile  lenifth  of  limr  ihf  fofKl  in  retained  in  the  stomach  depend*  to  n  groat 
extent  njwm  tliu  kind  nf  fond  eaten.  Tn  dojis  havinj;  a  (Uio<hmal  fistula,  Moritz 
ha^  shown  that  fnirr  lliiids  (water  and  nncoiij.'ulated  milk)  leave  the  stomach 
very  quickly.  With  coagulated  initk  the  evacuation  is  considerably  dower. 
It  is  Inn^sl  of  all  with  the  solid  foods  (meal.  ?anflnp>).  The  i-onriihiency 
of  the  stoniiicli  c^uituntt*  therefore  deterniimss  primarily  when  the  food  will 
be  evacuated.  Itnl  its  chemiifal  pri>pertie'*  al.-w*  are  nf  ctinsitli^rttlile  importance 
in  thig  respect.  The  exjjoriini'ni.-*  of  Moritz  iipcm  hiin.-ielf  leridetl  to  fIiow  that 
vfttcT,  weak  i^lt  so|i)tiDu«,  and  bouillon  leave  the  Htomaeh  very  quickly,  but 
water  eontiiinin^'  CO.,  weak  acid  solutions,  milk  and  beer  remain  conrtidernhly 
longer.  If  meal  or  bTnat]  be  eaten  the  e.\pulsioD  of  water  ingested  ut  (he 
nme  time  is  dcliiyed  considerably. 

(Cannon  fed  fal,  cnrliohydnire  and  proteid  foods,  nnifomi  in  amount  (25  c.c.) 
and  con--4i8tcncy  ami  mixed  with  a  nmall  riiitintity  of  <tiihiiilrnic  of  bismuth,  to 
t&tA,  nnd  with  rht-  nid  "f  the  rtiinrn^'iiiK-  I'twcrvcd  tlie  rate  of  tbeir  discharpo 
fnim  ibe  stomnch.  He  f»uiul  that  ftitx  remain  longest  in  lln.'  mltimacli,  pruteids 
next,  and  carbohydrate?  a  ver>'  short  time.  When  cnrbohydrales  and  protcids 
were  mixed  in  equal  parts,  iht'  mixef)  f<N>d  tlid  not  leave  the  stomach  ho  slowly 
as  protcids  alone  or  ."to  rapidly  ns  earlwthyd rales  alone.  Fat  mixed  in  equal 
amountis  with  prolcidrt  and  with  carlwih^-dratcs  enuiwd  both  these  to  be  diseharged 
more  slowly  than  when  each  wa."*  fed  nlonc. — Kn.] 

Even  with  a  diet  of  firm  conaistency,  small  portions  having  the  eonsiatency 
of  jjruel  are  fnrtHHl  into  the  duoilenuni  a*  they  are  fnrme<l.  and  thus  the 
evacnntion  of  the  xtomaeh  goes  nn  (rradnally.  It  ba?*  been  t^hown  further  tliat 
the  pylorus  closes  and  the  expulsive  movemontu  of  the  utomach  cease  tem- 
porarily when  a  certain  p(irt!f>n  of  ihe  contents  ha.<  been  emptinl  (Rirsrh, 
V.  Merinp).  Mot  nnlv  the  depn-e  of  fiillncA-i.  but  tin"  n'action  of  the  intestinal 
contents  is  of  importance  in  this  nmnoetion.  A  jiltghl  stream  of  IICI  or  pure 
jra.-'ttic  juice  poured  stcfldily  throujih  n  fistula  into  the  duodenum,  will  cause 
8  soda  mlution  prcrioujily  introduced  into  the  duodenum  to  be  kept  there 
for  an  indefinite  time  A  i*od«  solution  pourrd  info  the  dumlenum  in  the 
same  way  has  no  such  efTcet.  From  this  it  follows  that  each  outflow  of 
stomach  contents  into  the  intestine  hlops  further  evacuation  until  the  HCl 
of  the  fra.ttrte  juice  i»>  neutralized  by  the  alkaline  tluidi)  of  the  intestine 
(Pawlow). 
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C.   VOMITING 

Vomiting  is  an  abnormal  process  by  which  the  stomach  contents  are  emp- 
tied through  the  eartlia  instead  of  through  the  pylorus.  Several  muscles  are 
concerned  in  vomiting,  but  chiefly  those  of  the  diaphragm  and  abdomen. 
These  contract  all  at  once,  producing  a  high  intraabdominal  pressure  which 
naturally  lakes  effect  on  the  stomach  wall.  When  the  cardia  is  closed  vomiting 
does  not  result.  Wc  know  that  this  must  be  true  because  when  simultaneous 
contractions  of  the  diaphragm  and  abdominal  muscles  take  place  under  other 
circumstances,  for  example  in  defecation,  the  stomach  is  not  emptied  throng 
the  cardia.  The  stomach  wall  itself  plays  little  part  in  the  process,  for  the 
entire  stomach  may  be  replaced  by  a  swine's  bladder  and  vomiting  therefrom 
may  be  produced  (Magendie).  And  yet  it  must  be  observed  that  the  pyloric 
portion  of  the  stomach  contracts  powerfully  in  vomiting  and  expels  its  con- 
tents into  the  fundus. 

In  vomiting?  the  larj'nx  and  nasal  passages  are  protected  in  the  same  way 
as  in  swallowing,  and  ihe  mass  of  stomuch  contents  ejected  from  the  stomach 
under  high  pressure  must  therefore  take  its  way  through  the  mouth.  The  tongue 
is  not  raised  as  in  swallowing,  but  is  pressed  down  and  held  out  in  the  form 
of  a  groove. 

Vomiting  is  induced  cither  b.v  certain  drugs  or  by  reflexes  set  up  from  the 
base  of  the  tongue,  the  thront,  the  stomach  or  the  uterus.  It  may  be  caused  also 
even  by  the  imagination  or  sight  of  something  nauseating,  or  by  ezceseive  dia- 
turbances  of  the  brain. 

As  appears  from  the  foregoing,  a  large  number  of  muscles  cooperate  in  the 
act  of  vomiting  in  a  perfectly  definite  manner,  and  our  current  views  of  the 
action  of  the  central  iicr\'ous  system  make  it  very  probable  that  this  coordina- 
tion is  obtained  by  a  special  center  (the  vomiting  center).  In  fact  it  is  stated 
that  in  the  dog  the  dostrurtion  of  an  area  lying  in  tho  midline  of  the  medulla 
in  llio  region  of  the  calamus  seriptorius  prevents  vomiting — i.e.,  that  this  place 
is  the  voniitinfT  center.  This  center  is  bilateral  and  lies  in  the  deep  layers  of 
the  medulla  (Tumas).  Whatever  the  facts  as  to  the  actual  presence  of  such  a 
router,  ihiw  nmch  apjK'ars  certain,  that  the  vomiting  center  and  respiratory  cen- 
ter arc  ni)t  ideiilieal,  as  has  often  been  assumed.  For  while  certain  respiratory 
niuf'cleM  take  part  in  vomiting,  many  iitlier  movements  supervene  which  have 
nothing  to  do  with  respiration.  Besides,  simultaneous  inspiratory  contraction  of 
the  diaplinigni  and  expiratory  contraction  of  the  abdominal  muscles  never  takea 
place  in  respiration. 

^  5.    MOVEMENTS  OF  THE   INTESTINE 

The  purpose  nf  ihe  tnlenfinal  jnoveineiitx  is  to  mix  thnroufihly  the  contents 
of  this  division  of  the  alimentary  canal  with  tlie  dicrestivc  fluids  poured  into 
its  cavity,  and  to  move  the  contents  gradually  along  in  the  direction  of  the 
anus. 

Arcurding  tn  (iriitzner,  antiperisfnltie  contrncfions  occur  normally  in  the 
intesline,  by  wlii<'li  llic  intestinal  contents  mny  bo  driven  upward  for  some 
diHtmieo. 

In  the  ffistiiitr  stale  the  intestine  api>ears  ns  a  rule  to  bo  quiet.  But  about 
onc-<iiiiirter  liour  after  eating  it  begins  to  move.     These  movements  arc  induced 
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aliK)  by  strnllowtng,  by  larit-f  iiihulationti  of  etlwr,  by  ptiyriiit!  inttuence«,  a|)]ilu'fl- 
tiui)  uf  viAii  lo  the  iiMomi'ti  iiiiil  Ijy  clin-rt  ittiiiiuliuinii  (cf.  infra). 

Attempts  hpvv  bt^cii  madt^  by  invttsiiKHtioii  of  iiiu-^ttiiml  KhIuIu-  to  (k-cvr- 
iiiiiiv  xhv  rale  itf  pri)piigiitiiiTi  of  llw  inl'Htinii]  (viTiiniction»,  iiik)  ililToront  ritea 
buvc  been  obik^rvetl — whk-h  rtiilly  was  ti>  bt-  cxpi-rtii)  n  priori,  if  urn'  but  cini- 
eidera  bow  mucli  tliv  dt-Krw  uf  ruUm-KH  uuJ  iLl-  iiutun*  of  tlw  ttmlcutH  iiiumI 
ntfect  tbc  rpsiilts.  Tliis  coiiHitU'riil ion  is  roiitimiiNl  by  tin-  obM'rratioii  uuulr  upon 
an  expected  intestine,  that  a  controetion  Wally  pnMlueud  is  propngaliii  along 
tb«  inlMliiie  only  whc-n  it  in  indiievd  by  the  miiriii}(  eniiteiils. 

By  obwrvntions  on  Vdia  fintulie  a  value  of  1  cm.  in  Iwo  to  ten  minute*,  and 
1  cm.  in  Ihirly  to  forty  swondt*.  Imve  ix-'en  found  (or  llie  rnte  of  pro|Mi|tut iim  of 
inlcttirifil  t-onintfiionft,  ihe  Inner  vnlue  after  iriRfHtJim  of  fi«i(I.  Aeeortlini;  to 
other  observations  the  iMTisIollic  wave  woulrl  travel  llie  etitire  lenfrtb  ttf  llic 
iiil<i*lim>  of  n  duK  i"  nlwiul  iiiite(y  minutes.  AKnin,  lh«  velocity  of  the  inlcntinflt 
iDovenu'ii t  list  Imtu  ii>timuti>d  by  passing  il  Mtlle 
balloon  fastened  to  n  xtriuK  tlirouKb  ii  S'tmnneh 
fiHtulii  into  the  duodenum  nnrl  measuring  on  the 
8lriti|^  the  rate  at  which  the  balloon  waD  forced 
along.  In  the  uppcrmoHt  |Mir1s  the  mle  was 
grvatcr  than  in  the  lower  part*,  and  in  the  former 
reaehe<l  the  high  value  of  ItKlS  cm.  in  it  minute. 
In  view  of  the  long  time  the  food  sfojounis  in  the 
interline  ihiit  appears  abnormnlly  liitrh. 

Tbe  intiiitine  is  of  eourse  eoii»tricte«l  by  the 
contruclion  of  its  cireulnr  muHele«:  it  iw  ehort- 
encd  and  at  the  same  time  dilated  by  eontrnetion 
of  \t»  longiMulinnl  nuis4>le<t.  Suppose,  r.  g.,  that 
in  Fig.  iir»  the  Hmall  eircles  lying  Hi<le  by  ^^ide 
rvpniieut  enw»  wetimi!*  <jf  (be  luiigitudiiinl  mus- 
cle fibers.  When  they  e*(nlrael,  they  bee<ime 
Ihiekor;  eaeh  fiber  therefore  elnim«  trore  npnee. 
anil  the  filwnt  lying  ''id**  by  sidi-  ln-eoming  thieker 

all  at  onee  must  hove  the  efFi-et  of  making  thi-  circumfi-renra-  larmT — i.  c,  of 
dilating  tiie  lumen.  TbiH  conclusion  ba»  been  confirmed  also  experimentally 
(Exner). 


Flo.  lis  — S<->>i^nio  Id  i1lii"<mle 
the  rrUliiNi  t>f  ■li«-  UinKilu'lind 
ii)u«riilar  fil>era  of  lh«  inioMlBa 
lo  mcli  other. 


With  wgnril  to  the  movomcTits  arttinllv  tnkinji  plaee  in  Ihe  inteRtine  within 
the  IhkIv.  Cnnnon  nlit^en'ed  with  the  hel]i  of  lhf>  Kiint^iru  ravri.  afler  ftiHliii^  a 
food  mixed  with  biiiinnth  subiiitrale.  thut  the  fiMKt  in  an  inlestiiinl  loop  is 
divided  all  at  once  into  ?mall  scfrments.  From  tlie^  sejrnient!*  new  nnea  trc 
ronliniinlly  Ix^in^^  formed  by  rli^lh intent  rontrtirtwns  [wtiat  Ciinnnn  calls 
"  rhytlimieal  JM'jimeiilation  "|,  at  the  mto  of  aliont  thirty  per  minute.  By 
thin  tm'Jitis  the  frwHl  is  von'  intimatidy  mi\«l  villi  the  inlcwtinal  fluida  And 
is  brought  into  cU>se  cnnlacl  with  tho  inluKtinal  wall.  The  contuntK  arv  (h«i 
pusheil  ntonu  and  the  prrtceAi  is  repeated  over  and  over  ( Fi^J.  llfi). 

The  intiwlirial  tnovementa  arc  to  a  certain  extent  indepmilenl  of  tbfi 
central  nrn-oiw  ityKlrm.  for  an  oisoeted  intestine  may  contract  sponlanwusily. 
In  animaljt  whoso  nerv<*  to  (he  intestine  have  all  been  rut.  Iwo  kinds  of 
enntrnetion')  may  Ih*  olwen'etl. 

(M  The  inleritinni  loops  i?\erute  prn/tulnm  nmrrmf^ata — i.e..  movemenla 
to  and   fro,  in  which  the  lonptudinal.  and.  to  a  lemt  extent,  the  circular 
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miiBclra  arc  nHivp.  Bv  virtue  of  the  Inlter,  itmall  waves  arhc  in  the  iutestinal 
wall,  wliich  are  propagated  rather  rnpiilly  ('■?-•")  cm.  por  !»«KomI),  u.sual]>'  from 
almvt'  downward. 

{2)  In  !«eparate  parte  of  llic  itiUitituiL-  puwcrful  c.-()UtracUnU5  (K-cur  vhi^ 
priiiffi'd  much  more  j<lowly  than  the  alwivo-mentioned  -iinflll  wavps.  but  like 
thcni  from  iilMivt'  downward.  Tlifse  are  the  true  pcrL-itaHic  movrtnenU,  In 
thv  prupa^^atiuu  of   llie^e  contractions  the  intetituie  i^  ahvavi^  dilated   jiust 

I  It'll  in     ilii»    [itiiLv    wliich    at    that 
nionii-'nt  is  uon trailed. 

The  peristaltic  movements  maj 
ho  ]irodiitipd  on  an  e-ncrvnted  int«s- 
IiiK»  hv  a  weak  mechanical  stimii- 
lus  of  the  outer  surface,  or  bet- 
ter ^lill  liy  the  introduction  of  a 
ItalUwm  into  the  intestine.  Every 
such  HtiiiiuluK  fxriifs  the  MX'tion 
lying  above  Ilic  point  at  whi<di  it 
i.«  applied  and  reiaxes  that  lyinf; 
imnnniialely  below  {Payliw  anU 
Slarlinjf). 


,    boooooo 

Fta.  IIB-^Kchcina  tn  illii,ilrnl<-  tho  rhytliniioiU 
MiKiiivnrAiiuii  tif  iIr*  sniull  ini«Btii)f,  tifu-r  Tnii- 
tifX).  I,  the  njiiU-iitn  of  iIil'- iiilrxtiiii.-  iniM-g- 
inoinMl:    2.    The    conivnU    cuiisirku-d    iiiIm 

iH-|i|iritT>- i[iitKVN:    3,  (III-  lif  Kt   I'liiUH-,  till- nri(^- 

tu>l  tw^Kim-iitrt  lire  ^plit  hi  half  bv  new  ctintilrn"- 

tiriiin  iiriil  Itfcoiilr  fiiM.il  liitu  ii>*w  liiiknni'n.  an  >i 

iLtiilfjipta  e;    1,  lli«firMl  tcitmwliitiim  f(-Hiir«l. 


PtrifttallsiR  in  (hp  i nt«t i ne  ia 
therefore  a  lok-rably  comiilicatod 
phenomenon  which  calU  for  »  defiiiiti',  rPKulur  uiionJiiintiiin  i^f  (|itri.T<-til  portions 
*>f  thf  iiituatinr,  and  in  all  jirnhabiliry  requireM  for  jls  pxcitfitini]  ihi-  participa- 
tion of  a  nervous  mechunl^tm.  Sinrc  thiii  can  be  obscrred  in  ull  ii»  n^ularity 
both  in  an  ex<icctcd  inteotine  and  iit  Ihe  int(«tino  deprived  of  fXtrinAic  nerres, 
the  ineehani^m  ruiift'meii  mnst  lie  within  the  ittteRtinal  wall  itself,  and  we  have 
probably  to  rettard  the  plt-xut;  inyt-nleriL-uH  as  thai  ini'fliauisni. 

JUngnus  is  anthitrity  for  the  statement  thot  the  spfinlinit'inia  movements  con- 
tinue unchanged  in  their  charnrtcr  in  Ritrviving  purfions  of  the  intestine,  or  in 
thoiK'  pn'serreil  in  Itinera  afilutiim,  nfter  renimvtil  nf  tlir  -iiiliioucnsa  and  of 
Mei>««iier's  plexuc.  Itut  iieparatiiin  of  the  eirctihir  lH.ver»  from  Aiir'rbuch'a  i>lexus 
»top8  their  niopements.  whereas  the  loiiirltudiiifll  muscles  left  iu  connection  with 
this)  ph^xui)  conttuUiH  aa  before  tn  eontrat-t.  Fomi  these  ivauhs  it  would  apprar 
that  all  the  autr.niatie  movements  of  the  intestine  depend  upon  the  action  of 
Auerbueh'n  plexus. 

The  intcttinal  morepie-nt/<  are.  regvlalfid  in  many  ways  by  the  central 
nervous  flynleni ;  and  we  can  say  farther  that  the  simill  intestine  receives  its 
etTeri'iil  nervfti  partly  Ihrouph  Ihe  vn^ns  and  fiartly  through  llie  f«p1nnchntc. 
But  with  regard  to  the  action  of  llmse  nerves,  uutll  very  reeently  tliere  was 
absflhiiely  no  unanimity  ni  opinion.  Indeed  one  may  mv  withont  exagger- 
ation that  every  conceivable  poasihility  has  been  rcpre»?ented  by  the  different 
anlhors. 

However,  mnst  authors  now  agreo  that  the  aphtu-hniix  cnnimn  inhibiting 
f\bpr»  for  Ihe  intestine  (Pfliiger.  IsriT).  If  the  nbdomen  of  a  fastinj;  dog, 
having  the  splanclmics  still  iutaet.  be  opened.  Ihe  al)ove-raeniione<l  rontrap- 
tion-i  are  not  observed — the  int^wtine  is  perfeetly  quiescent.  A  local  stimulus 
is  either  entirely  without  elToet  or  it  produces  nuly  a  circunitwribcd  coDtniq-. 
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lifni.  If  now  the  splatichruM  he  ml,  a^ti-r  .some  iiftfcn  to  twenty  minute* 
the  inlustine  In-'gius  t"  move  as  ubovu  di*irriiw<l  {pap-  '^8S).  Thi'so  nvultit 
show  llint  ihc  splanchnic  undor  nomial  circunistanoesi  fxeiris'ti  a  tunic  re- 
ttTeinitii;  influence  fin  the  intestinal  tnufeiilalim^.  This  inhiliitiori  npitcars 
still  nioi-e  cteartj^'  if  the  sjilanchniv  In?  »tiniulat(^(I  whilu  the  intcstinfii  niore- 
niotits  arc  in  progress:  the  contractions  ininiocliMtoly  cease,  and  the  toaus  of 
the  wall  tii-cn-ascs. 

Since  the  splanchnic  «vnve,V8  vasoconstrictor  fibers  for  the  intestinal  veswis, 
it  miRht  be  aupp<)Ei'<l  llnil  \\iv  cause  of  thi*  iiitcsliiinl  cfltui  fi>ll»wirm  t^tinnilation 
in  lu  Imi  found  not  in  a  Kjiec-ifie  iiihihirjon.  hiii  in  ihf  rr-wiillin^f  flini'inia.  But  it 
is  10  be  obscrvfcl  ng'iiiniit  thia  bypotln'sis  that  Ibc  iicccs&nry  paralicliKin  is  vnni- 
infT  between  th<:  Iwn  ph<-ii<im«>ii».  Tlu'  icni-n-iiir  in  MdihI  prr-viiirr  i.t  t^omi^t i mefl 
very  conaiHtrahlp  while  the  inhibition  at  the  same  time  is  only  »1i|jcht.  The 
inhibitory  efleet  in  u>M  cvidoEit  ut  liie  fir»t  ^tiniulatinn  of  the  splanchnic  and 
deerraaps  with  each  siieci>edi njr  Htimnlatini],  while  the  blucHl  pn-wture  kim«  on 
increasing.  And  tiiinlly,  inhibition  of  the  intci^tinnl  movements  ran  be  demon- 
strated even  after  the  circ-utntiotL  is  completely  stopped  by  extirpation  of  the 
heart. 

Many  authors  agree  al,-io  that  the  va/fus  is  a  molar  nerve  for  the  intestine, 
while  (dherfi  have  obtained  no  efTeel  at  all  on  the  intestine  by  vagus  ^limular 
tion.  It  is  possible  that  this  failure  is  due  lo  the  inhibiting  infltienee  of  the 
fplanrhnii's,  wherefore  it  is  recommended  to  sever  the  .iplanelinitrs  firil  in  sueh 
experiments  (JacoNi).  In  order  to  prevent  disturbances  to  the  eirenlation 
resnUiiig  from  stop'pagc  of  llie  heart  by  slimnlalion  of  the  vagtifi,  either  the 
stimulation  nnnl  he  applied  lielow  the  enrdine  hranelies,  or  (he  latter  must 
be  paralyzed  by  alropine.  I'nder  Mieh  eireumstanees  Bayliiw  and  Starling 
and  also  Bunch  have  obw^rved  as  the  ty[>iral  result  of  vagus  stimulation,  first 
a  brief  inhibition  and  then  a  eotitraeliitn  nrliieh  Us 
comes  (rtronger  and  stronper.  It  would  thui*  m-em 
Ihat  the  vagus  eontaiui^  Itoih  inhibitory  and  motor 
fibers,  the  former  with  a  short  and  the  latter  with  a 
long  latent  pcrio<l.  In  the  opinion  of  some  authors 
these  effeets  extend  to  both  muscle  layeri";  in  llie 
opinion  of  others  the  vagus  inhibits  the  longi- 
liidinnl  tibcr>;  and  excite^*  the  cireular  fibers  (Bhrman, 
Winkler). 

As  soon  as  the  intestinal  contaits  pass  into  Iho 
large  intestine  a  powerful  contra^'lion  of  the  awum 
■nd  enlon  can  lie  aeen  with  the  Riinigen  rays  (Can- 
non)   to   take    place,   and    the   contents    are   moved 

toward  the  rectum.  A  moment  later  perielalsis  ia  auerewlcd  by  antiperislalsis, 
antl  the  tatter  in  rhythmical  order  now  represents  the  usual  form  of  move- 
ment of  the  ascending  and  transverse  colon.  Finally,  however,  it  ceases,  the 
contents  eollec>t  in  the  transverse  t-olnn  and  are  driven  into  the  descending 
colon. 

As  for  the  inncrvntion  of  (he  la-rgo  intestine  and  irctnm,  RnyliHR  and  Star- 
ling have  shown  that  llie  formr  r  dppcived  of  its  nerves  nets  juat  as  does  the  Fmall 
interline  under  the  same  circunistance^.     The  va|ru»  >*  ^id  to  contain  motor 


all  nU 
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fibera  for  the  first  part  of  the  large  intestine.  The  other  parts  and  the  rectum 
are  supplied  by  the  lumbar  and  the  sacral  nerves.  The  former  arise  from  the 
second  to  the  fourth  lumbar  roots,  pass  through  the  sympathetic  to  the  inferior 
mesenteric  ganglion  and  so  to  the  intestine.  The  sacral  nerves  arising  from  the 
II-IV  sacral  roots  traverse  the  so-called  nervi  errigentes  (Langley,  cf.  page  233). 
[According  to  Elliott  the  large  intestine  also  receivee  inhibitor;  fibers  fnna 
the  sympathetic. — Ed.] 

FOURTH   SECTION 

DIGESTION   IN  THE  DIFFERENT  DIVISIONS  OF  THE 

ALIMENTARY  CANAL 

Now  that  we  have  become  acquainted  with  the  properties  of  the  different 
digestive  fluids,  and  the  processes  by  which  they  are  formed,  as  well  as  with 
the  niovement.s  of  the  alimentary  canal,  there  remains  yet  for  ub  to  consider 
the  digestive  process  itself  in  the  different  divisions  of  the  canal,  and  to  study 
the  relative  importance  of  each  division. 

By  wav  of  general  remark  it  must  Iw  emphasized  here  once  more  that 
appetite  is  of  great  and  deep-srated  importance  for  the  entire  activity  of  the 
digestive  apparatus.  Only  under  its  influence  does  a  plentiful  secretion  of 
gastric  juice  take  place  immediately  after  the  ingestion  of  food.  The  acid 
of  the  gastric  juice  in  turn  rouses  the  secretion  of  the  pancreas  which  then 
without  delay  pours  its  secretion  into  the  intestine;  when,  after  a  longer  or 
shorter  time,  the  stomach  is  emptied,  the  intestine  is  immediately  prepared 
to  continue  the  work  of  digestion  and  to  carry  it  forward  to  the  end. 

Our  knowledge  of  the  conditions  which  control  the  movements  of  the 
alimentary  canal  are  still  too  meager  to  permit  us  to  say  anything  as  to  the 
importance  of  appetite  and  of  eating  for  them.  Certain  observations  of 
Pawlow  show  that  desire  for  food  does  exert  an  actual  influence  on  the  move- 
ments of  the  stomach.  Thus  spontaneous  movements  of  this  organ  are  sup- 
pressed when  the  animal  is  greatly  excited  by  the  sight  of  food :  the  stomach 
is  preparing  itself  for  the  reception  of  food  {cf.  also  note,  page  28-i). 

g  1.    DIGESTION  IN  THE   MOUTH 

The  moi^t  important  function  of  the  mouth  with  reference  to  digestion 
is  the  mechanical  rwludion  of  the  food,  and  the  admixture  of  saliva  with  it. 
Substanci's  soluble  in  water  are  dissolved  by  the  saliva  and,  what  is  more 
important,  the  morsel  of  food  is  rendered  slippery  by  the  mucin  therein 
contained,  and  thus  is  the  more  easily  passed  through  the  gullet  to  the  stomach. 

Till'  ItitttT  function  is  confirmed  by  the  followinp  obsc-rvation  of  CI.  Bernard, 
An  o'sophani'iil  fistidii  wns  mode  in  the  neck  of  a  horse  and  the  animal  was  ^iven 
mouthful^^  iif  wet  oats.  Tn  one  minute  there  enmo  thnniph  the  openinf?  of  the 
fistula  .'>.">  ti.  i.if  i1k'  iiats.  After  the  «hipts  of  the  two  parotid  (rlanHs  wore  cut  off 
si>  as  til  shut  out  the  saliva  from  the  mouth,  only  14.4  r.  came  throuRh  in  one 
minute, — The  mucus  secreted  by  the  glands  of  the  pharynx  and  cesophagua  also 
aids  the  passage  of  the  bolus. 
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In  several  specie*  of  animals  «  diflstntio  cuxyme  in  wanting  in  the  luiliva, 
and  ill  tlicw  llie  phyrtinlogiciil  imporlarHH''  of  »«ilivfl  is  restricle*!  In  the  ahovB- 
mentiontil  purctv  iiiL-chanical  action.  In  gvn<.Tal  it  hiLs  \Hivi\  supposed  tliat 
even  whiTC  the  ptyaliii  is  present  the  formation  of  sugar  imiuciil  hy  it  plnp 
only  a  sulmnlinate  part  in  digestion,  either  becaiiw  of  the  nhort  time  the 
food  Tcmaiii.-t  in  Ihf  mouth,  or  hecnuitc  the  swallowetl  Baliro  irould  quickly 
low?  itt:  (liaHtatie  pifwur  on  ac-coiinl  <if  the  acid  of  Ihe  gastric  Juico.  The  laltwr 
roncluj'iiin  prwiumes  either  tli«1  Ihe  lu-id  eniitonl  of  Iho  gastric  jniro  is  Miffi- 
cii.'riily  high  to  neutralize  the  alkaline  reaetion  of  the  Mliva  at  once  or  that 
the  stornneh  content*  are  very  ipiiekly  pennoate*!  hy  tlie  gastric  juice.  But 
npithcr  prpsniiiplion  i«  warranted  liy  the  fnrt.«.  Hensny  has  shown  that  no 
niHch  as  eighty  per  cent  nf  the  carlmliy drain's  raised  from  the  human  stomach 
at  the  end  of  half  an  hour  i«  maltose  or  the  cla^ely  relalwl  dextrin.  Accord- 
ing to  Cannon  and  Day.  an  arid  reaction  in  the  interior  of  the  stomach  con- 
tents of  the  e^t  can  only  Iw  olii*rveii  after  one  to  one  and  one-half  hour?  from 
the  time  of  feeding,  and  during  this  time  the  |>lya!in  hai*  every  opportunity 
to  art  on  the  starch.  This  was  confirmed  also  by  direct  cxperimeni^  in  whidi 
human  saliva  was  giren. 

g2.    DIGESTION   IN   THE   STOUACH 

The  first  division  of  the  olimentan,'  canal  in  which  the  food  is  ehem- 
icalty  changetl  to  any  considerable  extent,  is  the  stomach.  Here  (he  carbo- 
hvflrntes  are  split  up  partly  hy  the  ptyalin  of  the  su-allowoil  saliva,  partly  l»y 
the  acid  and  the  Rncteria  of  the  stomach  contents.  Starch  paste  is  elmngiil 
by  the  acid  of  the  f^tomm^h  to  soluble  r^tnrch.  anfl  from  this  with  the  help  nf 
acid  fermentation  under  the  intluenee  of  Bacteria,  dextrin,  sugar  and  lactic 
acid  are  formed. 

Emulsified  fat  ia  split  to  a  conaidcrable  extent  by  the  etomach  ittcap^'in 
(cf.  page  250).  pAJWin  is  eoagulatod  under  the  inlluenu*  of  the  rennin.  and 
the  curd  thus  formed  is  diswolved  again  by  the  gastric  juice.  Moreover,  what 
w  of  particular  importance  for  the  nouri»>hnient  of  ehildr(>n.  almost  the 
entire  i|uanlity  of  phosphorus  from  the  rnrd  passes,  according  to  experiments 
in  pilru,  into  solution  in  organic  wpmbination.  The  passage  of  the  casi-in. 
which  i*  the  most  important  constituent  of  milk,  into  the  intestine  k  delayed 
by  it:^  coagulation  in  the  stomaeh. 

The  jtfpnin-h^ilrtirhloric  iti-iil  diiwoIve»>  all  kinds  nf  true  proteids.  the  gi^la- 
tin-forming  KUlMtancei;  and  elaj^tic  litu^ucs;  but  keratin  is  not  actetl  upon. 
'Hie  influence  of  gastric  juice  on  the  gelatin-forming  substances  appeurA  to  tte 
especially  jiignifiennt  for  the  wboje  proceRs  of  digi'T'tion ;  it  is  even  said  that 
they  are  dissolved  more  eiuily  and  more  completely  by  the  gastric  juice  than 
are  proteids  (Bikfalvi). 

This  is  quite  in  line  with  all  that  we  know  about  the  function  of  the  stomach. 
Thia  function  in  brief  \s  tn  transform  ibe  ingraled  fooil  into  n  »oupy  mass,  ibe 
ehj-me — to  prepare  it.  in  other  wordu,  for  entrance  into  the  intestine.  The  abil- 
ity of  the  frastric  juice  to  diwolve  jreUitin-forminB  subatancea  aids  in  this  direc- 
tion; for  the  tissue  elements  which  bind  tofrether  the  eelbt  of  the  animal  fuoda 
are  comiK^ed  of  just  such  siibstnnec,  and  as  souu  as  they  arc  diasidvei]  the  ceUa 
are  set  free  and  tlie  ebymc  is  formed. 
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It  is  naturally  a  matter  of  gnnt  intermit  to  detenttine  how  the  traosfonna- 

tion  of  proipid  arttialty  j;oe»  on  in  t\\e  stomacVi;  for  one  can  nt^ver  form  any 

idefinite  rt>nrIa!(ion  aboat  the  clfnrage?  actnalty  taking  ptaoe   in   life   fmin 

'«xperinitfnt«  in  ptiro   ^page  244).     Among  ihc  more  recent  eontribotioiui    to 

oar  knowledge  of  this  subject  are  the  reBearchee  of  Zunz  on  the  digestion  of 

It  in  thp  stomach  of  the  dog.  At  whaterer  time  betw^n  one-half  hour 
sis  hours  afl^T  fcoding,  the  iitomach  mntents  were  obtained,  Ibey  con- 
Ijiited  in  by  far  the  greatest  part  felghty-slx  to  ninety-^ight  per  c^nt  of  the 
total  nitrogen)  of  albiimo«».  Acid  albumin  wa^i  preivnt  only  in  »malt  quan- 
tities and  the  total  quantity  of  peptones,  peploidt:  and  end  products  naty  ex- 
ceptionally reaehfd  more  Iban  ten  per  cent  of  the  total  nitrogen.  Among  the 
latter  wa.''  found  only  a  very  sparing  quantity  of  crystalline  products,  lencin 
tynwin.  etc.,  and  thc^e  might  hare  been  formed  pre«-iou.<ly  in  tlie  meat  fed. 

Thew  result*  are  to  he  explained  in  one  of  two  woys:  either  the  clcava|te' 
of  proteid  in  the  titomach  proe(*ds  only  so  far  that  about  ten  per  cent  of  the 
proteid-X  i*  transformed  into  end  product.*,  or  the  end  pnxlucts  as  they  are 
formed  are  abswrlted  more  rapidly  through  the  stomach  wall  than  the  nlbu- 
moras.  It  is  not  easily  conceivable  that  the  end  products  already  in  solution 
abonld  paas  into  the  duodenum  more  rapidly  than  the  albumoscs  present  in 
Ifae  mme  sdution. 

Looking  to  a  deciision  between  these  two  poet^ibilitieA,  Reach  made  experi- 
^naenU  on  surviving  i;tomai-li>«.  The  animaU  were  killed  ai  the  end  of  the 
second  hour  of  digestion;  the  stomach,  tied  oEE  at  both  end«  and  cut  out  of 
the  body,  was  maintained  for  four  hours  longer  in  a  moist  chamber  at  blood 
temperature.  Since  no  abwirptimi  cimUi  lake  [>lace,  thin  exi>ennient  was  well 
^calculated  to  show  how  far  the  clearage  of  proteid  had  actually  gone.  The 
TCsiUt  was  that  thirty-two  to  fifty-six  per  cent  of  the  total  X  in  solution  {arer- 
age  forty-four  per  cent)  was  present  in  the  form  of  albumose^.  and  fifty-sis 
per  cent  in  the  form  of  peptono-s  and  end  produeL?.  the  laiu^r  alone  containing 
Bome  thirty-two  |ier  cent  of  the  total  nitrogen.    It  appears  therefore  that  ilic 

)n  for  the  ninety  per  cent  and  more  of  albumoM  nitrogen  found  in  tha 
intravital  digestion  in  not  that  the  enzyme  action  stops  at  the  nlbumosc  f^tage, 
but  that  absorption  going  on  at  the  same  time  removes  the  simpler  products 
very  rapidly. 

Partly  because  of  its  kydrochhric  acid,  and  partly  qviie  intleptndentty 
thereof  {l/miion),  the  gastric  juice  plays  no  small  role  as  on  antiseptic.  ITiia 
property  of  the  gantric  juice  U  by  nn  nioanrt  tjufficient  to  destroy  all  the  Bac- 
teria which  find  their  way  into  the  stomach;  for  very  many  are  found  through- 
out the  alimentary  canal,  and  in  certain  species  of  animaU  tliey  play  a  vcrv 
important  jwrl — nf  which  more  under  the  discussion  of  intestinal  digestion. 

Since  the  food  always  remains  for  a  tolerably  long  time  in  the  stomach, 
this  organ  most  of  nil  mu.^t  suffer  the  harmful  effects  of  an  il1-adapie<l  diet. 
We  speak  al^o  of  a  digestible  or  indigestible  article  of  food  according  n-s  it  is! 
digested  with  greater  or  less  ease  in  the  stomach.  It  would  lie  very  impor-! 
tant,  therefore,  if  general  niles  could  lie  established  as  to  what  is  digcstiblej 
and  what  is  not.  Unfortunately,  however,  this  can  be  done  only  to  a  very] 
limited  extent,  for  the  stomach  i-«  very  capricious,  and  what  is  well  suitccl  to! 
one  Atomach  \a  unsuited  for  another. 
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Attempts  have  been  made  to  determine  the  digestibility  of  different  articlcB 
of  diet  and  dishe»  by  subjeoting  lh«  atoniftoli  tiontout^  obtuinc-d  from  fistulous 
[laticQtJi  or  frum  ht^althy  iiidiviilual»  b^'  oieniM  vi  the  btoiimeii  tuba,  to  investi- 
gBttun  aL  certain  intervals  after  eating.  But  it  has  been  shown  that  in  the  same 
IM-nton  the  same  fiHid  on  diffen-nl  ocfruBimiH  n-quires  a  very  different  time  for 
itft  formatiuii  into  chyme.  A  prusimtation  of  theMs  results  would  eall  for  a  diH- 
cUKiiioi)  ul  a  mat»  of  detailit  wbicli  would  he  out  uf  ]dace  here.  Ke»>i<le!ii.  the 
fact  just  ?tnted  has  lost  mueh  of  ita  Blrangenoiu  in  view  of  the  rceeiit  contribu- 
tioniL  on  the  efmdilions  nf  si>cn:-tion  in  Ihe  stomueb  (pnRe  2H3>, 

Xeverthelew,  the  following  general  principles  as  to  the  digestibility  of  a  diet 
in  the  stouiaeh  may  be  laid  down: 

(1)  A  too  ToluminouB  meal  is  hannftil  to  the  stomach ;  for  in  order  that  it 
mny  be  properly  Maturated  with  gastric  juice,  a  very  copious  secretion — Lc..  a 
great  effort  on  the  part  of  fbe  giiAtric  gtntidx — in  rei]uired,  and  in  ordi^r  ti>  kni'ad 
and  mix  it  thoroughly,  an  unusual  demand  is  made  upon  tlte  Ktomaeh  niuft- 
eulature. 

(2)  Poorly  masticated  or  very  eompnct  food  will  likewise  cnll  for  too  great 
an  effort  on  the  part  of  the  Htomach;  for  the  larger  and  more  compact  tlu*  pie«-» 
swallowed,  the  lonm-r  will  bu  the  timu  required  t«j  saturate  tbein  with  gastric 
juice  and  dtKsolve  them. 

(3)  Animal  foods  which  are  tougb^-c.  g.,  meot  from  old,  poorly  nourished 
animals — are  difficult  to  rhew.  and  offer  great  resitttanre  to  the  action  of  the 
stomach.  The  looser  nnd  more  por«-)Us  the  food,  the  more  easily  is  it  digrstrtl 
in  the  stomach;  a  sick  or  weakly  stomach,  therefore,  rcccivos  best  a  soft  or 
gnielly  food. 

(4)  Fat  in  the  food  has  a  great  influence.*  partly  through  its  inhibitory  action 
on  the  glands  of  the  stomach.  But  not  only  so;  if  ii  permeates  the  fooil  tlior- 
oughly,  it  forms  a  kind  of  protective  film,  which  prevents  the  entrance  of  the 
gantric  juice  to  the  proteid  or  gelatin  constituents.  This  is  especially  true  if 
the  fat  eaten  be  not  fluid  at  the  body  temperature. 

(5)  Strung  &pic;cs.  alcohol,  etc.,  act  unfavombly  on  digestion  in  the  stomach. 
l»urtly  hi-rause,  na  with  alcohol  in  great  concentration  at  least,  they  reduce  the 
action  of  the  gastric  juice  on  the  food  in  some  way  or  other. 

(U)  Digestiou  in  the  stomach  is  influenced  also  by  other  circumstances  than 
tlw  character  of  the  fuod.  Thus  the  digestive  power  of  Ihe  gastric  juice  is 
reduced  for  a  time  by  intense  swcnting,  since  both  the  IICl  and  the  absolute 
quantity  of  the  secretion  are  thereby  diminished.  Again  exhaustion  frum  intense 
muscular  work  cauftes  a  decrense  in  the  quantity  of  gastric  juice,  which  becomps 
thick,  ropy  and  strongly  mucous.  It  has  even  been  ob^ierved  that  stomach  diges- 
tion ceases  entir^-ly  under  heavy  muscular  work. 

Since  the  function  of  the  stomach  is  to  change  the  food  into  a  semifluid  or 
gruelly  mass,  one  might  suppose  a  priori  that  the  stomach  eould  be  dispensed 
•with  entirely,  if  the  food  taken  were  already  of  this  gmcllike  nature.  And  this 
is  in  fact  the  catiB.  The  stomach  has  been  «ucce»tifully  removed  from  dofa 
(Cieray),  cats,  and  even  from  men  suffering  from  carcinoma  of  llie  stomach, 
without  endangering  life  or  preventing  digestion.  Tt  is  only  nocessary  to  admin- 
ister food  in  small  portions  and  in  a  very  finely  divided  state  in  order  to  main- 
tain life  as  usnaL 

Our  knowledge  of  gastric  digestion  and  related  phenomena  show  ther^ 
fore  llial  the  essential  funclion  <>f  the  stomach,  «.side  from  the  antiseptic 
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Mt^i'/ti  qf  the  gi£tric  jnice,  !<■  that  of  trmfformiiig  cbe  food  into  a  gmdlj 
mtj^ ;  l>at  that  its  work  can  be  replaced  br  careful  conuninntion  of  die  food 
t^f'/r*;  fating.  And  yet  ihL*  r6Ie  of  the  stomach  i~  of  verr  great  impcMlMiioe ; 
for  it  ijf  owing  to  the  ga^ric  digestion  that  we  can  atilizie  all  posgible  kinda 
of  UifMi  tor  OUT  nouri.-hment.  and  can  limit  oar  eating  to  a  few  meals  per 
day.  If  ih*:  f'Ki'l  were  to  Jje  introduced  immediately  into  the  intestizie.  we 
would  lie  i:ttni}iiMt^\  to  eat  only  fluid  or  femiflnid  food^.  and  it  vonld  be 
neneii^ry  to  eat  much  more  frequently  than  we  do.  More  than  that,  the 
»loma<rh  prot^rt-  the  intestine  frr^m  eices^eii  of  temperature  whether  high  or 
low  and  from  all  kind-  of  harmful  irubsunces.  It  brings  all  the  food  to  the 
teinFf^rnittirc  of  the  ly>dy  and  dilates  harmful  sub^ances  with  the  gastric 
jui(-<:  \it'foT*f  allowing  them  to  pa^«  into  the  intestine.  In  short,  the  stomach 
ii^  a  prottfting  organ  for  the  intestine,  and  permits  us  to  derive  our  sus- 
tenance from  a  ver;'  great  variety  of  foods. 

g  .3.    DIGESnOF  m  THE   DITESTniE 

Comparative  anatomy  teaches  as  that  the  length  and  diameter  of  the 
intestine  are  intimately  related  to  the  character  of  the  food  of  the  animal 
.ip**ie*!.  In  carnivorous  animals  the  intestine  is  considerably  shorter  than 
in  herhivorou!<  animals;  while  in  man  its  length  is  intermediate  between 
tlifsif*  two  extremes. 

Til';  mont  important  part  of  the  work  of  digestion  is  carried  out  in  the 
intiMtine,  and,  aij  it  appears,  chiefly  under  the  influence  of  the  pancreatic 
*K:retion, 

When  the  chyme  enters  the  intestine  from  the  t^tomach  it  is  subjected  to 
the  action  of  this  secretion,  of  the  bile  and  of  the  intestinal  juice. 

The  pancreatic  secretion  continues  the  transformation  of  proteids  begun 
in  the  stomach.  Ah  we  have  already  seen,  the  proteolytic  enzyme  of  the  pan- 
i-n;as  is  essentially  different  from  that  of  the  stomach.  We  may  add  to  what 
was  saiil  iM-forc  that  the  pancreatic  juice  acts  rather  feebly  on  the  gelatin- 
forming'  Ktihstancus  (cf.  page  291).  whereas  it  acts  very  powerfully  on  the 
trill-  proteids.  This  fact  is  in  perfect  agreement  with  tlie  condition  already 
ctniiliaKizfNJ.  that  the  food  must  Iw  of  a  gruelly  nature  in  order  to  be  adapted 
for  cligcstion  in  the  intestine.  The  proteolytic,  the  amylolytic  and  especially 
the  li[H)lytic  action  of  the  pancreatic  juice  arc  assisted  in  some  way  not  fully 
iiriderstooil  by  the  hilo  ( Kachford  and  Soiithgate,  Bruno,  I'ssow), 

The  f)<-tii>n  of  pcpsin-IICl  on  profeid  is  soon  stopped  in  the  intestine.  In 
the  firnt  pince  the  bile  hinders  the  swellinff  of  proteid  ncccssarj-  for  pepsin  diges- 
tion; moreover  it  bus  the  property  of  precipitating  proteids  in  acid  solution, 
wlH'iU'i'  the  )H-psiii  iH  removed  from  the  fluid  with  the  precipitate.  This  precipi- 
fiitioii  of  proteids  by  the  bile  can  be  ver>-  prettily  demonstrated  in  vitro;  but  in 
iniliind  flinestioii  it  appears  to  transpire  only  to  a  slight  extent;  for  the  bile- 
acid  ]>rcfi|iiliitc  is  easily  n'<iiss(>lved  b.v  the  bile  salts,  and  by  other  salts  like 
soiliiiin  cbloridc.  bietate  or  acetate.  It  is  stated  also  that  one  never  finds  any 
Hiicb  pri'i'i|iilat<'  in  the  intestine  of  an  animal  killed  during  digestion. 

llydnii-lilorie  acid  in  small  quantities  has  no  harmful  effect  on  tryptic  digcs- 
tiiiii  mid  is  even  said  to  favor  it  in  the  presence  of  bile. 
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With  rcjiard  to  tlie  frirnt  of  digrHum  of  pmteuis  in  the  intestine,  Zum 
has  fdiiui)  Ihat  in  the  up]H.>rinottt  50  en],  of  its  leu^^h  the  relative  ipmntities 
n(  alliiirtio.'if  Hrid  cnel  ]ir()iiucts  varifK  iti  fijvnr  of  ihe  latti-r,  the  lonjivr  digea* 
tioTi  rfjiitinutM.  After  four  hours,  the  iiiirii^cn  in  llir  fnrm  of  albumoae 
amounts  to  M'Tcnty-six  to  ninetr-fivc  per  cunt  of  the  tniul  ttilrrjgi-n;  after  six 
hours,  wventy-one  to  eiphty-throe  per  ctnt;  after  eight  houre.  forty-four  to 
forty-six  per  cent:  and  after  ten  hours,  thirty-two  lo  fnrly-foiir  per  oent. 
The  end  priwlucts  iiieroase  ihcrefnre  with  the  duratioii  of  dip-siiim.  We 
cannot  draw  from  this  any  jx'sitive  concluiiion  as  lo  IIr-  form  in  wUieh  the 
digested  proteid  is  chiefly  nhsorhed,  for  it  niifrht  very  well  Ite  that  the  albu- 
mosc's  ore  more  quickly  alworlHxi  from  lh<!  iutetitine  than  are  the  end  products. 
We  shall  di*ous»  thi:*  fjnestion  more  fully  in  our  stndy  of  fihiwirplion. 

Proteid  and  its  digestive  proiliiclji  are  iitlaekt-d  also  by  Xlio  HadFria  pres- 
ent in  the  inteHtitie.  To  judge  from  ohservatioUM  on  men  with  intestinal 
fistnlir,  this  action  \f>  only  ver>*  slight;  and  this  'm.  prolinhly  the  reason  why 
tht!  contents  of  the  i^mfilj  intei*tino  liavp  no  fwal  odor.  In  the  Urge  inlcti- 
tino  the  Rncteria  uet  riiueh  nioi-e  extenHivoly  on  the  pmteid.  and  ns  a  result 
we  Rnd  there  bcjiidcs  cnrhon  dioxide  and  marsh  gas,  siilphiireunl  hydrogen, 
methyl  mcrcraptan,  skatol.  phenol,  etc.,  which  give  the  fa-ces  tlifir  eharac-ter- 
istie  odor.  Tht-  bile  pigment;*  arc  destroyed  in  the  large  intestine  by  Huetoria, 
and  bilinibin  it)  clianged  into  stcrkobilin,  whieh  is  probably  identical  with 
urobilin. 

The  putrefaetive  produet«  ariainK  in  the  int^tine.  which  in  »o  far  as  they 
are  bnRte  in  charaeter  (like  choHD  and  the  diffenmt  urte  noid  ai>d  crcatiii  deriva- 
tive*), arc  called  ttticomatnes,  arc  lakfti  up  l)>'  thu  blood  iiiui  are  ihero  changed 
by  chemifnl  runrlioiiH  into  wlativply  hjirmlnss  Kuht^tanens.  niid  are  finally  elimi- 
nated in  the  urine.  pV^rmed  in  ton  large  quantities  and  abtsorbod.  however,  they' 
may  rt-main  in  the  body  and  canse  a  kind  of  poisoning,  autointoxiralion,  which 
pri>diier»i  more  or  h-«n  profound  diHlurbaiice«  of  ibe  nystfrn. 

Moreover,  the  bod.v  strives  in  man;  waj's  to  overcome  all  kinds  of  poitonout 
iubatanceg  wbieb  may  lie  taken  up  with  ihv  fuod.  Some  are  not  absorbed  from 
Ihe  iaiestiue,  some,  as  in  the  cast!  of  the  different  Bacterial  deeomposilion  prod- 
ucts, are  dcatroyed  by  the  digestive  fluids,  some  are  retained  and  rendered 
innoeuouA  by  the  liver  and  the  moflenteric  glnnd-i.  Tt  it*  plain  that  the.-ie  proc- 
esves,  which  ennnift  be  disfntuwd  more  fully  bon.-,  art-  of  the  very  ureateet  im- 
portaitce  for  ilie  body,  althnutfh  the  proteelion  provided  by  them  is  not  in  all 
oasM  auilieienl  Lo  mivo  the  budj-  frmn  poisoning. 

Until  reeently  it  wan  rather  genemlly  aj<eumed  that  fat  is  partly  broken 
down  by  the  pancreatic  juice  into  the  fatty  acids  and  glycerin,  that  the  former 
unite  with  ihe  alkalic*  of  the  intestine  to  form  soaps,  and  that  the  sojips 
bring  about  an  cmukification  of  the  fat.  On  fteenunt  of  its  alkalies  bile  waa 
said  to  play  a  prominent  part.  I'nlike  the  other  nutritive  tubstanees  fat 
would  then  pass  from  the  intestinal  eavity  into  the  mucous  membraDC.  not 
in  ralnlion  but  in  the  form  of  an  emulsion.  The  following  two  facts  aupport 
this  view:  rancid  fat  is  emulsified  easily  by  alkalies,  and  the  absorption  of 
fata  from  the  interline  is  vcr)-  considerably  reduced  by  exclusion  of  the  bile. 

But  by  more  exact  investigation  of  Ihe  phenomena  aci'oinpmnying  afeorp- 
tion  of  fat  aeveral  facts  have  come  to  light  wtiicb  tipcak  strongly  against  this 
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conc^tion.  Free  fatty  acids  are  rery  veil  absorbed  from  the  intestliie  even 
Then  their  melting  poiot  is  higher  than  50'  C.  and  when  ther  cannot  there- 
fore tjecome  fluid  in  the  body  (I-  Mnnk).  The  £ne  emulsion,  known  by  the 
name  of  chyle,  is  in  many  cases  «itire)y  wanting  from  the  intestine  of 
the  dog :  and  even  when  chyle  is  introdoctd  into  the  intestine,  the  fine  emnl- 
sion  entirely  disappears  after  three  hours,  and  there  is  found  now  only  larger 
fat  drops  surrounded  by  a  turbid  granular  mass.  I>iaoUn  which  is  a  mixture 
mating  at  40'— 12~  C.  made  up  of  compounds  of  fatty  acids  with  cbcdesterin, 
Lfocholesterin.  etc..  very  difficult  to  split  into  their  con^ituent?.  is  not  ab- 
sorbed at  all  from  the  intestine  of  the  dog  ( Cohnsiein  t .  Finally  the  histolog- 
ical findings  in  preparations  of  the  intestinal  mucosa  made  during  absorption 
of  fat  are  of  such  a  character  that  they  can  scarcely  be  explained  from  the 
standpoint  of  the  emulsion  hypothesis  (cf.  page  3iJt4). 

Against  the  emulsion  hypothesis  it  has  been  observed  also  that  in  the  dog 
the  reaction  throughout  the  greater  part  of  the  small  intestine  is  acid  in  spite 
of  very  active  absorption  of  fat :  and  in  man  the  reaction  of  the  small  intestine 
is  said  to  be  acid.  This  reaction,  however,  is  caused  by  an  excess  of  oisanic 
acids  and  of  carbon  dioxide,  and  cannot  be  adduced  as  proof  against  an  erentua] 
formation  of  soaps  (Moore  and  Rockwood). 

In  the  light  of  these  facts  the  emulsion  theory  cannot  be  looked  upon  as 
sufficiently  well  founded,  and  in  fact  another  possibility  is  at  hand  to  explain 
the  absoqftion  of  fats.  This  is.  that  the  fais  arc  complftflu  decomposed  in  the 
intestine  and  that  the  fatty  acids  formed  are  absorbed  either  as  soaps  or  in  a 
solution  brought  about  by  the  bile. 

Thi*  view,  advocated  especially  by  Altmann.  Pfliiger.  Moore  and  Kateh- 
fonl.  and  supported  by  many  histological  facts,  is  not  contradicted  by  anything 
known  concerning  the  extent  of  the  decomposition  of  fats  in  the  intestine, 
for  that  decomposition  is  in  fact  very  great.  To  find,  after  feeding  neutral 
fat.  that  some  of  it  is  not  decomposed,  of  course  proves  nothing  against  the 
assumption,  for  the  free  fatty  acids  are  absorbed  as  they  are  formed,  and  if 
the  absorption  goes  on  properly  they  might  never  be  present  in  large  quantitr 
in  the  intestine. 

It  has  been  known  since  Strecker's  lime  (1S4S1  that  bile  and  bile  salts  di»- 
grdve  fatty  acids  quite  easily.  One  hundred  c.c.  of  dop's  bile  can  dissolve  6  g. 
of  mixed  fatty  acids  from  swine's  fat.  5.5  g,  fr\im  ox  fat  and  i  g.  from  sheep's 
fat.  The  stilubility  r.f  the  fatty  acids  in  the  hiie  depends  therefore  essentially 
on  the  presence  of  oleic  acid,  which  has  been  shown  alsii  by  direct  experiment. 
The  bile  salts  d  themselves  have  a  much  smaller  solvent  power  than  the  bile, 
among  whow  constituents  lecithin  must  be  the  most  important  for  this  action. 
The  solubility  of  soaps  is  increased  also  by  the  bile. 

After  exclusion  of  bile  from  the  intestine,  the  absorption  of  fata  declines 
con .'■iil'^T ably — a  faet  very  easily  understood  in  the  light  of  the  conception  now 
under  di^cu^^irin.  But  even  under  these  circumstances  a  certain  quantity  is 
absorlf'l.  prnbably  in  the  form  of  soaps.  In  the  intestin.il  ciintents  thet«  is 
alway.  found  undf-r  n^-rmal  cirrunistanees  more  alkali  thiiii  is  necessary  for  the 
neutralizatinn  "f  iht-  iunrganic  acids  present,  and  thore  iveurs  a?  a  consequence 
a  certain   amount   of  saponification.     The  soaps   as   ilk-y  are   taken   up   by   the 
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tDle8tlDal  tnuco«n  arc  aKaiii  tltHHiutjXiKtiJ  iiitu  fatly  aoids  and  alkalies,  aiid  the 
alltHlirt)  would  then  he  at  the  disposal  nf  the  intcittiiinl  rontentn  nnnc  roon'. 

Likewise  whfii  th«t  pancreas  is  ejctirpatwl.  thp  utlliKalioD  of  fat*  is  usually 
much  diiiiiiitsh'-d  if  wA  cntirvly  8topp«.'d;  f«tty  acids  arc  then  found  in  bIhiii- 
daiu>e  in  the  fu'ct-ii.  The  paurn-aii  may  be  cuu^ofl  (o  wame  away  bIowLv.  if  it" 
Hurt  he  liRntfd  niid  ",2  |M*r  ct'nt  sulphuric  arid  be  injpcti^  into  ihp  fflfind.  In 
thirt  case  tht-  absorption  of  fat  declines,  but  not  to  luiy  cuiwidcnililc  f^xtcnt  nntil 
n  luii|p?r  time  hae  clape«d  than  in  the  case  of  extirpation.  The  clcavufcp  of  fat 
iind^r  Huoh  cin;uniHrjinc!(W  miRht  be  brnutirht  about  eitiier  by  the  cniyme  (formed 
in  oells  which  are  etill  functional)  bcini?  absorbed  and  niichinn  the  intcsliuc  by 
sonir*  njundHbont  way,  or,  aa  after  extirpation,  throuph  the  agency  of  Bacteria 
(KoMnbers).     But  the  question  is  not  yet  finally  aettled. 

If  ih('  cnnceplion  here  prmented  is  in  Iht*  main  corrw't,  tl«^n  thn  jirinciplo 
upon  which  the  (ran-«forniation  of  fooditlutTii  in  th<?  alimentary  canal  proceeda 
would  be  the  sanifi  for  all,  namely:  they  arc  changed  hy  hythoJ^tif:  rleavagai 
into  tiubstancva  which  can  l)i>  brought  into  t^olutlon  liy  the  fluids  present  in 
thi>  alimentary  canal,  or  by  Uuidi?  poured  into  it  fnun  the  )i!and«. 

The  parhohtjtiratcft  are  changed  into  wdiible  carlmhydrates  principally  in 
the  inteiiitine.  Tlit>  pancreatic  juice  plays  Ihe  chier  part  in  Ihis,  altliough  it  \* 
assisterl  by  the  hile  and  the  intestinal  juice.  Besides,  the  Raeteria  present 
act  upon  the  carbohydrates  to  a  considerable  extent.  In  thi;4  way,  parljcu- 
larly  in  the  (*mall  intestine,  alcohol,  lat-tic  acid,  acetic  acid  and  succinic  acid 
among  other  ihings  (Nencki  and  hia  pupils)  are  formed.  The  acid  rcartion 
of  the  Inlwtinal  ccmteutK  depends  in  part  on  the^e  pr<Klucli>. 

The  inirstinai  BacUrut  have  a  xf^ry  Kj>e<^inl  part  to  play  in  the  herliivoroui 
animals ;  for  by  their  agcuc}*  cellulose  is  decomposed  and  the  foodstuffs  locked 
up  by  it  are  madu  accetf«ible  to  the  digestive  iluid«  (Tappciner). 
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The  participation  of  Bacteria  does  not  appear  to  be  necessary  in  the  diRwition 
of  animal  foods,  for  various  polar  auiutnls  have  no  llucicria  at  all  In  iliu  intes- 
tinal cuntcjits  (K.  l^'win).  ThJiTfeldt-r  and  Nullul  havt<  dfrnunst rated  the  same 
thinK  for  Riunea  pigB  fttd  on  milk  and  finely  prc[>ared  vi^table  ftwd.  such  na 
cflkca.  Sehottclius  succeeded  also  in  maintainiitf;  chiok-fl  for  a  time  on  perfectly 
sterile  fo(Mt.  Hut  from  twelve  day*  on  the  nriimals  decreasj-d  tn  weinht  and  dJod 
of  bunfccr  at  about  Iht-  seventeenth  day.  From  this  it  seems  that  a  coone  vege- 
table diet  cannot  be  properly  and  eonliuiiowtly  diKpoHnl  of  by  the  bitdier  aniniala 
without  Raeteria.  And  yet  it  must  be  adde<l  that  the  fnrt.t  arc  hy  no  meana 
auffleient  to  warrant  dftiiiite  conolusiona,  for  Lewin  finds  the  intestine  perfectly 
sterile  in  hfrbivumuM  |K>liir  Animals. 

In  the  lower  animate  enx^vmes  (oytaBes)  have  been  dtnnonstrated  wliicb  ihi'm- 
K-lvc*  destroy  celluloise.  The  secretion  of  the  snail's  liver  is  an  instance  (Bieder* 
mann  and  Moriti:;  cf.  page  110). 

The  fmlrefactive  procewts  in  the  intestine  are  generally  r«i»tricted  within 
very  moderate  limit*.  The  reawn  lien  partly  in  the  action  of  tho  hydrochloric 
acid  of  the  gastric  juice  which  Teduce<t  the  number  of  Bacteria  entering  the 
intei^tine.  and  partly  in  the  fact  that  the  foodstuffs  as  soon  as  they  are  sufU- 
eii-nlly  digested,  are  removed  by  absorption  from  the  sphere  of  influence  of 
the  Bacteria, 
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A  rery  intense  putrrfactiTt  proresa  has  often  been  nbaerred  in  animals  with 
a  biliary  fifitula.  and  on  thi5  ground  it  han  been  aRstuncd  that  the  bile  i»  a  pow- 
erful antiseptic.  But  this  eonetusion  ia  not  L-orroct;  for  in  the  fimt  place  it  has 
befn  iihi>wn  by  dinvt  exi>erimfiiti«  that  bile  it*  iiut  a  iP""!  Hiili'urpti*'  ivaft^ut, 
although  it  does  exert  an  adrenw  tnflueoev  on  tbe  development  of  certaiu  Bac- 
teria for  a  »hort  tiinc-:  and  in  the  second  platn'.  aiiimnU  with  a  biliary  fistula 
which  receive  little  or  no  f«l  but  plenty  of  otlwr  itioA.  do  not,  in  spite  of  the 
(iivvntion  of  tbe  bile,  experience  any  more  putrefaction  in  the  int«-»tine  than  do 
norninl  onimnls.  Tbe  loss  of  bile  h  tberefonr  not  of  itiwlf  the  cause  of  the  potre- 
faetion,  when  the  diet  ia  not  exactly  rrtndatrd.  It  is  rather  tit  be  explaiueil  by 
the  Hcanty  absorption  of  fat;  for  vhen  fat  retnaiiis  in  tbe  iutentine  as  a  foreiini 
body,  it  affords  a  good  culture  niedium  for  all  kinds  of  Bacteria,  which  multiply 
prodifriously  and  produce  an  iutcniw  putrofaction,  niiil  tbnuigh  this  a  serere 
tDtCKtirial  r.-atarrh. 

The  same  thinp  bsppenx  with  new  bom  children  when  they  are  fed  with 
atarchfv.  Tin;  starch  is  inconipK'Icly  ditfcsicd  in  tbe  intc^tiiic.  it  rcmaitu  there 
AH  n  foreiirn  body  and  an  offensive  diarrhea  develops,  notirithstanding  the  pres- 
ence of  bile. 

A  large  pari  of  the  small  intestine  can  be  removed  from  man  »»  well  as 
fmm  animals,  ami  dipMiion  will  not  b+'  inlerfen'il  with  lo  any  mniiMlerahle 
extent.  .'Xfter  tin*  rt'inuval  of  .1,1  in.  of  the  interline  of  a  matt,  however,  the 
inlciitinal  evacuationi)  were  more  abuti'diint  and  the  utilization  of  praleid  was 
li^Hft  limn  nrtrmal  (Kiva-Kocci).  In  the  do^  ualy  flight  pci-manmit  ehangeg 
made  tboir  sppearancc,  when  aa  much  as  seventy  per  rent  of  the  intestine 
was  extirpalcil;  alllioiiKh  (bf  diet  liad  lo  lie  carefully  regulated  and  an  excess 
of  fat  e!i|)et;ially  avoided  (Erlangcr  and  Hewlett). 


* 


§4.    FORMATION   OF  FAECES  AlTD   DEFECATION 

Digestiiin  is  continued  in  the  large  intestine  by  enzymes  cnrricd  in  with 
the  iute^tinal  contents,  hi  the  doy.  di^'eHllon  in  this  part  of  the  alimentary 
ranal  appeuFf*  to  be  of  little  iniportanee,  sitice  complete  removal  of  the  larjst; 
intestine  reduce?  the  alworptlon  of  foodstuffs  but  glightly.  The  protcids  only 
are  Ivsn  jwrfceltv  titiliKcil  tluin  normally  (Itarley). 

In  licrhivorritis  animals  l)i[>  Inr^'c  into^tine  muM  piny  a  more  important 
part,  for  in  the  hor*e,  for  example,  ihc  caH-uni  is  two  t*i  three  times  as  larj^ 
as  the  stomach.  And  yet  rabbits  from  which  Ibe  cawum  is  removed  live  for 
months  withoiil  t>howiiig  auy  |>orniaiient  disorder  in  the  digestion  or  iti  tho 
general  health  ( Hnltprn  and  Ber^ian). 

The  rhief  fumiiott  of  the  Inrge  Intestine  ia  to  provide  for  the  ab»ir|tiioQ 
of  fooitsluffs  capable  of  being  ahsorlwd  which  hnve  not  already  Inwn  enird 
for  by  tlie  sniall  intestine,  and  by  withdrawal  nf  wnter  to  reduce  the  residue 
In  a  firmer  eonsisleiicy.  Tho  inteiitinal  tonlcDts  thus  Iram-formod  are  then 
finally  voided  from  the  l)ody  aa  the  firres. 

The  face*  contain  some  undi^'siwi  constituents  of  tho  food,  some  unab- 
sorlied  product*  of  digestion,  putrefaction  and  fermentation  in  the  intestine, 
dead  intestinal  epithelium  and  residues  of  the  digestive  fluids,  and  finally 
^ubritanceb  which  arc  given  off  by  tbe  wall  of  the  alimeatary  catial  a^  excre- 


tory  products  (cf.  pages  133.  308).  Ilu-  quantity  of  fn?c«s  uvacuatod  daily 
Yarie«  somcwliat  acrordinp  to  liw  natun-  iiinl  i)iiantil_v  of  (!u'  ffuxi  eatpn.  With 
nil  onltniirv  ilict  it  iset^timntn]  for  Ilic  lultill  man  at  120-150  f^.  wil)i  SO-ST  g. 
dry  &uWtance. 

The  hnnjenod  masses  to  be  removed  eollcct  in  the  lnr;je  intMtinr  and  in 
the  riHiuiii.  and  are  from  time  to  time  diseharged  from  the  hody.  The 
herbivorous  animals  (whose  food  is  itself  very  voluminous,  and  in  which  the 
work  nf  digestion  goea  on  continuously)  have  fTr<|nent  ovacuatioos,  nolwith- 
Htaniling  Iht-gn^al  diariK-lerof  Ihe  intcjstinc.  With  earnivoroue  animals,  whose 
food  id  very  coiiix'iitralcii.  ihe  fa?<.tis  are  voided  les.s  frequently.  Man  ordina- 
rily h(w  one  rtlof)l  pr-r  dny. 

The  intestinal  <'untontfi  ary  rt'tnined  in  the  recuim  by  the  tonie  contraction 
of  the  two  !»pliinctera.  the  JtpkiTulrr  nm  fxferntt.-*  ami  irfU-rmm.  The  idgmnid 
(lexure  of  llit'  ili-sivnding  rolnn  1ms  the  efTeet  of  lo!*,-icning  the  lond  lo  he  Imrne 
by  the  !*])liinfterB.  The  aetion  of  the  outer  Kphinctor  is  strengthened  by  the 
levator  nni.  thin  muscle  Iwing  thrown  round  tlie  rectum  like  a  lonp. 


Thv  fftiler  fur  the  cxteniol  sphtnvler  in  lUe  rabbit  lies  wilhiii  llio  mjiiual  (^irri 
in  Ihu  reKion  of  (he  sixth  to  Ihe  seventh  lumbar  verti-bro.  iu  the  <Il'B  at  nbout  the 
lower  end  uf  iIil-  lifth  lumbar  vertebra.  Sinn.-  thix  spbinrler  i^uii  be  streiiitilheued 
Tnluntarily.  this  M'liter  is  also  under  the  inflnenee  nf  the  higher  nerve  (fiiiern. 
rontmetiont*  of  iho  i*phiiictcT«  arc  obtninrd  by  !«timu1atinn  nf  the  motor  w»ne 
nf  the  cPTcbrnl  cotXcx  (Hn«).  On  the  other  hnmt,  the  tonus  of  the  sphtucten  iniiy 
Ih'  abolixbed  by  i*lninK  iw.vehic  exeitntinii  (involuiilury  itefecntinn),  and  by  stimu- 
lation of  the  nitilor  zone  of  the  cortex  with  the  nervl  errigentce  cut  (Frank)* 
Huchwart  and  Fruhlieh). 

Fmni  tlie  npinnl  c-onl  ihr  nervfs  to  Ihr  apKineterx  run  partly  in  the  hypo- 
gHstrie  nerves  and  partly  in  Ibt*  tiervi  errinenle*,  and  in  the  dog  the  former  are 
said  tu  be  inliibitor>',  the  latter  motor.  Bi.'riide?.  the  latter  mediate  contractions 
uf  tliu  rvctocuceynenlis  ami  nf  the  other  Itoifiituilina]  muKcIcs  nf  the  rectum. 

The  ionu»  of  th^  anal  sffiinrlirit  is  nni  nbliterHted  even  by  detttrtictinn  nf 
the  iipinal  cord  (Gi>lt7.  and  Ewald),  a  iact  e3(i>li<-iible  in  part  at  Icaat  by  ibc  pres- 
ence nf  n  et-tiler  f<ir  tbi-  njihincter  nervea  in  the  inferior  meaenteric  ganglion 
tFrankl-Ilochwnrl  and  Friihlich). 


Dffratlifin  U  mediated  by  n  reflex  proct^ftrt  not  yvt  thoroughly  investigated 
whieh  i.'s  induct-d  from  the  rctrluiti.  and  which  i»  nHHlilii-d  by  influence*  of 
will  upon  the  nniwles  concerned.  The  sphincters  relax  and  the  hardened 
tnasws  are  discharged  hy  eontraetion  of  the  rectal  musculature  with  the  assist- 
ance of  the  iilKlomiual  pro**Hre.  The  levator  ani  muscle  may  contribute  to 
(he  general  otTect.  By  it.-*  contraction  it  prewenls  a  [loinl  of  Im^rtion  for  tho 
longilurjiiml  musclm  of  the  rectum,  and  the  compression  of  the  rectum  pro- 
diKcd  bv  it,  cniucident  with  the  rflaxntion  of  the  sphincters  and  (he  power- 
ful efftvi  of  the  aMorriinal  pn'jjjfurc.  agists  in  discharging  the  contents 
(Hejile). 

Br  ahdominnl  prenxurt  we  mean  the  pressure  npon  the  ahdominn)  viscera 
produced  hv  simultaneous  eontrnelion  of  the  diaphnigm  and  of  the  abdominal 
muscles.  The  part  it  plays  in  defecation  depends  upon  the  connislencv  of  iho 
contcnti^  of  the  rectum.     If  thlm  is  soft,  defecation  can  take  phicc  without 
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any  assistance  from  the  abdominal  presfon:  but  with  rerr  sc^d  eu'iMuCIlt^ 
the  power  of  the  intestinal  mascalatture  itsdf  b  not  fofficient  and  the  afadoBB- 
inal  piesfure  is  called  apon. 

BrraxscE&.—W.  Connttein,  "flier  fennentatiTe  FeitvpaltiiiiK"  in  I^ 
Ezge»rniMe  der  Pb7$ic4o^&  m.  1.  190L—D.  Gerhanlt.  "Cber  DannfinlniV 
in  Die  Ei^ebnijee  der  FVsiolc^ie;  m.  1.  19iH.— /.  P.  Pawlow.  'Die  Arbeit 
der  Vcrdaomqndrnseii.**  Wiesbeden.  1$9& — C.  Oppenkeimrr,  "  Die  Fenneate  and 
ihre  Wirknugen.''  2d  edition,  Leipnc,  1903. 


Bt  absorption  we  undcrntiinil  nil  those  proc&wps  by  which  the-  digested 
fuodsdifls  are  taken  up  from  thi'  cavity  »f  (he  alimentary  canal  into  i1*  inacou* 
membranf^  and  are  forwarded  thence  to  the  jjeneral  circulating  fluids. 


g  1.    ABSORPTION  IH  GENERAL 

After  DiitrfK'het  Eiad  di!-eiivcTtil  iht-  iwitKitic  |>t)i>nr>iii<'na.  it  wan  Ihfinjjl 
that  abM>rplinti  in  tho  inie>{tiiii>  i-nuld  Ik-  i-afiily  i-\[diiiiicd  liv  nsniositi.  Di;^- 
tioa  wa*  for  the  purpope  of  ebangiug  the  ftKHlsluffB  euutained  in  the  food 
inin  eflsily  dilTtitiihle  snhstanees,  if  they  were  not  already  diffusible.  Hence 
aUorption  tuok  {dtiee  an-imling  to  the  VelL-knowii  physicochemical  lawti  of 
oimioaiii. 

More  searching  investigation,  however,  of  matters  an  tliey  are,  havn  made 
hb  acquainted  with  facts  which  prcchide  t;o  simple  a  pnicnss,  and  have  led 
Uft  for  thi?  prcsiMil  to  the  view  thai  the  actu'Uif  of  thf  living  murom  m'-mUranr 
plays  an  e.«sential  part  in  aliHorption.  It  u  perfectly  evident  thai  pun-ly 
phy»icochc'rnicnl  prrKX'MOJ*.  like  fillrntion.  ostniosis,  imbibition,  etc.,  are  in- 
TolTed,  and  this  requires  no  further  argument. 

Among  the  more  importfltit  ohiervation*  for  the  theoretical  explanation  of 
abHorption,  thnate  upfiii  the  bvhatior  nf  w^ak  salt  Bolutiotu  and  of  blood  Rorum 
should  be  mentioned  tir^t  (Voit.  Ileidenhaiii  and  others).  If  normal  or  «liRhtty 
diluted  blood  serum  be  placed  iu  an  iiiti>»iiual  loup  of  a  dug.  nutwitluttuudiiig 
that  ibn  Ronditiona  of  the  experiment  exclude  the  ooi'Ipcralion  of  osmotie  pns- 
sure,  water  and  saltft  arc  abM>rbMl  in  Almost  the  ^»m.e  |in)|>>irtioii  as  that  in  which 
Wxfry  exihl  in  thi^  Monini  intriHluced,  ulK-rcB:^  llie  orifiiiiit'  sidistaiK-ps  lake  part  in 
abourptioii  in  fur  Icm  jiroportion.  If  a  soliitinn  of  comiauii  »ult  whui>e  <wmotic 
tcnaion  if)  hifcltcr  Ihan  thai  of  ibo  blotnl  be  inlrodnoetl,  aocordinc  to  the  Inn-s  of 
Minoeis  no  water  tdioulil  bo  abwirbed ;  but  it  i*  absorbed.  And,  vict  versa,  common 
lalt  is  ab»orlM>d  from  a  aotution  in  which  the  oamotie  lennton  i»  lesa  than  that 
of  the  blood.  The  abHorplion  of  wntep  from  a  weak  dextrose  solution  is  not 
chanKi-d,  if  the  rMuicCia  pn^wure  of  the  blooti  Ik*  rai-*etl  hy  intrarenoun  injection 
of  eommmi  salt  (ItcJd).  From  eqnimolceulur  and  llierefore  iiwMmotic  sulutionn 
of  tliffcreni  kindtt  of  suitar  which  are  tiicreoisomerie.  the  quantities  of  sugar 
ahsorhrd  in  unit  tiinc  are  not  npial  O^'hnunn  and  Xegano). 

More"vcr  it  has  been  mhown  thtit  the  nrnwrnciit  of  anlt  in  the  normal  intiM* 
tine  take«  place  in  tlio  dirpction  from  lumi>n  to  tinsucM.  much  more  e4»»ily  than 
in  the  oppmite  direction  (O.  Cohnlfcini) ;  that  an  inleatine  cut  out  of  an  animal 
in  full  d^wtioiu  if  hnthcd  both  within  and  without  with  a  salt  wlutton  of  the 
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snmf  Kln-tit^h,  trnn»<ii()rtH  fluid  only  fntm  tlir  tniicniis  mcmhranc  nutward  nnd 
not  in  the  reverse  direction  (Rcid);  that  if  tlu-  cells  of  the  intcfttina)  cpilliHiaoi 
be  ittjurod  f unci ionally.  but  not.  so  far  aa  cbh  Ik-  st-t-n,  nnatomieally  b.v  jioiiwin- 
inif  with  tuodiuta  tluurido,  Hbwirptiun  is  u<.-tuull,v  ttlttrrvd  8o  that  osmauis  nuw 
brintis  about  only  au  exportation  of  fluid  from  the  intestine. 

Finally,  attention  should  bo  called  to  the  (Uscoreriea  mentioned  at  page  34 
witli  n-fiHTxl  to  the  |iemi(?ability  of  animal  cells  for  different  suhstMncwt,  Aceord- 
iiiR  to  thuse  results,  the  entronce  of  a  substance  into  a  cell  would  depend  upon 
itH  Holuhility  itL  the  lipoid  limiting  lu,ver  of  ibe  tvtt.  curhub>'drutv«  nut  beiuft 
soluble  therein.  To  «umn>unl  the  diffieulty  which  carbohydroteB  preiwnt,  Hoeber 
supponcR  that  the  absorption  of  the»c  and  other  compounds  whieh  do  not  pcnc* 
trale  >>iirh  «  ineinlinme  iK-rurs  only  between  the  ccILh.  Romelhinfr  of  the  kind 
mipht  be  true  of  HubMances  which  are  taken  up  in  vvrj  ttraall  quantities;  but 
curbobydratc))  are  ubMirbeU  by  the  inuco.>ia  ^o  abundantly  that  this  explanation 
appears  to  lia%'e  little  probability  in  it»  favoi. 

The  puurr  vf  absorption  ie  very  Jilferenl  in  different  divisions  of  the 
alinieutary  conal.  In  the  stomach  pure  water  is  not  absorbed  at  all.  .Sujjar 
or  jieptorif  or  salts  (if  cr>nc«iitntleil )  art*  iibf^orbed  from  their  waler  -■*oIulion8 
in  the  stoinaeh  the  more  i>lenlilull_v,  liie  sir*iiiirer  is  the  .sotutioii.  The  water 
]*  ah.s<)i'lKil  al.-so  under  Ihew  eiriuitiwliini'eji,  mnl.  us  it  wviiis,  jnosi  aelivtrly 
from  i^uluUoin;  of  peptone.  Abiior])tioii  of  vvuler  from  peptone  solutions  in- 
creases with  the  enncentralion.  while  from  solutions  of  sugar  it  decrc-ases 
with  the  enneentration  (v.  Mering). 

In  the  upp^T  pari  of  lhr<  small  intestine  (jejunum),  migar  and  fat  arc 
ahsnrhed  ninro  rapidly  thiui  in  tin?  lower  part  (ileum).  On  the  otlier  hand 
the  water  of  -lugar  solutions  is  said  to  l»e  taken  up  bv  the  inueous  membrane 
more  .slowly  in  the  jejunum  than  in  the  ileum  (Kohmaim  and  Negano). 

Corn's  pond  iufily,  under  a  pruaaurc  of  10  cnL  uf  water  for  1  cm.  uf  laiiilb. 
about  O.T  I'.c.  of  a  fiix-pcr-eent  salt  Holution  wa^  uljHorlxil  in  one  Imur  by  the 
upper  part  of  the  small  intestine  of  the  dog.  and  1,3  c.e.  by  the  lower  part,  while 
in  the  large  intestine  under  tbc  same  circumstances  the  amount  was  2.1  cc. 

The  large  intestine  appears  therefore  to  be  e«pccially  well  adapted  for  the 
absorption  uf  tvater.  Organic  foodslulTs  also  in  eusily  iihsnrlinhle  form  ure 
taken  up  from  the  large  intestine,  as  has  been  shown  by  experiments  with 
nutrient  enemas,  in  which  ii  (*i]pply  of  as  much  as  1,200  Cal,  per  day  has 
been  maintained.  It  is  to  bo  observed,  though,  that  the  ileocsoal  valve  ie  not 
an  ahtioluio  barrier  to  the  passage  of  the  content.'*  back  into  the  small  intej*tino, 
and  that  a  pari  of  the  nourishnienl  might  be  ah-sorhed  (here  inftteart  of  in 
the  large  intei^tine.  According  to  observations  on  men  and  dogs  with  fi.-^tulfp 
into  the  large  intestine,  carbohydrates  are  ahsor))ed  there  be-ft  of  all  the  fond- 
Bluff*;  fats  and  pmteids  only  Jo  a  slight  extent.  The  salt  content  of  the 
enemii  al.'io  appears  to  have  a  certain  importance  in  promoting  absorption. 

All  kinds  of  lortiHy  .ifimulatint/  ittib.tinnrf'i  (e.g.,  spice:*)  exert  ft  remark- 
oble  influence  on  the  ahsorjuion  in  Ihe  tiLomiveh  and  intestine.  In  the  former 
alcohol  is  absorbed  oven  to  tlie  last  trace  in  two  hours,  and  besides,  it  acetd- 
erafeH  the  absorption  of  other  substances.  Common  salt,  oil  of  mustard,  pep- 
permint, pepper,  etc.,  have  the  same  effect.     The  condimsntt  therefore  not 
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only  favor  the  secretion  of  the  digestko  fluid,*,  they  further  the  abaorption 
of  the  digested  foodstuffs.  Whether  this  action  is  due  to  a  Btimulating  inlln- 
ence  of  ihuse  siilistnnces  on  the  ahsnrbinn  elements  of  the  mueoiis  memhraue, 
or  to  va«o(!ilatjniun  eauwil  hy  them,  rniiHi  fnr  the  (ircsont  Im?  regarded  as 
undLfidet).  ulthou^di  in  the  opininn  of  the  author  llic  former  supposition  is 
the  more  jirobable. 

Comparison  of  absorption  in  the  stomneh  with  that  in  tlie  intestine  brings 
to  hjrht  this  faet.  which  is  important  for  our  umlerstamiin):  of  the  cn*lrit' 
fimctionn:  thnt  the  sfomnrh  tofrrates  much  more  highly  concentrated  solutions 
of  llie  fo4Hlhilii1T^  limn  d<)es  the  inlesline.  The  stomach  acts  as  a  rrgerroir 
for  the  in^'este*]  food,  in  order  that  the  (fruelly  contents,  properly  diluted, 
may  Iw  dlselmrjred  into  the  intestine  gradually.  But  llio  latter  plays  the 
chief  port  in  absorptioo. 

In  ihi.i  n'onection  we  may  menlion  nlsu  the  experimeniH  of  Otmia  In  which 
the  ub^ori'tioii  i>f  proteiil  was  iuvcfti^utitl  iifTur  mi*ut  fi-i?diiifc,  ocil'l-  wb«>u  iIk 
mral  waa  fn]  by  the  mnuth.  nnd  nnotber  time  whrti  it  war  hroiighl  directly  into 
ihe  dufidenuni  through  a  stomach  tiMula,  The  nitrofcen  output  in  ihL-  urine  was 
takon  as  an  expression  »»f  the  iitMor^iliou.  It  wa»  »hown  thai  after  diivct  iulro- 
dueti'iu  of  m«tt  iiity  thw  duoih-iiuui  tht-  X-yulput  rose  much  mun-  nipidl.T  and 
exhibited  Brenier  variations  ilian  wh^-u  the  meat  had  first  to  undergo  diRcslioo 
iti  the  sinmach.  The  absorjiiion  of  )in>tcid  ilu-refnre  lakes  place  iiiuc-h  more 
rapidly  when  it  ia  placed  dirpctly  in  the  imf-stinc.  than  when  it  muf^t  pasH  ihrnuph 
the  ittomacb.  We  have  then  tn  ndil  lo  %vbaT  we  hnve  already  learned  about  the 
importance  of  the  stomach,  that  in  virtue  of  its  funelion  as  »  «ton.house.  the 
absonitiun  nf  iiifreeted  prutvid  i»  distributed  more  uulformb'  than  it  would  be 
olberwiae. 

g  2.    ABSORPTION   OF  CARBOHYDRATES 

We  hare  no  exact  informniinn  as  to  how  the  carbohydrates  are  removed 
from  tlte  mlc-*tiiiHl  cavity  (tf.  paj.i*  'M^i). 

Tliat  ihey  are  earrieiJ  off  chiefly  by  the  blood  veswU.  and  not  by  the 
lymphatics,  ap|)ears  lo  1h>  xhown  by  a  numltcr  of  observations.  For  ciample, 
after  a  meal  rich  in  carbohydrates,  the  amount  uf  sugar  in  the  chyle  ia  no 
greater  than  after  one  poor  in  earboliydrates*.  while  the  portal  idood  shows  a 
C'Ml»ideral)le  increase  in  the  former  ease.  On  Ihe  baj*is  of  these  results  and  of 
the  location  of  the  blood  vetwls  in  the  villi,  Heidenliain  has  made  Ihe  g«>neral 
atatcmcnt  that  ail  substances  soluble  in  water  pass  for  the  most  part  into  iha 
roots  of  the  jKirtfll  vein.  Only  when  the  quantity  of  fluid  is  very  ([Teat  do« 
any  sugar  enter  the  larlealw. 

This  eonclufiou  is  confirmed  in  its  entirety  by  observations  on  a  young 
girl  who  had  a  fisttila  in  the  reeeptaeidum  ohyli.  from  which  all  the  chyle 
flowed  out  of  the  body.  In  this  piitieni  it  was  found  that  not  more  than 
five-t»?ntli!'  |>er  cent  of  the  absorlK-d  sugur  was  taken  uji  by  the  lymphatics 
(I.  Munk  aud  Ko^enstein). 
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I  3.    ABSORPnOH  OF  FAT 

Brv-su-«  of  ihe  ease  wiih  which  fs:  can  he  dennMi=n»trf  tr  miciD-dieiiiica] 
r?ac:»a<.  much  a::ezi:ion  ba?  ii^va  siv^^  so  ;-*  a"worpt;->L 

1:  ha*  alwa-lT  t*tn  ^yit'^i  i  paje  i>.- 1  :h*:  fa:  i;  pr^'-^KT  dm  absoibed 
as  i3  emaljion.  bni  in  the  forsi  of  a  solmi-jn  of  fairr  »cid«  effected  by  ihe 
bile  acidf .  or  in  The  form  ^f  wap^. 

Siace  ibe  ch_v>,  e^ea  af:er  feeing  *::h  free  fanr  ac:d>.  contains  neotisl 
fa:  *!Tn*Ti?:  altoecther.  and  free  f4t:7  aci^i?  -miIt  in  uriich  ^^*'>r  amount,  and 
af:er  f-e^^n^  eUiTlesieri  of  :be  hiich'^r  fiirr  ac:d=  contain;  ocIt  triglTcerides 
ac-i  Ec?:  a  rrac*'  •>:  the  esters  fed  ■  Fnnk  i.  we  EaT  d^em  ::  i'llly  established 
ihi;  :be  freie  fat:T  »c:d;  ah^-^rbei  fpjci  use  icteFtiiial  canil  are  rfnlkffizfd 
a-^zin  io  Kfuzra^  ;ju  in  the  iniestinai  valL    Tbi~  is  ecnfjiDed  'or  tfae  oiisert*- 


i.  ::>. — 'i.».i.uwT^  Races  ia  ^be  »i«rrpc:>:c  ci  rs*  ■.=  -be  f^tbviial  «ij  :i  '.z>:  frx's  mifffiiif. 

--■  -Ti  z-T-riZr  -sith  i  n::ir->.     :  -'.i;.-  m:  ^"■.-:f7:z  ::-r-;:7-il  lit  i;  f->rm^. 

T_-   >ii-'>-.-'.-.  liiT  :r-T  1  --r;::;r.     :   I'l:-;  :"t-  !:  tr-r  .--T-'.^ii  c-srizy.  is 

■r-iii-,;.'  -iTT.T*;   yi:  :t  ;::-:  ;T..-.ir  ■t.'iu:-;":?     :'  zr.-:  ~-i:'-^ — ■.■>w:Kj  bv  the 


it  -.i-r  L=--es:.zLj_  ■fp:t-';.:-~  ::  :.".-;  tr-c  :~   :-~-:7vr:  >;d.rrs  ■:'  :'i:  aCKorpti<^n 

'•7  'T:-i:-r*i  \—  -'^.:  i:'-i  rrvTiiri:  "~r,  i_.  :7-ir>".v '"'  i>  ^rr^c  frTME  ^niall 
i-rti.k-  .rn-  y  z-<  ::■  '.ir-r^.  lik  :j.:  Ir  ::-:^  F:^.  ::-_  A  f  C*.  In  the 
Mi^~i-'.i  "-"--f  *'it  1  :*;r'a'~  -.i"  '"  ~*j.jr--^  '.  i  s'tt*:" -r.  I  »<  -■■:  j^ter  in  the 
f  T-i  :"  '  iriTr-*:  jr-ir-.-r-;.  :::  :  --,'..  ?.;.:  ; -: -es  -v'-  i  :'.r^r  center. 
Tze^  ■— ---^  --.rvir^  :z  -  :■?  ir  :  '_-•--  -  ■  -  r.  :"  -  ::— >_-rr  i^rcrse  of 
rrt:  - — ; ;-"  ".:-^  ^t^  ■  •-■   -  — ^   -~-.:       -•.•"*    :   ---■   ii:    ■•  ^t^  tiken  cp  a* 


1     ■ 
fit 


A-.    -    -  '.iTT-we-i  taat  it 


i?  r:»7^  ".  ~-  --f    ->:;-;  'z.-i  '.dr^z  .Z".zij.    :  'z-^  "...\:j    ",■--  lz  "-e  T«;r:oeilai*r.  duid- 
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filled  «pace«   incomplelely   sepanile*!   from  one  niiother  by  the  connp<rttve-liiwi»e 
trabpculw  of  th«  slruma. 

It  had  Ior»  been  known  that  fot.  for  the  most  part,  pwwM  into  the  lactcals 
and  is  coiiveyud  Ihence  lo  Iho  thoranic  (iurt.  Ret'cnt  experiments  have  shown, 
however,  Ihat  no  small  part  of  it  passes  also  into  the  blood  vessel-i  of  Ihe 
intestine.  In  thft  ra.se  of  the  nbovo-montionod  pnti^nt  with  a  fistula  in  the 
reeeptaculum  ehvli.  only  alM)ul.  nixiy  per  cent  nI  the  alinporlH-d  fat,  ami  still 
le«9  when  freo  faltv  acids  were  fed,  was  found  in  tlie  ehyle.  Some  forty 
per  cent,  therefore,  had  taken  the  pathway  through  the  portal  rein. 

Boaitlcs  tho  fatty  substanoeii  absorbed  from  the  ftuM).  «ilbor  fats  paan  into  tha 
cIij'U',  wKicb  \in\L-  tbi'ir  origin  in  tho  it1t4^MtilM•  mul  it»  lliiid".  In  lbi«  way,  po»- 
Bibly.  we  may  explain  the  ftit-t  that  after  fet-dinp  n  fiU  of  hifih  mellitiK  point 
the  mixture  of  fai  in  tin?  cliylc  tiielia  ui  the  ititipfratun-  of  (ho  body — i.e..  Ihnt 
in  the  transition  from  inletitine  to  ebyle  a  luwcrtug  nf  the  melting  [Miint  baa 
taki-n  place. 

Wben  !U)aps  are  injeotml  directly  into  the  blood,  they  produce  s>Tnptnms  of 
wt'akenvd  hi'art  autivity.  Ihe  rii»pirator>'  excbnnui-  of  ftiiHes  dtvliiit-i*.  tlic  coitKtda- 
bility  of  the  blo^td  is  ab»lie<lipd.  and.  with  u  dow  of  only  0,1  p.  I'lfir  in-iil  (kt 
kiloerum  of  l)(»il,v  wi>i;;ht,  rnbbittt  arc  killeil  {1.  Munkt.  The  cnii^c  of  thew  jihe- 
noniena,  niynnlin^  lo  Fri'rdlfliiihT,  lit-s  in  the  faet  that  the  caleiuiil  of  the  hloud 
is  precipitated  by  the  fatty  acida. 
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§4.    ABSORPTIOTf   OF   PROTEID 

If  the  digestive  enzymes  continne  In  net  lonp  enmiph.  the  proteids  are 
finally  decomposed  into  simple  cryntalliMble  end  product*.  To  what  extent 
this  cloavaj^e  takoi*  pim-e  in  normal  ili>ii'stion,  i.e..  whether  the  proteid  «uh- 
fitaiiees  are  taken  up  chiefly  a^  albunio»ieii  or  as  erystidline  end  [inMlueti',  wo 
cannot  piay  delinitely  at  prwent.  It  ii*  poi^-ible.  a*i  twinie  authoru  atwiime.  mainly 
on  the  ground  of  the  action  of  errptnn,  that  the  cleava^a'  of  proteid.  eillier  in 
the  intestine  or  in  the  mucoiiit  membrane,  extendi  all  the  way  to  the  (inal  end 
products ;  but  il  i«  conceivable  also  that  the  albnnio-<»s.  as  soon  as  they  are 
formed,  are  taken  up  from  the  intcstiuol  cavity,  aud  are  not  further  decom- 
posed in  the  mucous  membrane. 

The  experiments  of  Voit  and  Uniier  have  shown  that  even  native  protcids  in 
aolittion  can  lie  Bbi«urb<.'d  fn<tii  the  iiitc^tint.-  wiihuul  previous  difivi^tion.    \»  much 
as  fifty-eifrht  per  cent  of  egK  nlhumin  pW-ed  in  a  loop,  ittolated  from  the  rest  u£] 
tbe  intestine,  disappeared  within  five  and  one-half  hours:  twenty-eifibt  percent 
of  bloMxl   wrimi   in    the  cdupm'  of  one  hitlir;    etr.      Thia  bowoTer   itmaliluiea 
proof  that  the  linst  products  would  be  abwirbcd  in  tbe  course  of  normal  diKeHtion. 

If  blond  he  pass*"*!  tKmiijrh  tlie  vesscU  of  a  surviving  intestine,  in  whiwe 
cavity  a  [leptone  tiolulion  i»  coniuiued.  the  peptone  ib  absorbed  but  none  of  it 
can  be  demonstrated  in  the  hloo<1.  From  this,  and  from  the  fact  that  after 
A  meal  rich  in  pmteid.  the  blood  of  the  portal  vein  contained  no  more  albu- 
moee  than  the  blood  of  the  carotid,  it  was  concluded  that  tbe  ah^rbed  prixJucta 
of  proteid  digistion  were  rlmnpcd  in  the  mucosa  to  protcida  of  the  name  kind 
18  those  occurring  in  the  blood. 
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But  tbe^  experiments  are  uut  conclusive.  Jf  pepLones  arc  not  to  be  found 
under  the  oircurnstances  named,  it  might  be  due  to  further  dc-coinpositior, 
and  the  iJispnvcrv  of  rrcpf^in  makes  such  a  view  jiot  inifirnljaMo.  Tlin  rapid 
rJBe  of  tlm  .N'-uuljiul  in  the  urine  after  feeding  prolcid  ^liows  tliat  it  iu  de- 
etmyed  very  soon  after  abworptifia.  It  would  be  a  waste  of  energy  if  the  Iwdy 
wen.^  to  eonstrucl  native  protoids  onL  of  alljumosoa  and  peptones,  only  to 
destroy  them  immediately.  The  difficulty  of  obtaining  a  storage  of  proteid 
in  the  adult  body  also  con  be  easily  harmonized  with  its  ultimate  clearoge 
in  digetitioQ. 

Direct  obwrvntions  thus  far  at  hand  are  not  by  any  means  sufficient  to 

establish  a  definite  view  of  the  mattpt.    On  the  one  hand.  Cohnhoim  ha»  found 

that  one-third  of  a  t-nt's  inleaTine  miniviii^f  was  nlilo  to  spJit  0X>  g.  of  jicptone 

into  ltd  end  producU  in  two  houra;  on  (he  other  hand,  Glm-^siter  tinds  thiit  nlbu- 

moscs  are  changed  by  the  surviviiiR  mucous  membrane  into  coaguluble  com- 

ponndti;  whpri'as  lirndL-n  and  Krmup  rtunih  Uil-  cociclui^um  that  in  the  eurviviuK 

Intestine   r&kon  while  absorption  of  pnjlpid  wns  gnlng  on,  there  is  neither  a 

f Teconfit ruf  t ion  of  cnaRulobh'  proteid  out  of  albumoses  and  peptones,  nor  a  cleav- 

hltge  of  tliL'in  into  final  products.     They  aa  well  as  Lnngstein  atate  that  from  all 

.Bppearnncct)  atbumosee  U'L-vur  plctilifully  in  thv  bluod. 

So  far  as  the  question  can  be  jnd^  nt  prenent,  we  might  say  that  a  part 
of  the  jiroteid  eaten  i>f  abrHjrbed  irn  end  jiroduds  of  digeMum,  otiother  part  a6 
alljumoses  and  peptones.  How  and  where  the  tatter  are  transformed  into 
native  protcids,  and  wlietlier  a  synthesis  of  proteid  from  the  end  product* 
can  take  place  under  any  circunij'lances,  cannot  yet  he  decided. 

Our  knowledge  is  still  unsatisfaclory  also  with  rejfjird  to  the  fM-ranner  of 
the  absorption  of  proteidt;.  Hofmcister  has  i^uppostid  that  the  leucoeytea  of 
the  mucou»  membrane  are  ei^pecialty  active  in  thiK,  and  the  following  faotd 
among  others  appear  to  favor  such  an  hypolhe.>;is.  After  meat  feeding  tha 
lyinph  syntem  in  tlie  wnall  intetiiini-  of  rat«  exhibits  a  hirjier  number  of  ecllu* 
lar  elements  than  after  feeding  lard  or  starch,  but  with  the  latter,  more  than 
in  fasting  (Ashcr).  An  hour  after  a  meal  rich  in  pmteid.  the  [uimbtir  of 
leucocytes  in  the  portal  blood  of  the  dog  is  considerably  increased,  and  reaches 
a  maximum  prolmbjy  during  the  ihinl  hour  of  digestion.  This  increase  doe* 
not  oeeur  if  the  animal  ns-eives  wnter,  meat  extract,  wilt,  starch  or  fat.  but 
no  pmteid.  In  proteid  abi^orptiou,  finally,  the  number  of  leuccu'vtes  in  the 
venous  hlnod  of  the  inte--*tine  is  greater  than  in  the  arterial  blood   (Pohl). 

Some  have  sought  to  demonstrate  an  inerea.se  in  the  number  of  UnK-ocyles 
in  the  skin  capillaricM  vt  man  afier  a  meal  rich  In  proteids;  but  this  digtraliva 
Uucoryiosis  is  often  wanting  and  '\%  entirely  denied  hy  luime  authors.  Th« 
possibility  remains,  however,  that  the  Icuenteytes  may  take  part  in  the  aI)6orp- 
tion  of  proleids  ;  for  it  is  easily  conceivable  that  the  transportation  of  proteids 
from  the  intestine  might  be  as.'^i.'^tcd  by  them,  without  their  entering  the 
general  circulation  in  larger  numbers. 

The  pathway  which  the  proteids  take  in  leaving  the  intestine  is  almMt 
^exclusively  that  of  the  portal  vcivcls.  In  the  fistulous  patient  al)Ovc-ni  en  Honed 
(page  303)  it  was  imjioseibic  after  a  meal  rich  in  proteid  to  demonstrate  any 
increase  in  the  percentage  of  proteid  in  the  chyle. 


i 

4 


4 

4 

4 


ABSORPTION  OF  MINERAL  Sl.BSTAXCES 


307 


§  5.    ABSORPTION   OF   MINERAL   SUBSTANCES 

Since  tho  easily  diffusiW*:  s&Iia,  like  stMlium  chloridL-.  arc  absorbed  Iiy  rirtne 
of  tliv  fii'tivity  nf  llie  f |iicbi*li»l  tflU  this  muatt  llie  luurt*  be  tnu^  of  tlio  he'aTy 
saltH  wliii-l)  (lilTu'3'i>  •slowly. 

Willi  rcgiirrl  tn  llu-  bclitiviiir  oi  different  snli.^.  Hueb^r  bus  shuwii  ibiil  poIu- 
tioii<)  n{  liirfcrfni  «nlts  isoinnifr  wifb  oni'  anolhcr  jin*  nltm'rbe*!  iit  diffcrutit  rntes. 
8inep  ill  lbi'*e  «'3t|K'niTii.'nt»  tuitutiini''  i-ii  dihilc  (but  tin'  «itrs  wpii?  rlmi»sl  wlnilly 
di«socinl«tl  were  ii-j^hJ.  ihfir  rliffereiit  beliH^ior  iw  tn  bu  ant-nbi-il  to  tlii'  |)[Y>|«Ttiffl 
of  tiidiviiiuol  iuiit-.  Of  tbf  catious  K,  Na  niid  Li  are  absorbed  with  n|ipr<>xi* 
matcly  the  siinn'  nLpidity.  XII,  and  urea  uiorf  rapidly,  t'u  iwnv  slowly  and  Me 
Biowest  of  all.  Of  ihe  nniniie)  CI  iii  nbc^orbetl  tnnHi  rapidly,  tbuti  fulluw-  in  urder 
Br,  I,  XO,  and  SO..    Now  we  know  that  the  rate  of  diffusion  of  a  salt  iu  uu; 
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Fta.  110. — niinclrniini  >':  -  I  0.  nrt«r  HochhaiLniiniK^iin^ki*.  Thr  M^tUm  hiwbM'n  (ivkImI 
witli  Hininiiiiiiiiii  >iil|iliiili--  rill'  liliii'k  )triuiiil<-a  niin-anii  itlwirbi.il  intii.  Tlir  nniriiid  had 
CAten  rlieuic  iinf)n.-|!:niilMl  Willi  '  cnmifiTnii  '*  fonldiiLinit  llirw  pi^r  f^rnt  Yr.  (('»mifriTiii  in  m 
ft^rivatlv*  of  cnriuc  Acid  obiaineil  fruni  ni««t  evtraci,  «iiil  cunlainn  butli  |>1>uB|>lHjrto  Mciil  kdiI 
iron.) 


given  solution  d<'i>cnds.  first  upon  the  dcgroe  of  di«4ociatioD  of  ita  moleoiilM,  and 
»ef<>udly  ii]i<in  (be  velocity  nf  inigratiou  of  tW  iimjt.  Thii>  law  ap|die>)  «Iiki  id 
absorption:  for  iIk'  ratov  of  abMorptioti  of  «altM  an  proportional  to  tbeir  raits 
of  dilTiuion.  IlowL'ver.  [lumllcli^m  bclw-fen  diffu^i^ion  and  uhwirption  is  Hiihjrct 
to  Mime  limitation!;,  which  make  ntlirr  auxiliary'  hypoihespH  neceasary  and  ibuw 
om~e  inort-  thni  the  pby^ieal  fnotor»  are  nut  sufiioi<-nt  1o  explain  the  behavior  of 
Ibt^  *tiU*  in  titf  iiiIeHtiiie. 

In  Mrtler  to  folk>w  the  ab»ori»lion  of  water  and  of  itubntanoos  soluble  in 
water  more  cloeely,  a  solution  of  methylene  blue  has  been  introduced  into  an 
inleritinnl  loop  nnd  the  mnmnf;  membrnnr  studied  mionuuMpirally.  The  pitnnmt 
was  found  partly  in  the  epithelial  eelU  and  partly  between  them,  whieh  tueana 
that  absorption  takes  plaee  bere  Ixitli  l)elween  the  celN  nnd  tbnniKh  them 
(Ilcideubaiu). 

The  soluble  »lts,  like  the  earbobydratcH,  are  earrie<l  away  from  the  interline 
by  the  portal  VMsols;  only  in  ca«e  the  quantity  of  absorbed  fluid  is  ^rent  d»tea 
a  part  of  it  pasw  out  by  way  of  the  lymph  ves*«>U. 

The  abtorptMon   of  iron  deserrett  st>eeial   consideration.     After  it  had  been 
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observed  that  very  good  results  are  obtained  in  the  treatment  of  chloroeis  by 
adminiBtration  of  different  preparations  of  inorganic  iron,  and  observers  were 
pretty  well  convinced  that  these  preparations  were  actually  absorbed  in  the  intes- 
tine, Bunge  set  up  the  doctrine  that  all  the  iron  which  is  added  to  the  blood 
and  is  the  source  of  the  iron  contained  in  the  hsemoglobin,  arises  exclusively 
from  complicated  proteidlike  compounds,  the  hcematogens,  which  are  formed  in 
the  life  processes  of  plants.  Such  compounds,  resembling  uucleo-albumins,  occur 
also  in  egg  yolk,  etc.  That  iron  preparations  are  certainly  of  great  use  in 
chlorosis,  Bunge  would  not  deny,  but  he  explained  the  facts  on  the  hypothesis 
that  inorganic  iron  compounds  in  some  way  protect  the  organic  compounds  from 
decomposition  in  the  intestine,  and  thus  prevent  the  iron  in  them  from  being 
split  off.  Other  authors  have  advanced  other  hypotheses,  and  attempts  have  even 
been  made  to  explain  the  therapeutic  effects  of  iron  as  the  result  of  hypnotic 
suggestion. 

However,  it  appears  with  greater  definiteness  from  recent  researches  that 
the  so-called  inorganic  iron  compounds  are  absorbed  in  the  intestine  (Kunkel, 
MacCallum,  Hall,  Hochhaus,  and  Quincke  et  al.).  A  research  carried  out  a 
short  time  ago  by  Abderhalden  in  Bunge's  own  laboratory  shows  the  same  thing, 
namely,  that  iron  furnished  in  inorganic  compounds,  in  hsemoglobin  and  hsematin 
is  absorbed  even  in  small  doses,  and  without  destroying  the  complicated  iron 
compounds.  The  absorption  takes  place  through  the  activity  of  the  epithelial 
cells  (cf.  Fig.  119).  These  cells  then  deliver  the  absorbed  iron  either  to  the 
leucocytes  or  directly  to  the  blood  stream. 

Some  of  the  absorbed  iron  passes  into  the  thoracic  duct  (Gaule).  According 
to  MacCallum  and  Hall,  if  the  amount  of  iron  given  be  small,  it  is  absorbed 
only  in  the  uppermost  part  of  the  duodenum;  with  larger  doses  its  absorption 
appears  to  take  place  in  the  lower  parts  of  the  small  intestine,  especially  in 
Peyer's  patches,  and,  according  to  Tartakowsky,  almost  throughout  the  entire 
extent  of  the  gastrointestinal  tract. 

We  have  the  following  data  with  regard  to  the  further  fate  of  iron  in  the 
body.  The  iron  contained  in  the  body  can  be  split  off  in  part  from  its  com- 
pounds by  certain  micro-chemical  reactions  (treatment  with  ammonium  sulphide 
and  ammonia,  or  with  potassium  ferrocyanide  and  hydrochloric  acid) ;  another 
part  remains,  however,  in  very  stable  compounds  (e.g.,  hiemoglobin)  in  which 
it  con  be  demonstrated  only  by  their  decomposition.  The  iron  contained  in 
these  compounds  represents  the  real  iron  stock  of  the  body,  other  iron  being  in 
a  state  of  transition  and  belonging  either  to  the  intake  or  the  output  of  the 
body  (Hall), 

A  part  of  the  absorbed  iron  is  used  to  renew  or  increase  the  supply  of  iron 
in  the  stable  compounds,  which  may  have  been  attacked  in  metabolism  (heemo- 
globin),  a  part  is  stored  in  the  spleen,  the  liver  and  the  bone  marrow.  In  the 
spleen  iron  occurs  as  an  inclosure  within  the  pulp  cells  (Hall).  According  to 
Nesse,  the  iron  compounds  of  the  spleen  represent  products  which  have  arisen 
by  transformation  of  red  blood  corpuscles.  The  iron -containing  substances  of  the 
liver  are  either  nucleina  (hepatin,  Zoleski)  or  albuminates  (ferratin,  Schneide- 
berg),  or  saltlike  compounds  (Woltering). 

We  have  yet  much  to  learn  as  to  the  way  in  which  the  artificial  supply  of 
iron  affects  the  formation  of  hcemoglobin.  It  is  conceivable  that  the  iron 
is  itself  used  in  this  formation,  but  it  is  also  possible  that  the  iron  salts  circu- 
lating in  the  blood  stimulate  powerfully  the  blood-forming  cells  of  the  bone 
marrow. 

P'vt'ii  with  food  entirely  free  of  iron,  a  regular  eliminalion  of  this  rlrtnent 
from  the  body  goes  on,  cliietly  through  the  bile  and  through  the  raucous  mem- 
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brane  of  the  stomach,  csBCum,  colon  and  rectum — although  the  separate  portions 
of  the  intestine  appear  to  participate  to  a  different  degree  in  different  species. 
Elimination  into  the  intestine  appears  to  be  accomplished  by  emigration  of 
leucocytes  and  desquamation  of  epithelial  cells.  In  certain  animals  the  kidneys 
also  take  part  in  the  process  (Hall,  Hocbhaus  and  Quincke). 

It  is  asserted  by  RaudnitE  that  the  absorption  of  calcium  and  strontium  takes 
place  chiefly  in  the  duodenum. 


CHAPTER    IX 

BESPIBATION 

The  function  of  respiration  is  to  provide  for  an  exchange  of  gases  be- 
tween the  tissues  and  the  external  air.  The  blood  in  its  circulation  through 
the  lungs  takes  up  oxygen  from  the  alveolar  air  and  gives  off  to  it  gaseous 
products  of  decomposition,  especially  carbon  dioxide.  In  order  to  renew  the 
supply  of  oxygen  and  to  free  the  alveolar  air  of  decomposition  products,  a 
constant  ventilation  of  the  lungs  is  kept  up  by  the  respiratory  movements. 
We  have  therefore  to  study  first  the  movements  of  respiration  and  then  the 
exchange  of  gases  in  the  lungs. 


FIRST   SECTION 

MOVEMENTS  OF  RESPIRATION 

g  I.    ELASTICITY  OF  THE  LUWGS  AHD  IHTRATHORACIC 

PRESSURE 

The  lungs  are  inclosed  in  an  air-tight  cavity — i.  e.,  between  them  and  the 
thoracic  wall  or  the  other  organs  contained  in  the  thorax  there  is  no  air. 
Since  the  lungs  are  hollow  sacs  with  elastic  and  easily  distensible  walls,  it  is 
obvious  that  they  must  dilate  every  time  the  thorax  is  expanded  and  must 
become  smaller  every  time  it  is  contracted.  Since,  further,  the  lungs  are  in 
open  communication  with  the  external  air  by  the  respiratory  passages,  it 
follows  that  in  the  former  event  air  must  be  sucked  into  the  lungs,  and  in  the 
latter  it  must  be  driven  out.  The  former  phase  of  respiration  is  called 
inspiration,  the  latter  expiration. 

In  the  static  position  of  the  thorax,  the  entire  atmospheric  pressure  takes 
effect  through  the  air  passages  upon  the  inner  surface  of  the  alveoli.  Indi- 
rectly through  the  alveoli  the  air  pressure  acts  upon  the  inner  wall  of  the 
thorax  and  upon  the  organs — heart,  ccsophagus,  etc. — lying  between  it  and 
the  lungs.  Since  now  the  lungs  are  elastic,  a  part  of  the  air  pressure  is 
expended  in  unfolding  them,  and  the  pressure  taking  effect  upon  the  inner 
wall  of  the  tliorax  must  be  less  than  the  atmospheric  pressure,  by  just  so 
much  as  is  necessary  to  expand  the  hings.  The  intrallinracic  pressure  is 
therefore  nffjntivr.  Again,  the  more  the  thora,\  is  dilati.Hl.  the  greater  is  the 
amount  of  the  air  pros.'^ure  consumed  in  expanding  the  lungs,  consequently 
the  greater  this  negative  pressure  becomes. 
310 
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The  followiriB  mellirKls  have  been  used  for  dutcrmining  inlpathoracic  pres- 
BUPT.  A  nuitinratUT  may  lu*  rdiiiU'Cti'^l  Icrmimilly  with  the  Irarhra  of  n  cnr|nc» 
and  tlio  thorfloic  t'uviiy  nixncd  without  injuring  tli*'  Iuiik^.  Siiit-o  tbc  pretsure 
within  and  without  the  Iuhk^  is  thMfb.v  etjnalixt^l,  the  lunRH  cuiitract  in  virtue 
of  thoir  idB»tii*il.y,  ttic  forw  of  tin*  (.■imtruclioii  boinK  mfasuivd  by  Ihe  pressure 
which  tbi!  air  column  exerts  on  the  mercury  of  the  iiiunomcter.     This  is  fvi- 
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A  n 

Fto.  130. — A  atmplt*  PXptTimrnt  with  the  hitiKn  n1  a  nhhll  1q  ilhuirntc  the  nomuU  rxpannioa 
and  nibIln|Bw-  >if  thi'  Iimtpi  in  mi[Hin>f  In  viiriHitniin  nf  Ihi*  inlintlinnunr  [>r««iin>  Wliui  lltc 
nihlMT  iiii'tiihnuir  M-jirt^nriiliriK  tin-  iliuplirsiKrn  in  ilrftwn  iliiwrn  [J  I  a  nrgntivt  [>m«nirr  la 
priHltii'ni  iimi<li>  ilic  b«'ll  jur  niiil  llip  nir  i-nl^-ra  tlw  liii>|Co  Ihrnuxli  ihp  g,l»^»  lulx'  llnl  iiilu  tlie 
tmoltra-  Wticii  the  nii'inlintnr  in  rHrnncil  i,Ji)  U)i>  {iminkin.- innTilr  the  hrll  jar  >■■»>«■«  loa 
ntrgklive  nnd  iKc  lunitM  cnlUipw  lu  vinue  of  ibHr  own  cUuiliciiy,  TiirviMK  I'h^  »>r  uuU  Th* 
Hiwitir  rrmtl  nl  ihr  mrinhrBiii-,  which  Irndx  to  inrrt'iuir  llii-  jin-iwiun'  iii^iihr  tlir  jnr.  nmy  bv 
i«kvn  lu  rvprrwfil  lh«  eluiic  iwuil  u(  the  atxiuiiiiiial  waJl  (cf.  |i.  317).  A  nti'OMiirlrr  can 
br  fvniicrUx)  tliruu|tli  s  BM-uiiii  Lkprniiig  iti  tlir  rubtwr  ■toppi-f  MuJ  tlto  ftcliiui  vanalunu  u( 
intmtlkunwH;  prcMiuro  denonamtwl  at  Uw  muus  tirao. 


drnlly  etynal  to  the  pre«8uro  which  wan  previously  nttwsary  t«i  expand  the  lungs 
to  Iboir  orif^iiial  volume.  If  IW  thorax  were  ililatetl  mow  or  loss  bt-forc  lieing 
opened,  the  value  of  the  prcstium  ubtuined  on  euutraction  would  vary  ucoordiuKly 
<I>oiident). 

The  intrathoraeie  prco^urc  can  be  determined  on  a  Hrinp  animal  mXao,  by 
introdueinf;  n  flnttrned  efinniila  tlimiiKh  n  HHllilcp  nitenin?  into  the  pleural  cavilj, 
care  beinK  taken  to  prevent  the  oiilrance  uf  air  (Frederick). 


312  RESPIRATION 

By  the  former  method  the  intrathoracic  pressure  in  man  has  been  found 
to  be:  for  the  normal  expiratory  position,  — 5  to  —6  mm.  Hg. ;  for  ordinary 
inspiration,  in  the  neighborhood  of  —8  to  —9  mm.  Hg. ;  for  deepest  inspira- 
tion, — 30  mm.  Hg.  Since  the  intrathoracic  pressure  rises  immediately  after 
death,  thescsfigures  may  be  somewhat  too  low  (van  der  Brugh). 

With  the  glottis  open  the  pressure  in  the  pleural  space  is  never  poeitive. 
But  when  the  glottis  is  closed  and  expiratory  efforts  arc  made  so  that  the  air  in 
the  lungs  is  compressed,  the  intrathoracic  pressure  may  become  positive.  But 
in  this  case  also  the  pressure  within  the  lungs  is  greater  than  in  the  pleural 
spaces,  for  even  now  a  part  of  the  air  pressure  is  consumed  in  unfolding  the 
lungs. 

The  effect  of  suction  in  the  thorax  on  the  circulation  has  already  been 
mentioned  (pages  176  and  227).  It  plays  an  important  part  also  in  respira- 
tion. For  the  work  to  be  done  by  the  inspiratory  muscles  is  considerably 
increased  by  this  negative  pressure,  whereas  expiration  is  favored  by  it.  Thus 
since  the  air  pressure  acting  upon  the  inner  wall  of  the  thorax  is  lower  than 
the  atmospheric  pressure  exerted  upoii  the  outer  wall,  every  dilatation  of  the 
thorax  is  counteracted  by  a  force  corresponding  to  the  difference  between  the 
outer  and  the  inner  pressure.  If  the  pressure  necessan.-  to  expand  the  lungs 
be  taken  as  8  mm.  Hg.,  with  an  atmospheric  pressure  of  7G0  mm.  the  internal 
pressure  would  be  only  T52  mm.  Hg.  That  is,  the  inspiratory  effort  at  every 
mo^'able  point  of  the  thoracic  wall  would  be  opposed  by  a  pressure  of  8  mm., 
and  this  resistance  increases  more  and  more  as  the  expansion  increases.  It 
is  obvious  without  further  discussion  that  the  eipirutory  contraction  of  the 
thoracic  wall  is  favored  by  the  same  circumstances. 


§2.    nrSPIRATION 

The  expansion  of  the  thorax  is  accomplishwl  in  two  ways:  by  eUvatum 
of  the  ribs  and  by  contraction  of  the  diaphragm. 


A.    RfGISTRATIOn  OF  RESPIRATORT  MOVEMEKTS 

Some  of  the  meihtxl?  in  use  are  for  the  purpose  of  recording  movements  of 
the  thoracic  wall  or  of  the  diaphragm.  The  former  can  be  rvgistered  either  for 
man  or  animal  by  fastening  a  receiving  tambour  to  ihe  chest  wall  by  means  of 
a  girth  of  suitable  form,  and  transmitting  the  pressure  variations  accompanying 
the  resjiiratorj-  movements  to  a  rw.vnling  tambour.  Fig.  1^1  represents  a  pneu- 
m(*graphio  curve  obtaiueil  in  this  way. 

Thrvugh  a  small  bole  in  the  upper  part  of  the  anterior  wall  i^f  the  abdomen 
a  spoon-shaixHl  instrument  may  be  intrvnluoed  lvTwt=fn  the  diaphragm  and  the 
liver,  and  tho  movements  of  the  diaphragm  revH'nied  by  the  movements  which 
the  iustnimoiH  makes   ( phrenopraph  of  Ro«'inhal"». 

By  still  othor  meih-Hls  the  volumes  of  inspired  ajid  03:i>in.\l  air  may  be 
reivn-irtl.  To  thi-;  iiul  t raohoMtomy  is  ivrfoniiixl  •  :i  tlio  animal,  and  the 
trachea  is  Oi'mieoud  with  a  r^Hviver  of  suitable  size  ^Fiir.  I2il.  B\  which  in  its 
turn  comniunioatts  wi;h  a  reor>i\iir.g  tambi^^ur  of  Many,  .r,  K'Tur  stilL  with  a 
amall  spirometer  \¥i^.   l^^.  A^.  or  a  similar^-  devised  box  known  as  an  aero- 
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him  to  breathe  through  n  tube  opening  to  the  exterior.  The  respiratory 
moTcmcnts  are  repre»etiiv<i  by  the  variations  in  the  volume  of  the  inclosed 
air  (llering). 

B.   MOVEMENTS  OF  THE  RIBS 

The  twelve  ribe  (Fig.  124)  are  thin,  partly  bony,  partly  eartilopnous  h( 
pr»je(Ttiii)(  fmni  e«ch  side  oi  thv  thuraeic  v(.Tti.'bnt.',  nm!  bi-miiiip;  niiltvanl,  for- 
ward anj  duwuward,  so  as  to  inclose  a  space  calteil  ihv  Ihurudc  cavity.     The 


vmw^m.    mNMMi 


^0.  133. — R(>«|nrmtf>ry  <-ur\'('  of  k  rabbtt.     To  be  road  fnim  riK'it  lo  Irit.      Tlie  tlowrnstrakc 

n:[in^»r4ita  iiut|iinttii)ii.      Tin*  lawrt  tracing  in  it  limRm'unl  in  wi^itiil.i 

upper  nevfii  pairs  are  fasti'iird  in  front  dirpctly  to  the  Htt^riium  airing  the  loid- 
line  of  the  body,  while  of  tiie  lower  live  puire,  two  or  three  unite  with  the  etertium 
iiidtreclly  and  the  otbers  end  freely. 

Kaeh  rilt  is  joined  lu  its  vertebra  b.T  Iwo  ariieuloliona,  one  with  the  c<.>ntrum, 
the  other  with  the  Ininaverse  prncrss.  Ileiife  the  axes  an^und  which  the  riba 
rotate  til  llieir  nn>veiiieiiti*  lire  deti-rmiiieil  by  the  relatii'c  jiunitioii  of  tlw  two 
articular  aurfuees.  AreorHing  lo  l^anderer.  the  axes  of  the  ribs  froiu  the  first 
lu  llic  tenth  lie  iu  horii:<<iiial  pluuii^.  hut  arc  uiyl  purullel,  (be  aiiulei;  whieh  thu 
axpi*  make  with  the  nutlian  plane  bi>iiiK  nf  iinnqual  nize.  Tbit^  aiiKip  for  the  first 
rib  la  about  80".  niid  deereanes  nc-urly  uniformly  from  the  first  to  the  tenth 
w4iere  it  ia  44°.  From  this  follows  a  fact  -very  important  for  the  uliidy  of  the 
moreninita  of  the  rib)*,  and  wbith  hn«  l)een  cnnfirmetl  iili«o  by  dir«'et  obitervat ion. 
namely,  that  ibe  indiviilual  rilw  by  no  memiM  dewL-ribe  iiipiitical  arcs.  The  axe* 
of  notation  »if  ihe  last  two  rilw  are  iiietiaied  at  antlh-s  of  10"  mid  20°  ro«pi*etjvoly 
from  iIh-  hurizoiitid.  white  their  iuterMiutiui^  aiiKh-ii  with  thu  median  plane  are 
S0°  and  US"  n>a|H>oliveIy. 


When  (he  rihsi  are  raisitl  on  ibeir  axe-t.  in  the  first  jilaix*  the  distance  r>f 
their  anterior  eiidw  froin  llie  iiaeklionn  i.«  increased,  and  in  the  second  place 
the  lateral  part«  of  the  ribs  are  carried  outward.  The  thoracic  cavity  is  en-' 
largcd  therefore  in  both  the  dnrwi-venlral  and  the  transverse  dinmetcp*.  Tli« 
e\lcnt  lo  which  ihi-i  eiilar;;i.'niei;t  takes  place  at  the  level  of  the  individual 
pairs  of  ribs  defK'ndts  u[mhi  the  inelinati'tn  nf  cAch  ajul  n)>i>n  the  intei'MH.'tiiig 
aiigU;  it  miike!:  »'ith  the  median  plane.  The  ■rrealer  llic  indiiialion.  the  greater, 
for  rilw  of  equal  Iciijjth.  become*  the  doniO-ventnU  enlarj-enieuL,  and  the  i<innller 
the  intcrseetins  anple  of  the  axi?  with  the  median  plane,  the  gn-ater  is  the 
Irflliaverse  cnlflrgcmient. 

In  this  elevation  and  projei'lion  nf  ribs  the  xlrrnum  h  of  courw;  advanced, 
and  Ibis  enu  only  he  arc-omplijihcd  by  ilrf  rotneion  aliout  a  horizontal  axis 
passing  through  the  upper  end  of  the  iiianubriuni.    Since,  moreover,  the  dis- 
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tancoit  nf  ihc  stpmal  end«  of  tlie  liifforent  pairs  nf  ribs  from  the  spinal  raliimn 
an  unnjiial,  ilie-  xeparate  «egm«nt^  of  the  ^tcniiiui  inu&l  be  rnovu<l  uuct^unlly 
and  mudl  be  bc-i»  on  each  nlhcr;  aiul.  what  in  more  important,  the  costal 
cartiiu^uii  ari.'  thrown  into  a  iwit^t.  Xatiirally  Lhi^  ormsinnH  tomn  resistance 
to  ilie  elevation  of  the  ribti,  which,  in  addition  to  ihc  resiiitanee  of  their  weight 
and  of  tho  nejjativo  presesuro  in  the  thoracic  cavit_v,  must  be  overcome  by  the 
uiiucles  of  in»:piration. 

If  the  ribs  be  mm-ed  out  of  ihoir  nalural  ijosition  by  any  force  and  thi* 
force  tbt'u  «««;  to  act,  tlwy  will  rHum  of  ihrmse.hes  to  the  position  of  rest 
by  reanin  of  the  alK>re-niun(ioned  anatoiiiitjal  circiimittancei^ 

.Sinn-,  ihercforc,  the  olevntion  of  the  ribs  cauftes  an  expanifion  of  the  rhcst,  HT 
Khali  tltvignuti-  ah  ini^|iinitory  all  lbo»« 
niuscten  by  the  contraction  -of  which 
the  ribti  are  ratiwd.  Thitt  i»  nut  <H[iiiva- 
lent  to  euying  that  these  inu».-k's  al- 
ways act  in  inspiration.  Some  of  ilio 
rib-lifting  muHcdcs,  be  it  expnwtly  ol>- 
seired,  are  active  only  in  very  excep- 
tional catieK,  while  in  iintuntl,  ipiicC  ^J 
^Itreathing  unly  certain  of  the  iuu8cle6 
participate. 


Thf    most    widely    ilifffreiit    viewa 

have  been  exprpssed  from  time  to  time 
[IIS  to  what  muselea  actually  lift  ibe  T\\r><. 

This  ia  e»ijet.-ially  tru<!  uf  tbu  lulercustal 

mmclee.     In  t.hf>  opinion  of  some,  both 

the  external  and  the  intcnial  iiiter«>!>tal?i 

are  inspiratory  nimii.-lci«,  in   rlic  npinion 

of  olbvrB  both  aw  niuwies  of  expiralion  ; 

otiient  Hiiain   bi-lli-vu   ibut   the   extcriiul 

tend  til  miw.  ibe  iut^^mal  to  de)in>HH  ihe 

ribs;    and    finally,    rhe    riew    ba^    been 

maintained  lh«t  litfM'  n»t«ole«  an'  prwi- 
_»nl  only  for  tb*-  iiunK>»e  of  ref^lating 
lie   tennion    in    the    intereo>«tal    spaces 

and  of  mtatinp  the  thnrnx  in  its  Inn? 

axis.    By  nbMrraltons  on  living  animals 

in  which  nil   Ibe  uiuhi.'Il'm  of  rf^tpimtion 

wi-re  exciudi'd    except    the    intwrcostals, 

it  ha9  now  been   made  dear   that    rhe 

outer  layer,  aa  well  as  that  part  of  the  inner  id«duded  between  the  pcwtal  carti- 

laecs.  nerves  lo  elevate  the  rib*,  while  ihc  remainder  of  the  inner  layer  draws 

the  ribN  down  (RerKendal  and  BerKman,  I{.  Du  Boifl-RcymoDd  and  Masoiu,  K. 

Fiek). 

In  the  nibbil  a1  least  tho  inlerendtal  mii^Ies  are  the  most  impurtant  m>  far 

BK  ihe  ihoraoic  brentbinK  i'*  i'on<-#>nie«l.    When  (TTfater  demand  \»  made  upon  the 

tn^selea  of  inspiration,  tlic  Irrnforrs  cottlnrum  nnd  the  aealeni  are  added  first. 

The  levatorcs  alone  are  able  to  Iwk  after  the  rpjipiratory  iniivempnu*  for  a  cer- 
tain time,  and  their  action  in  the  eat  i»  verj-  important  (Koraen  and  B.  MilUerl. 

Simv  ti»ee  muHclps  are  inaerled  quite  eloee  dowu  to  the  hinder  etido  of  the  riba. 


\ 


Fm.  134.— Tito  ttioTkn  fvn  trotn  the  right 

irl'lr.  nftrr  Sp«ilebaUa. 
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tbcy  cflii,  with  very  elig'ht  contraction,  produce  rerj-  marked  movcmonts  of  tho 
Bnterior  ends. 

In  llic  robbil  with  more  viiitiruUiii  ri^piralion  lln'  serrati  jif/jtlici  miperwrtsi, 
the  stfrnahyoidei  and  the  siertxnthyroidft  romp  intn  pl«y.  In  iTinii.  finnlly, 
Duchcnnt'  haa  found  thar  in  th<-  greatest  rosiiiratory  distn-As  thL'  fidttiwing  mus- 
L'U«  ore  active:  ihc  sltrnncleida  masiuids  wliicli  lift  the  sU'riiuin  when  llie  head  is 
fixod ;  thi!  peeifiTatea  minnres  which  lift  xhp  (hiril  li)  the  fifth  ribs  with  the  Bcapula 
fixed;  the  atrrati  aniici  magni,  the  pectorales  majorea  and  the  aubclavii. 

C.    MOVEUEITTS  OF  THE  DIAPHRAGM 

The  diaphragm  springs  from  the  entire  inner  aurfiHH'  of  the  lower  edge 
the  thomcic  skeleton;  it*  tilM-rs  i-fJiiverttr-  toward  the  axis  of  the  bociy.  nnd  attach 
tbemHelvi^s  to  the  flut  t«ndun  situated  iu  the  center  uf  the  luuacle.    It  presents 


-V. 


•^^ 


Flo.   125. — 8«li«mK,   Aft«r   lluae,   slinwiitK   l)i»   mnvpmonta  nf  th*  diaphngiu,   1iv»r,   atoRiach, 

and  itpl<«n  in  cvHpimLlon. 

a  con-Fox  cun-atnrp  toward  the  thoracic  cnvity.  heing.  bo  to  speak,  arched  oxer 
the  convex  upper  iturfiiev  of  the  liver. 

When  the  muscle  fibers  of  the  dia[)hra^jii  eiintnict.  ils  dnme-fifmpcd  nppor 
part  is  flatletied  and  moves  dnwiiwanl.  The  central  tendon  takes  part  in 
the  movement  and  heconiw  flattened  because  of  the  pult  of  the  miiscio  fibers 
on  all  side-;  of  its  jicripherv.  However,  in  deep  respiration  (he  dome  itself 
always  descends  further  than  does  the  center  (Hasw.  Fig.  J'^J).  Accortling 
to  ohaervationa  made  with  X  rays  (Cowl),  ditring  deep  respiration  the  grreep 
of  the  diaphrapm  corrtspond«  to  the  distance  from  the  middle  of  the  tenth 
to  the  iii)p<T  e<lpe  of  the  twelfth  Ihnrticie  vertehra.  The  masimal  exriirsion 
of  the  central  tendon  Ih  alwnit    I  cm.  (ririinrnos). 

At  the  »auie  time  hv  elevalion  of  t]ie  ribs  and  of  tho  stcraum,  Ihe  hm-er 
end  of  Ihe  thorax  is  increased  in  diameter  (Dnchennc).  Thii*  U  poitsible 
hecause  the  abdominal  viscera,  althotifrh  deprtsscd  as  an  entire  mass  by  tho 
contraction  of  the  diaphrafrni,  present  their  upper  snrfniv  as  a  fulcnim  on 
which  the  eireumferenee  of  the  diaphrajiin  is  lifted.  If  the  abdominal  viseiTa 
be  removed,  when  the  diaphragm  contracts  the  lower  rilis  ftpprnaeh  each  ntlicr 
and  tho  lower  end  of  the  thoras  is  narrowed. 

By  reoMin  of  these  changes  the  thomcic  artivity  is  enlarfred  from  aho\'e 
downward  and,  at  the  extreme  lower  end,  is  enlarged  aUo  from  eide  to  side. 
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With  regard  to  the  reiniivr  impuriunrr  of  the  «iiaplirapin  ami  the  rib-lifting 
musrles  in  inspirntion,  wn  fiinl  mijon;:  oivilizod  pooplo  that  in  the  man  the 
diaplirapii)  [ilnvs  n  more  fti^^nilirniit  part  tlian  it  Acnif-  in  tlic  wnman.  At- 
tempts bavc  bceu  niiidu  to  rululL'  Itiis  dilffreucL^  to  the  «tatc  of  pregnancy  and 
the  attendant  gmwth  of  tlio  iiUtu;*.  But  this  appears  to  1m?  true  only  to  a 
liniiti.Hl  extent,  for  Sewall  and  l*ollak  have  found  thnt  ihc  respiration  of 
Indian  women  is  plainly  of  thu-  ukloininnl  i\\>*i.  TLe  respiration  of  growing 
(Europcfnn)  girls  U  characterized  by  Gregnr  lu  a  combination  of  thp  nlMJom- 
inal  and  the  ttinracic  lypew.  with  Ihc  diaphrngmalic  part  prpdnminnnt,  and 
with  weak  action  nf  llie  shoiddcr  pirdlf ;  Ibat  of  boy^  u"  pn-tlojiiinanlly  Ibo- 
raoic  with  strong  nrtion  of  the  shonldi-r  iniisel***.  In  fon-^'d  nwpiration  <if  boys 
the*  chief  auxiliary  nicehaiiism  called  into  play  is  the  shoulder  inusclos,  in 
prls  it  is  the  dinphragtn.  Alt  thi*  means  that  the  actual  cnn^c  of  the  feminine 
type  of  rtvpiration,  often  ransidered  as  norinal,  i»  to  be  sought  in  the  eoni- 
prossion  of  llie  abdomen  by  cloihet*.  e-speci«lly  the  corset;  and  Ihi*  has  been 
confirmed  directly  by  the  observntions  of  Kitz.  A«  a  consequence  of  thia 
compra*sion  n  woman  grn<liinily  aif|uire>'  the  costal  type  of  respiration,  until 
finally  it  become*  normal  for  ber. 

Wc  linvc  at  present  but  a  sluitle  n)eiitiur«mLtit  of  the  nbsolule  value  of  (he 
dijtphrafrmatie  as  (Mmpnn-d  with  the  contnl  L-ulurtcement  of  ihe  thorax;  namely, 
out  fif  -I'.ni  e.c.  of  inspired  air  fin  a  mniO  nbout  'AiH  cc.  devolved  upon  the  dera- 
tion of  the  ribs  and  only  HU  c.c.  nil  the  deflconi  of  th«  diaphragm  LHullkrantz). 


I 


g3.    EXPIRATION 

In  ordinary  quiet  respiration  the  thorax  appears  to  pass  into  the  expira- 
tory position  principally  by  mere  c(!SAat ion  of  the  inspiratory  phase.  When 
the  diaphragm  conlraclM  it  pnshes  the  nlidcniiinal  vim-era  downward  anri  pro- 
duces an  incrpasf^l  tension  of  the  abdominal  wall.  When  it  relaxes,  it  i? 
brouglil  back  lo  its  pofiEion  of  rest  by  the  elastic  recoil  due  to  this  tension. 
The  ribin  are  brought  back  from  the  inspiratory  position  to  their  position 
of  rest  by  the  force  of  gravity  and  by  the  elasticilr  of  the  cartilaginous  con- 
nections JK'twccn  tlie  ribs  am)  (he  slpninni,  Ittith  in  the  abitominal  ami  tlio 
thoracic  type*  of  respiration,  the  return  to  the  expiratory  position  ii^  aided 
by  the  clastic  pul!  of  the  lungs  (cf.  page  ;J1I ). 

Ordinary  cxpiratwn  appears,  therefore,  not  t-n  require  any  muscular 
effort.  The  fact  that  expiration  dws  not  Wgin  suddenly.  V»ut  gradually, 
can  \vt  explaint^l  by  raying  lha(  the  cnnlnii-liou  of  the  inspiratory  mu.m-les 
dow  not  ceme  all  at  once,  but  rather  slowly.  According  to  Kome  authors, 
however,  the  internal  intercostal  niusclrs,  which,  as  wc  hove  aeeii,  tend  to 
lower  the  ribs,  are  active  in  ordinary  expiration. 

Under  some  circurastance*  expiration  takes  place  by  reason  of  mnsrular 
activity,  and  the  volume  of  the  thoracic  cavity  is  diminished  considerably 
more  than  is  onlinarily  the  case.  This  kind  of  expiration  is  desrribnl  u> 
active  to  distingiii«h  it  from  the  ordinary  or  paMive  expiration.  It  is  exectitod 
chiefly  hy  the  abdominal  muscles. 

By  the  contraction  of  thene  mu»cle»  (primarily  the  rteii  and  txtertui 
pbtiqut,  secondarily  Uie  infrrttaJ  olilique,  and  least  of  all  the  iranaversi)  the 
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ribs  am  drawii  ctownward  and  the  abdaminal  cavity  is  enniprr»sp(l  bo  that. 
relaxed  dia))lirafrtii  16  forvti]  df(t|K>r  into  lhc  ilinniL-ic  cavity.     In  thU  way  tbc 
thorax  ia  uarrnwed  as  mu'ch  as  posniblc  in  all  dircKrtinnH.  ^H 

In  Fig.  I2li  arp  rcpra^^nU'd  accnnlin^  to  Hh»'^  two  t-xtrvme  l_'i'])ee  ^T 
pcspiratinn ;  in  A  r  purely  diapliragmalic  type,  and  in  li  a  purely  thoracic 
type.     Ill  A  no  moveinenl  of  Llie  thoracic  vrali  cau  bt*  nwopuized,  and  the 


Fki.  126, — A,  a  purely  iliaphrnRmitttc  typ*  of  m<)>irKlinii.     A,  n  puml)-  tiiorwtio  type, 
Ilnmo.     1,1,  The  proHle  of  the  btnly  in  inapiimtion ;  «, «,  Ut«  mltoc  In  cxpimliou. 

anterior  contour  nf  tlip  fthdominnl  wall  only  h  proje^tol  in  inspiration  (i; 
In  B  the  strong  insjiiraloiy  nuivenient  of  the  thoriicie  wall  forwani  and 
upward  is  evidpnl.  Hocause  of  the  pawive  elevation  of  the  diaphrapn  the 
anterior  wall  of  tin*  aUlomcn  is  at  the  same  time  drawn  in:  when  the  ribs 
fall  ID  expiration  tlif  anterior  akloniinal  wall  curves  forward  again.  The 
contour  i,  t.  in  the  position  of  inspiration,  the  contour  e,  e,  that  of  e-xpiration. 


§4.    THE  NUMBER  OF  RESPIRATORY  MOVEMENTS 


In  quiet  breathing  tlie  nunil>cr  of  respiratory  nioTement.-i  in  the  adult 
ifl,  on  the  average,  1(i  to  19  per  minute;  the  extremes  are  ahoiil  IJ  and  24 
(Quetelet).  With  younger  persont-  the  respiratory  fretinem-y  l»  greater,  being. 
for  example,  dnring  ihe  first  year  nn  the  average  H  (maximum  70,  minimum 
33)  per  minute,  and  during  the  Gfth  year  on  the  average  26  per  ramute 
(cf.  Pig.   127). 

Various  circumstances,  however,  serve  to  alter  the  respiratory  frequeney. 
ft  is  increased,  for  e.xnniple,  hy  muscular  work  (see  below),  by  higher  external 
temperature,  or  by  an  elevated  body  temperature,  and  ma}'  reach  a  verj' 
value. 


EXCHANGE  OF  AIR   EN  THE  LUNGS 
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§5.    EXCHANGE   OF   AIR  IR   THE   LUNGS 

The  volume  of  air  tak<?n  in  wiili  an  (irdiiian-  insjiiralory  effort  is  estimated 
for  iKf  ailiill  man  al  iiIhjuI  riiHi  c.c.  Witli  a  frt'ijiu-mT  nf  Id  [ht  inimite  thia 
wmilil  give  a  veiililiitidiL  v(.)luiin!  (Iiivalli  voUinii;,  KowiiLhal)  uf  8.(K)0  c.c.  ^ 
(•  lilers.  per  ininute. 

Acconliiig  tu  Grtr^r,  llio  averaite  breitlb  volume  of  children  iu  the  first 
monih  amnuntH  To  1,3W  i\(-.  per  miiiulu,  in  tfai;  twelfth  month  3,UU0,  ami  betwuui 
the  sff^nd  and  thirteenth  yeara  it  varies  between  4.000  oiid  6.000  c.c. 

After  an  inliaiation  of  the  arerflge  voliime.  a  coiu*iderable  quantity  of  air 
can  .ttili  W  taken  into  the  kings,  and  after  an  nniimiry  expiration  a  cniijiidcT- 
ahle  quBntily  can  t^till  he  ex^H^iled  front  the  lungit.  But  if  we  luake  the  most 
extreme  expirntory  effort  with  tlie  a»Ai?tance  of  all  the  expiralnry  mTi«cIes. 
thiiTp  ri'inains  in  the  lungs  a  eerlain  quantity  of  air  which,  so  long  as  the 
thorax  i.i  iininjun.'d,  ran  never  Im'  dpulted. 

This  air  left  over  is  callwl  the  rt-nidual  air.    Attempts  have  been  made, 
by  variouh  methods  whieii  cannot  lie  described  here,  to  tietermine  il^  nmountj 


Jrm,  127. — The  anmtwr  of  rcoplmions  p«T  mintittf  in  pmaMU  of  diff«(vnl  Agra,  utter  IJurtHet. 

and,  if  vr  negleet  the  values  which  are  obviousl^v  incorrect,  it  has  been  found 
to  varv  from  ."inn  t-i  !,finii  e.e.  We  ishall  probably  nmke  no  great  mistake  if 
vc  e)>iininte  it  for  the  hcaltliy  adult  man  ai  l,0(tO  c.c.  in  round  nurniH'ri}. 

The  reason  why  the  rc4>idu&I  air  cannot  be  expelled  from  the  lune«  in  airaply 
that  when  entirely  collapsed  the  lungs  inrloac  a  miich  smaller  Bpace  than  i\w» 
the  thorax  contracted  to  in  nnallest  capacity.  Since  the  lung»  are  preued 
ajzaiuot  the  thoracic  wall  by  the  uir  inclosed  within  tbem,  their  volume  cannot 
of  poun*  be  diminished  beyond  the  volume  of  the  cheat  itiKrlf.  When,  however, 
the  thoracic  wall  is  npemsl.  and  the  air  prc»t«urp  inside  and  outaide  the  lungft  is 
then-hy  e«]uali2o<l.  tbey  collapse  in  %'irtue  of  their  own  elasticity  and  drive  out 
the  contained  air. 
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ET-en  the  collapsed  lim^  are  not  vImjIj  esiptr  of  air:  indeoi.  a  htm^ 
vfak-h  has  ooce  nspiifd  can  nerer  be  oitirelT  fn^  of  it?  air  br  nvfcbaakal 
mean^.  The  na^on  of  thU  L-  that  id  lb«r  <^lap~«i  ^laie  ihe  va{l>  <»f  :bp 
smallest  l>roDeliioles  pfe^  lofpetber  aad  thus  piwent  fortber  exit  of  air  fro^ 
(be  alT^L  This  la^t  quantitr  of  air  t~  spoken  of  a:^  the  mimiwui  mir  i  Her- 
mann  t.     Thai  Totmne  of  air  vfaicfa  cao  be  expdi^  afier  an  <H>linarr  expera- 

tion  amounts  to  about  l.^*'  ex.  and  t^  c«l>e<d 
tbe  trservf  mir.  If  after  the  tt^oal  tidal  t^^b^ 
of  5<>*>  cjt.  ha~  beai  inbakd.  in^pimioii  be  cob- 
tinoed  fortbH-,  one  can  with  the  ^Teai«=i  w»?- 
sible  effort  of  tbe  in^piratorr  mufc^es  take  ia 
some  l.i>-"-t  ex,  more.  Thi^  i?  calkii  tb*-  <*•- 
piemrmial  mir.  Tbe  ~ani  of  the  o>aipl«iDeBiaL 
the  tidal  and  the  reserve  air  ( l.*"'  -~-  »» — 
1.6«M"  =  S.Tmt  C-.C.I  repre^nt*  the  maTinai  ex- 
tent of  the  eseban^  of  air  pns^iUe  with  a 
single  CDrnfrfete  ^e:^piration.  and  i^  calkd  tbe 
vital  •rapaciif  of  the  Inng^. 

The  lital  capacity  ia  mea^nred  hj  ir^  takxeg 
ms  deep  an  inspiration  a^  possible,  and  then  ex- 
haling viifa  the  hdp  of  all  ibe  expiratorT'  mni«le» 

ffi'  ■ ^^  p-  into  a  tpiromfl^r  iFi^.  1±M. 

X'  ''jff  I  From  the  facts  thus  far  discoased  ««  re*eb 

tbi5  important  coocbt^ion,  that  ve  always  faaTv 
the  power  of  imrrrmring  comsidfrvhiji  tbe  qaantitTr 
of  inspired  or  expii^  air  wiiboat  exhaieiinp  Ae 
capabilities  of  the  res-piratot?-  apparatns. 

To  be  able  t^  jad^  the  effective  re^i::i  of 
palmoDarr    reDtilatioD.    it    is   of  great    !mpi>r- 
tanoe  lo  know  whether  the  iiL-pired  air  at-^aallj 
reaches  tbe  alveoli.     Thr  respirnory  exehanfe 
of  gases  takes  p!ac*  in  the  alvetr-ii ;  hot  the  air 
which    remain.-  in    the  air  passages,   iiK-lodin^ 
tbe  smalies^l  br«>nohio!es.  can  only  ci^mrihnre  to 
this  exchange  hy  •\if!u~-.'m  with  the  ake-tlar  air. 
and.  in  view  of  ihe  small  diameter  of  the  sniall- 
esi  broi»chio!es  and  of  the  fre>:j'j':^ni:'y  with  which 
air  in  the  pas.iaje>  is  chanijvl.   this  .!:5a?i':io 
must  l>e  relativrly  in-i^niir^t-an:.     The  oniy  war 
to  tl'-termine  whvthvr  air  i?>^  direrllv  to  ihe 
alveoli  is  to  estimate  the  total  capacity  of  ih>.-  p^-pirai'-n   r«assai:vs  fp^m  ibe 
nasal  openings  to  the  smallest  bronchioles.     Kn-'wia;;  alrt-a-iv  iht-  vo'ume  of 
tidal  air.  we  should  then  know  whether  thf  air  pa-si^res  a'oc--  W'-rv  saSk-ient  to 
commodate  the  tidal  volume.     Onlv  two  inoh  -lir^-:  -i-T-^rrninations  have 
t  been  made,  but  according  to  these  the  "  nox:-'us  air  -r-avv."  as  it  has  been 
led,  amoiutf  to  about  14"  c.c.  iZuntzi.     Rv  an  :::.;->-.■  :::.:■-;■-;.  :he  prin- 
ks of  which  cannot  be  presented  here,  the  '■•v^r  li.-r.;:  ^f  ih:-  i-JT»acirr  i* 
ad  to  be  about  I'Ki  c.c.  and  the  upp^r  1-^"  o.o.   (b-Tvi.     tt;   the  volume 


r^ 


^^ 


FiC-  IS. — Spirometer.  After 
Hotfhis*oo-  Ttit  eijwiwd  tir  b 
bknra  la'ci  :b«  ;*iik  S  thrau^ 
Ibe-  rube  E.  Tbe  weight  C 
serttf  :o  oS-i^.  \ije  «eicfat  d  the 
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taken  in  at  (•aeh  inRpiralion  (he  greatest  part  tlicruforc  roarhet*  the  nlvoali. 
It  U  evident  lliat  this*  rinxiou«  space  miwt  exerci*e  a  {greater  iuttueDce,  the 
.anore  superHcia!  ihe  respiration. 


ge.    CONCOMITANT   RESPIRATORY   MOVEMENTS 

Be«ide!i  the  mascles  Already  considereil  as  influencing  the  capa<?ity  of  the 
chest,  titill  otlievi;  are  active  at  the  same  tiino.  whirh  are  nf  »ninc  itn[iortance 
for  norma!  rwpiration. 

Among  these  arc  the  muscles  which  move  the  vocal  eonlii.  In  riiiiet  renjA' 
ration  the  glntti.«  is  ratlner  widely  open  ami  iiiakc!=  but  slight  iimvftiiunts 
(Czennttk).  But  in  ninro  active  respiration  it  iji  widoned  by  contraction  of 
the  posterior  rru'uartjtntoui  iiiiiwks  at  each  inspiration.  When  the  raUBclea 
of  the  vocal  cordfi  an;  paralyzed.  Mm  cords  lake  an  oblique  pn^ition  with  their 
npper  surfaces  directed  outward.  'I'heir  inner  edges  are  thus  separatwl  liut 
slightly  from  one  anollior  and,  l^iiij;  relaxed,  an-  tirawii  (nwiird  pftch  other 
by  the  current  of  air.  In  young  auimals  complete  closure  uf  the  glottis  may 
■  be  produced  in  thia  way  and  suffoeation  he  the  result  (Lc  Gallois). 


I 


§  7.    SPECIAL   FORMS  OF   RESPIRATORY   MOVEMENTS 


The  fnllowiriK  arc  to  be  inenlifined  na  speeinl  fonii:*  i>i  rf;i[>irat<iry  movc- 
(1)  Couffhing.  a  powerful  cxpiralion  prrMtufcil  n'llexl.v  and  Ihvuii  with 
•  elnoed  si"'!'!*,  whirh  is  llifo  npfiicil  by  nii  oxplitnive  bU^l  of  air  uiid-.r  hiKb 
preeaun'.  wht-nw  tlw  BCfuinpatiyitiu:  hihiikI;  (2)  Sneeting,  a  powerful  iHlex  expi- 
ratino.  with  open  K'b'ttiH  niid  the  mouth  eaTJty  closed  off  from  the  phar>-nx:  ii 
i«  often  iulroduced  by  a  deep  inspirutitm:  (li)  Laufihing,  a  wrica  of  short  and 
wi>ak  expiratorj-  blasts  with  ti^Htly  i'li>sc<l  glotlix;  (4)  I'diumnff.  n  di*«p  iiiopira- 
tiun  with  ibt'  ((liitlitt  widely  r.>[n-ii.  and  a»  a  rule  with  the  mouth  o|>en:  (5)  9igh- 
%ttg,  a  deep  inspinition  followed  by  a  prolaiieed  i-xpiraiiun  with  partially  cluced 
glutlis;  <4t)  Sohbini;  is  diitiiiiKuiithcd  from  BiKhiuff  only  by  ihf  ndorily  nf  the 
inspiratory  act;  it  is  unualiy  acrompattipd  by  a  spasmodic  asct'iit  of  the  lar>'nx. 
All  these  fomw  of  respiratory  movements  are  produced  reflesly,  or  arc  ihe  neeom- 
panimciiU  of  psychical  stalefl  and  are  even  iben  to  a  certain  extent  n^tU'x. 

§  8.    PRESSURE   CHANGES  IN  THE    RESPIRATORY   PASSAGES 

On  .leeouni  r)f  the  slight  force  neee&ary  to  expand  Ihe  lungs,  when  the 
thorax  i»  enlar;;nl  Ihey  begin  to  expand  immediately  at  the  beginning  of 
inspiration,  and  the  ahvolar  air  naturally  h  at  Brat  Mmcwimt  rarefied.  With 
the  glottiH  open  new  air  Howw  in  fnun  outride:  hut  in  view  of  Ihe  Mntivc 
narrowm-ss  of  the  respirntorj*  pa.-wnge  and  the  i^nstriclioos  oc«-urring  at  dif- 
ferent places  along  it,  the  inflow  ennnot  tnkc  place  im^tuntly,  and  m  a  eonae- 
quence  one  always  finda  a  nftfalii^r  prr^ure  in  the  uir  pat^ige^  during  the 
initpiratory  pha.se.  Vice  vfirm.  when  expiration  takctt  place,  Ihe  air  to  \)e 
I  exhaled  cannot  csi'afH'  trntm^diatcly ;  hence  we  always  find  a  positive  prtsgun 
in  the  parages  during  the  expiratopi*  phase. 

With  an  open  glottis  and  a  static  condition  of  the  thorax,  the  tension  of 
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the  piilnmnary  air  very  quickly  stTikos  a  bnlnncf  with  thai  of  Ihn  ontcr  air, 
(SO  that  we  iiiix't  the  [ticipurv  variation;*  just  tle^cribi-d  <ia\y  when  the  capacity 
of  tJie  lung:*  ia  being  changed  by  inspiratory  or  expiratory  movements. 

In  order  to  determine  the  iib»olute  value  of  tbeee  pressure  varititions,  a 
T-«h8|M,-d  eaitiiula  i»  iiitrvduecd  into  the  tniebi-a  uf  a  dog.  the  ntiinial  breathes 
aa  uimnl  thruuxb  the  uninjured  glottis  ftud  the  variatifins  uf  ppessure  are  mea«- 
tirwl  by  »  niaiinmctcr  ooniim-led  wilh  Ihi*  iiiiiiairt'il  Utnb  of  th*-  euniiulH  (Kramer), 
This  method  hits*  U-eii  used  nt&o  on  patieiiti<^  with  h  Irnehenl  ti^iuln.  With  nor- 
mal [wn-ons  rither  ihe  mannmeler  tulH"  i«  phu-ii)  in  imu  iii>Htril  and  ihe  subject 
brenthes  ihrongh  the  other  (IVindere).  or  he  is  alhiwod  lo  bwathe  from  a  wiile 
bottle  ronnirotetl  on  one  side  with  n  manometer  and  on  thL-  olber  by  a  wide 
tul>nltin>  willi  Ibe  uiit-HiiLe  «ir  (Ewnbl)' 

It  is  I'vidftit  that  the  values  obtained  in  these  experimenln  mutit  be  Bmaller, 
the  noftper  the  maiitmieter  is  bn-upht  to  (lie  outer  opeuinirs  of  the  respiratory 
passaires.  Hy  the  la-'^t-namnd  nielhod  Ewnld  found  a  precsiire  of  —0.1  mm. 
Ilg.  for  inspiration  and  -f  t).13  mm.  for  expiration.  Wlu'ti  Ponders  plneed  the 
maiioini'ter  (olte  in  i>ije  mwlril,  he  otitMiriied  for  iii!«iiirHti<r[b  nl'«^'iit  — (l.T  and  for 
ex|iinitiun  +0.5  mm.  Ilg;.  In  ex|)eriments  on  men  with  a  tnieh<-nil  Hi'tuta,  Amn 
obtuinetl  bebtw  the  glottis  the  value  of  — 1.1)  mm.  for  ini^piratiou  aitd  +  0.7  for 
expiration. 

In  order  to  measure  th&  force  of  the  diffrrr:nt  phasffi  of  rcspiratinn.  a  ITg. 
manometer  is  placwl  in  nir-ti^iit  conneeiinn  with  the  inmilh  and  nose  by 
nu'-ans  of  a  elos<>ly  fitting  maj*k.  and  Ihe  subject  breathes  into  the  npparahiB 
(Valentin.  Hulehiiirton).  Of  conrsfo  no  nir  can  paw  into  or  nut  of  the  Inngs, 
but  instead  the  air  already  in  them  is  nirefiet!  or  compret«itxl  according  as 
tin*  elTnrt  is  made  lo  inhale  or  exhale.  The  pressure  readings  given  by  the 
manometer  may  then  scrvr  as  relative  expressions  of  the  power  employed  in 
the  tvo  phases.  By  nueh  a  metlnKl  HtiCehin^iui  fonnd  in  iirdinary  linwthing 
A  pressure  of  —  jO  mm.  Hj;.  for  inspiration  and  -\-tf>  mm.  for  ex))iralioH. 
Willi  (III?  dw^iHM-t  [KJSHJble  intipiration  the  [>rcftsure  U  given  at  something  like 
—  HU  to  —150  nirn.  Hg. ;  fnr  the  most  intense  expiratory  elTort  possible  the 
iigures  vary  between  -)-  lOfi  and  +  256  ram.  Hg. 

On  three  different  iudiTiduaU  Mossn  determined  the  inspiratory  prOMUra 
for  pure  eoBtal  and  pure  diaphrnKUiatie  breathiuje  and  found  the  value  in  the 
former  to  bo  from  —'A'i  lo  —40  mm.,  in  the  latter  from  —10  lu  —20  mm.  Htf. 
(cf.  page  317). 


g9.    THE    RESPIRATORY   SOUNDS 

Bj  nuseultution  of  the  lungs  and  nf  the  nir  piiSHag<-s,  two  difleniiL  sounds 
can  be  heani:  namely.  (I)  the  vesxrulnr.  nnd  (9)  the  hranrhxal  sound. 

To  iniitnte  ilie  diaracTer  of  the  vesicular  sound  nm>  has  only  to  »uok  in  air 
thmugh  the  mouth  with  ihn  lips  pitrwetl:  a  nipiiin^  tumnd  ih  prinlueed  which  is 
almuMi  exactly  like  the  ve«ieular  sound.  It  is  euid  lo  be  produced  at  the  moment 
when  the  air  current  enters  the  alveoli. 

Thiring  i-xpimtion  ihetv  i»  to  be  heard  in  ihc  normal  condition  of  the  thorax 
A  weak  »nd  fofl.  iodetiniCv  aifpiraling  »ound  wliii-li  ^hdvet*  no  lriu->c  nf  the  sipping. 
vesicular  nound  of  innpiratiuii. 

Over  the  luryux  one  can  bear  during  both  inspiration  aud  expiration  a  very 


loud,  ahurp.  nspirntinfi;  ftound  in  which  h  or  ch  \«.  the  pn><JomlnntiiiK  compi'iK-iit. 
This  l«r>'n}(eal  eouiitl  i»  propiiKul*.-d  aloQR  the  traehc-a  nnd  the  two  main  broQcht, 
with  gradually  dimitiishiiiR  intensity  (the  bronchini  eiouiid). 

g  10.  MEANS  OF  PROTECTION  FOR  THE  LUNGS 

TIiL'  air  pamM^i-'s  Icndinp  to  the  luii^s  (mi^iil  cnvitit'!*.  throat.  IriK'ht'n  und 
bronchi)  eerrc  lo  proltft  (tif  pulni'nnarv  ulvii>li  t'lniii  varinus  kinds  of  injiirii's. 

The  narrnwnf'As  of  thr"  nn*iil  pa**apfN  nnA  \hc  brritl  which  the  nir  pnssa^c 
make*  in  tin-  ]tlinrvii.v  wrn-  lh«  UM'fiit  pnrpow  (if  fn'cinp  Iht'  in.'^pin'd  air  very 
largi'ly  i>f  H^  dnst  partick-s  nimv  th",-  hitli^r  inllivn.-  tn  Ihc  imifu-fM^TtHl  walU 
of  one  cavity  or  tho  other.  This  pmtprlion  is  larfrcly  wantinft  in  hreathing 
hv  Ihf  mouth.  The  duct  pjirticlfs  nro  also  driven  outward  hv  th«  riliti  of  llie 
opilheliutrt  lininj;  (he  air  jiftKiiajjes.  Tlii*  iiiovt'inenl.  ef[KH'iHlly  in  the  parts 
Iwlow  till'  hirvnx,  is  of  ^rent  Kcrricp  in  kwping  iht^  nlveoli   fin'c  of  ihist. 

Of  jireutiT  iiiiporlancL'  i^tlll  ia  tho  fnct  that  thty-  partj*  of  the  respiratory 
pa».^a^es  below  tho  j;tntti»  under  ordinary  cireuni!»lanp('s  do  not  perinit  tho 
development  of  HacliTiH :  Ihcy  ar<"  eilher  enlirely  sterile  or  lliey  roiitain  an 
inpignilieanlly  t^niall  niinilKT  <>f  HiK'leria  (.lundcll).  Si  nee  (lie  Iniehvat 
aeerction  potwe.-titc*  no  antiiseptir  properties,  this  sterility  must  be  accounted 
for  in  some  other  way  ac  yet  ciuitc  unknown. 

()iil.v  in  very  exoeptionni  ea.<)eR  dnett  the  inspired  nir  have  ihn  tempt>ra1urc 
of  the  body;  but  the  expired  air  come*  out  warmed  to  the  lemporaturc  of  tho 
hoily  and  aaltirated  with  inoisliirc.  These  rhnnK**!*  m-eur  chicH.v  iu  ihe  wider 
paH^niiewHyH  so  thai  llie  bronehi  and  eHineiall.v  the  Uelieale  alvefilt  are  i-nnivlvd 
fnnn  ihe  harrrifiil  effects  of  Iosh  of  heat  and  low*  of  water.  In  fact,  it  has  bivn 
found  that.  when,  by  inennH  of  an  aKpimtor.  air  nt  30°-13°  C.  in  taken  in  a(  one 
nostril  and  pnsseil  uul  at  the  other,  entrnnee  If.  the  pharynx  lieiuji  el.iseil,  it 
Com^'K  imt  warmi'il  tit  Hi"  C  and  saturated  with  nmi^lurc.  If  llie  niilside  tem- 
perature be  n°— J"  C.  it  is  wanned  lo  5r7.S*  C  In  similar  exporinient*  with 
oioutb  breathiiiif,  tiie  air  reacbiiiK  tbv  pharynx  was  sume  0.5°  C.  culclur  thuu 
with  none  brealhinR  (AHehenbrniidl,  Kn."n»pr).  From  these  ohwrvatinns  we  are 
entirely  juittitied  in  enncluding  that  the  nir  in  the  middle-ttiu^l  bnuichi  nt  leattt 
lia.1  aetiiiirci]  the  lein)terntiire  of  the  body,  and  is  imtiMilintely  naturatetl  with 
moisture  at  that  temperature. 

The  closiiri'  of  the  Uirynx  which  takra  plnce  in  swalhiwinfi  (pajn'  ?81) 
aK  well  »rt  dilFen-nl  evpinitiiry  n-fli'M'j?  whieh  are  lo  lie  di^eu^M-'d  iu  the  fol- 
lowing stH-'tiuu  lire  eeseuliully  for  the  protection  of  the  lungs. 
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SECOND    SECTION 
INNERVATION    OF   RESPIRATION 


g  1.    THE   EFFERENT   NERVES 

Tho«»e  muM-l«»  by  Ihc  contraction  of  which  the  thoraeic  cavity  is  enlarged 
or  diniininliiil  in  wiw  (if  we  nejilivt  llie  purely  aeei_-ss<»ri'  muH'les)  n-eeive 
thfir  nerves  from  the  spinal  cord;  llie  nerves  lo  the  sttiUni  pass  by  way  of  iho 
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second  to  the  seventh  cerrical  roots;  those  to  the  Jevatores  costarum  and  the 
abdominal  muscles  by  the  thoracic  nerves;  those  to  the  Jiapkragm  chiefly  by 
the  tliird  aud  fourth  cervical  root«  and  the  phrenic  nerve.  According  to 
LuHchka  and  Cavalie,  the  edge  of  the  diaphragm  receives  some  fibera  also 
from  the  lowennost  intercostal  nerves. 

If  the  Bpinal  wml  be  «!etioned  l«low  the  eiit  of  the  last  interoostal  nerree, 
the  operation  evidently  has  no  direct  influence  on  the  respiratory  morenienta. 
But  if  the  Roctirtn  ho.  uxrAo  in  the  thoracic  cord,  those  musclos  whose  nerves 
emerge  from  ttie  }:piniU  cord  beJon*  the  section  are  paralyzed.  After  ficctiou 
above  the  firal  intercostal  nerves,  for  example,  the  movements  of  the 
ribe,  with  the  exception  of  those  provided  for  by  the  sealcni  muscles,  cease 
entirely  and  the  animal  now  breathes  only  with  the  diaphragm  and  the 
ecalcni. 

With  still  higher  aectlnn  of  the  i^pinal  cnrd  all  the  muscles  above  named 
are  paralyzed  and  there  remain  only  the  movement*  of  the  glottis,  the  mouth 
and  the  nose  (Galen.  IjC  Qallois,  Flourens). 

When  the  diaphrfigm  is  paralyzed  by  bilateral  section  of  ibe  phrenies,  vari- 
ous disorders  iii  rcRpiratioii  «i>|tefir,  ei«|N-oi)div  in  nninitilx  vbidi  brrBtbe  mainly 
by  thv  help  uf  tliv  diupUrofdn.  These  may  be  uccounted  for  partly  by  the  fact 
that  the  rib-Iiftinu  mUi<clc-H  now  have  all  the  work  to  do,  and  partly  by  the  fact 
that  ^iiiee  th4^>  diuphra^m  is  now  relaxed,  the  abdnrairial  viscera  arc  sucked  into 
the  thomx  with  each  inspiration.  However,  no  real  dnnjrer  to  life  is  ocoasionwi. 
if  one  is  dealinK  with  grown  animals,  whieh  have  a  rigid  chest  wall  and  strong 
mwicle^.  Touog  anim«l«  die  after  bilateral  *e*'tion  of  the  plireiiics,  l»pe8u»e  tbe 
yielditiK  cbeHt  wall  and  the  imninrurr  mudcles  make  it  impossible  tu  dilate  tho 
chest,  once  it  has  become  narrowed  by  parnlyi^is  of  the  diaphragm. 

Observflliims  on  nifn  have  nhown  that  whfn  all  the  muscles  except  the  dia- 
phntgtn  »n?  pHrnlyzed,  a*  uell  an  when  the  diHiibr»giii  nlone  \»  i>»rnty]U'd,  life 
may  be  still  otaintained.  Iii  the  latter  case  the  respiratory  frequency  becomes 
frrcatcr  than  normal  and  breathing  gous  on.  without  any  participaliun  of  the 
acceesory  muscles,  under  the  ei()ii{>enition  of  the  hvatvrea,  tlie  intercoatala  and 
the  seaieni.    Great  bodily  exertion,  however,  r««ulta  in  fievere  regpiratory  distress. 

The  motor  n^rteji  for  tho  musclea  of  the  larynx  and  bronchi  run  in  the 
trunk  nf  tlie  vagus.  Among  the  laryngeal  muscles  the  cricothyroid  is  inncr- 
vatvd  from  the  superior  laryngeal,  the  others  from  the  inferior  laryngeal. 

It  waa  asserted  by  Longet   (184S)   that  the  brvnckial  musdes  also  arc 

under  the  induenco  of  the  vagus.    This  statement  wah'  often  disputed  by  later 

authors,  I)Ui  it  has  been  established  by  tho  newer,  much  improved  technique 

jthat  the  vngi  do  in  fact  produce  contraction  of  the  bronchial  muscles,  and. 

f«pOcially  in  the  cat,  contain  inhibitory  fibers  also  for  the*e  mus<!lt's. 

Tlie  bronchial  muscles  of  the  dog  are  under  ir^ait  tonic  Altmulation,  those 
of  tliv  horse  under  a  strong  tonus;  they  are  influenced,  feebly  as  a  rule, 
by  various  aflfcrent  nerves,  both  conlractioo  and  relaxation  appearing  as  the 
results  of  stimulation.  The  most  important  broncho-constrictor  reflexes  ap- 
pear to  be  startwi  Trom  the  mucous  membrane  of  the  rnspirfltori)'  passaged 
(nose,  lari'nx),  and  may  possibly  be  regarded  as  jirotective  nrflcxes,  for  the 
narrower  the  bnmchi  become  the  more  likely  is  the  dust  of  the  air  to  adhere 
to  their  walls. 
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The  chief  eervice  of  the  bronchial  muscles  is  that  when  the  intrabronchial 
pressure  rises,  they  give  by  Iheir  contraction  a  greater  degree  of  firmness  to 
the  bronchial  walls. 

The  niucouB  plandB  of  the  larynx  and  of  the  tmrliea  nw(-ivo  their  ncrrc 
fibers  through  thti  Itirynffei  nerves.  In  thipse  also  are  aHeri'iil  fibers  which  pro- 
duce a  Te6cx  secretion  of  mucus  in  the  larynx  and  trachea  (Kokin). 


§2.    THE  RESPIRATORY  CENTER 

Since  in  tho  movcnients  of  respiration  a  large  number  of  muscles  contract 
in  a  definite  sequence,  it  i«  to  lie  assumed  in  conformity  with  our  present 
views  oT  trmervatioii.  that  t^otriewliere  lu  the  central  nervous  system  ia  a  center 
eontroliing  the^e  movfmcnfs. 

From  the  fact  that  these  movements  do  not  cease  when  the  brain  is  cut 
through  na  high  up  as  Ihc  pons,  it  follows  that  the  respiratory  center  must 
be  situattKl  l)eh>w  that  point — i.e.,  not  hiijker  than  th>>  mfdiiHa.  When  such 
a  w^etion  is  maih"-,  the  diaphragm  stops  for  a  mameni,  lint  hegins  t»f  itself 
to  contract,  and  continues  quite  rt^ulurly  unlesv  some  uuiiitenLioiial  lesion 
has  occurred. 

When,  on  the  other  hand,  the  medulla  is  pcparated  from  the  spinal  cord, 
respiration  censes.  Galen  knew  that  in  the  upper  part  of  the  spinal  ei)rd  there 
is  a  pla/'C  the  ^h'strurtion  of  which  at  once  stopped  rerfpiration.  and  IjC  Oallois 
{181'.^)  elu>wed  lliut  thitt  t^pot  is  in  the  medulla.  Fur  a  long  time  it  waa 
generally  agree<l  (hat  the  respiratory  center  was  to  l)e  sought  only  in  the 
medulla.  Recently,  however,  it  lin^t  Soon  claimed  with  great  positiTenefis  that, 
although  there  is  »  regulatory  apparatui*  in  the  medulla,  the  trtif  renters  for 
the  respiratory  movements  are  to  be  sought  in  the  spinal  cflrd,  and  the  advo- 
cates of  this  dcK-triue  go  so  far  as  to  say  that  the  nuclei  of  the  respiratory 
nerves  are  stiirmlated  simultaneously  by  the  blood,  thus  giving  the  impulse 
for  a  eoonlinoted  respiratory  activity  (  Brown-Si^imnl.  l-angi-ndorff,  Wert- 
heimer).  The  stoppage  of  respiration  after  section  of  the  ccrrinil  eonl  would. 
in  their  opinion,  be  dne  not  to  separation  of  the  respiratory  nervee  from  their 
center,  but  to  the  shoeklJke,  inhibitory  effect  of  the  section. 

There  are  numerous  experiments  which  show  that  direct  stimulation  of  the 
spinal  cord  with  clwtrieity  or  by  mcchnnicnl  iiieAnii  may  stup  respiration,  and 
the  view  juat  meiiiioiied  is  well  suppi-irleU  by  such  facts.  But  it  in  at  present 
impoasible  to  decidi.'  how  long  such  an  effect  of  shock  may  last.  If  an  animal 
wboeie  cord  has  been  sectioned  in  the  neck  be  maintained  by  artificial  mpira- 
tion,  it  can  ho  hfpt  alive  for  hours.  But  if  the  animal  atill  does  not  breathe 
spontaneously  one  cannot  refute  the  claim  that  shock  still  pc-rsista. 

la  caacft  whcm  artiticial  rcapiration  is  tinit  maiiitainf^t  for  a  Ion;?  time, 
rhythmical  reHpiratioii  has  been  ob»iT\-t'd  on  animals  wilh  Ihe  cord  wverod  in 
the  neek.  Some  of  the  first  observations  of  this  kind  were  made  on  newly  bom 
animals  and  some  on  animals  whose  reflex  irritnljility  had  been  artificially  in- 
ereosctl  wilh  fltrjchnia  (llokilan8k.v.  I^ URendorff ) .  I^ter  Wertheimer  «ueeeed«i 
in  obtaininir  spinal  mtpiratiun  in  grown  anitnaU  which  had  not  been  poisou«l. 
Rut  when  liptnnl  respimtion  does  apiicar  it  is  never  of  the  same  extent  as  that 
controlled  from  the  medulla,  and  it  continues,  so  far  as  is  yet  known,  at  moat 
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for  only  three-quarters  of  an  Jiuur.  Often  it  cuiLiiut  bo  iuduccd  at  nil.  The 
aiiiioal  rent-'ts  unu.sually  well  to  all  kinds  of  sensory  Btiinuli  causing  rctlex  inus- 
culnr  rontnicti«m»,  and  llw:'  sjjiiiiil  vusomoldr  ci'titL-n*  rfm-l  imwL'rfully  to.  liip 
sttniuhis  uf  asphyxiation.  The  effect  of  .ihnck  therefrvre  is  pnst;  and  yot  as  a 
mlf  oiiL*  "liserve»  no  Keniiiiie  respiration.  To  maintain  the  doetritie  of  the  pre- 
pondenitire  of  spinal  rci^innituiy*  cuulcni  under  ^ui:li  circiunHtaiictti.  one  must 
assume  that  thotw^  centers  renH  toward  »hnck  in  fjuile  another  way  from  the 
other  ftpina]  centers. 

Till.'  fftct  thiit  hemisectirm  nf  the  spinal  eord  very  nfteii  dn«^  not  resnlt  in 
cessation  of  the  respiratory  mov<'nient»  of  the  »<anie  side  ( Bniwn-Sequard 
et  al.)  lApvuki  utruiiisl  the  h.vpoth<«ie  uf  vhoek.  Moreover,  when  cegsatiou  does 
occur,  it  ie  immediBtely  nullitif<I  if  the  phrf?nir  of  the  oppnulte  fiide  he  cut 
(Porter].  If  the  mechnnieal  injury  uf  seetioning  -were  lo  produL-e  bo  strong 
a  »hock,  HK  the  a<lv<K;iile«  of  llie  apiiial  cenlr-m  Anannie,  hcniiMHTtioii  of  the 
ppin&l  eord  should  stop  the  reepiratory  moveineuts  on  the  Hide  of  the  section 
for  u  time  at  le»Kl. 

We  reach  the  ennehwinn  therefore  that  the  medulln  h  nnt  r>nty  of  great 
imjKjrtarice  iti  the  regnlHtion  of  retipiralorv  moveineiits..  but  that  it  controls 
aUo  the  roonliiidtril  mfivltif  of  the  n'>pir«tf>ry  iniiMrleii.  Only  in  rare  nasos 
is  Kueh  an  elTeel  earned  out  hy  the  mick'i  nf  the  j^pinal  cord.  and.  allhongli 
we  can  i«)K'ak  in  general  terun^  of  spinal  re.-;piratory  centers.  It  apjtears  that 
in  wmpnrieon  with  those  of  the  medulla  they  have  hut  little  to  do  with 
producing  the  uormal  stimuli. 

The  fxnef  location  nf  the  respiratory  center  in  the  meduIU  h  not  yet 
defiiiiteiy  known.  This  much  appears  certain,  however,  that  it  if  not  a  small, 
ci renin wrif>Gd  sprjt.  hut  h  a  region  of  relatively  large  extent.  This  is  what 
we  should  expect  in  view  of  the  very  large  number  of  nervous  connections 
which  it  has. 


After  Tneilinn  wction  of  the  medulla,  the  respirntoTy  movement*  of  the  two 
halves  nf  the  diiiphragm  ( LanifendorR)  and  those  of  the  vocal  cords  and  the 
nose  (Kreidl)  continue  synchronously — which  shows  that  the  intluenees  oriai- 
nating  thu  respiratory  muremeiitB  proceed  sitnullaueously  on  the  two  side*  of 
the  center.  But  thiH  R^iiehrcinism  is  nholiiihetl  by  section  of  both  vni;i,  and  each 
half  nf  the  body  then  brealhc*  independently  of  the  other. 

That  section  of  the  va^us  on  one  side  does  not  always  stop  the  Hynchronisim 
ju»t  nienlionvd,  goe»  to  show  that  the  two  centers  are  connected  by  commissural 
fibers.  The  presence  of  n  crossed  connection  between  the  respiratory  center  and 
the  nuclei  of  the  n^pirulory  muM-le)>  follow:^  iili^o  fmn)  the  ahove-uicniioucd 
facts,  that  rcHpiralion  can  prorred  nndislurbed  on  one  side  after  hemisection  of 
the  cord  on  that  side  and  section  of  the  phrenic  on  the  opposite  side 

The  respirator)'  movements  can  he  influenced  also  by  stimulation  of  parts 
of  the  hrain  nntorior  tn  ihe  meiUiHa.  Martin  and  Booker  obtained  initpiratorv 
elfects  hy  stimulating  the  surfatv  of  n  section  liotwecn  the  anterior  and  posterior 
eiirpf>ra  qiiinirijreniina :  (-'hnstinni  obtainc<l  the  name  on  $timulfltion  of  the 
ficn)r  of  the  third  ventricle,  and   e.\piralor>-  effect*  on   stimulation  of   the 

7Utce  of  the  a<]ueduct  of  Sylvius.    Finally,  the  cerebral  cortex  evidently 

rciees  control  over  the  reupiratorv  movements,  as  i.'  seen,   for  example. 

the  extremely  Cue  gradations  of  tliebe  movonieut8  which  can  be  executed 
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by  a  good  singer.  Ilospinitory  movGiin-nt?  cati  be  acceleniteil  nr  rt-tanlcd  by 
electrical  sliimilalion  of  the  motor  cortox  of  thv  Aag  and  cut.  The  rwiill, 
according  to  F.  Kmnck.  (lm'j«  imt  (lii]n'nd  upon  tlic  place  of  stitrmliis,  but  upon 
its  «tn>iigtli:  slnnig  stiiiiulun  giving  u  retardation,  weak  stimulus  an  iiwL-ter- 
ation.  TliL'  depth  of  ro,<]iirfllinii  al*n  i-t  cbnngi-il  in  nnc  dir«'Ii(>n  or  ihc  ofhtT, 
TIh'i*<.'  parts  of  tb(?  hrnin  ai:*l  only  through  tlie  inedialinti  nf  the  rospirutory 
center  in  the  mwhilta;  the  fibers  running  from  theui  to  the  center  arc  tln?re- 
fore  to  he  I'l-ganlfd  n*  affiTr-nt  ^iftthwavs.  The  warrnnt  for  thin  view  lies  in 
the  faet  nliviidv  nicnlioiiiil,  tlitil  the  rc-spiniuiry  inovt'tneiits  nintitiiic  aflur 
iiectiori  abovv  tlu?  nn^'lulla.  Mr)rfnvi;r,  it  i^  nm  to  Ik'  di-nitjd  lU»t  some  of  the 
ri'Kulu  just  dif^cu.-isttd  can  l>c  nhtaioei]  by  stimulnlinu  of  the  comlucting  path- 
Vtiya,  The  so-called  brain  centers  for  respiration  seem  therefore  to  represent 
only  psthwuy**  to  ibo  cpiit<?r  in  the  uicdullfl.  We  shall  wy  irnmediatcly  that 
Ui08e  patliti  mill  certain  parU  of  tliu  brain  arti,  under  certain  cii-cunietancoB^ 
of  great  serrice. 

tj  3.    RESPIRATORY    REFLEXES 

Like  all  the  other  more  complicated  proctiiws  of  tlie  b«Mly  the  respiratory 
moTements  are  influenced  l»y  all  possibli^  kinds  of  atTewnt  m-rve-t.  But  there 
are  two  of  tliiwi-  pathri  more  important  than  the  rest,  namely  (I)  the  vagu«, 
and  (2)  tlie  lilierii  which  connect  the  higlier  parlj*  of  the  brain  with  the 
rcapimtory  ciuilcr.    These  accordingly  we  miiat  consider  first. 


A.    REFLEXES  THROUGH   THE  VAGI 

Xottrithslanding  (he  voluminous  literature  that  has  accumulated  on  the 
influence  of  the  afferent  va^u^  filters,  our  knowledge  of  their  action  on  respira- 
tion is  still  very  meagi'r.  The  statoincniji  of  autbonj  aH  to  iho  faetw  liearing 
on  even  the  uiost  important  points  dilft<r  crjnsiderably.  and  we  can  therefor© 
prcKCiit  the  action  nf  the  vagus  nn  respiration  only  in  the  broadest  outline. 

G«n«Tally  speaking,  in  the  iuvec>tigatiou  of  the  influence  of  any  nerve  on 
the  processci*  of  the  liody  one  ohtains  the  best  resulia  bv  direct  stimulation 
of  the  nerve.  T'nfortuiuitely  Ihi^  is  not  the  casi'  with  i!ie  pulmonary  vagus, 
for  scrtiori  of  the  nerve  m  followed  by  much  more  profound  effects  than  its 
stimulation. 

A  nerve  cannot  be  cut  with  a  pair  of  sciiwnra  without  at  the  name  lime 
slimulutinK  il>  i)e«ide>t.  aTi  elfctric  current  (demttrt'ntioii  current,  ttw  ptfte  4H) 
is.  Kt  up  ill  a  cut  nerve,  and  this  may  possibly  exercise  a  stimolating  iufiuence. 
Gad  hax  Khowii,  liowevcr.  (hnt  the  pulmonary  vtitci  can  be  thrown  out  of  action 
without  stitnnlntinn  by  cooling  them  siifHeipntly.  Fi»r  thi^  purpose  tlK>  vajiti  ara 
laid  upon  silver  tubt*^  wbic-b  arc  filled  with  a  cold  mixture  (c.  g.,  a  solution  of 
ammonium  iiilrate  in  water). 

Even  under  such  circumslaiK-e^  difTewnt  aulhora  have  not  obtained  per- 
fectly harmonious  n't'ulttt.  alilioiigh  all  are  agreed  that  after  bilateral  blocking 
of  the  vagus  (1)  tin?  rewpiralory  froiueney  fails,  (2)  that  the  inspirations 
I)ecomc  deeper  and  (.1)  thut  the  i^ummil  nf  in/ipiration  sIk^ws  a  panne  of 
greater  or  less  length  (Fig.  139).    Hut  with  respect  to  eipiration  after  double 
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vagotomy,  news  are  very  divergent :  GttA  nMerts  that  it  no  longer  reaehea  it» 
former  level,  whwreas  LiinlImi^iTi  ha«  fouiKl  thnt  llie  relaxation  of  the  in- 
spiratory muscles  is  dimiui^LiLHi  lilllci  or  qodl-  al  all,  arnJ  Boruttati  remarks 
thftl  wwner  or  later  expiration  reaches  the  some  height  as  before  freexing  the 
tagi.  Accnniling  to  fiail  aiid  Lindliagcn,  the  esjiiratory  pause  is  nearly  always 
shortened,  aeitti'ding  to  Itoruttuii  it  is  Uic  Aaiiie  as  ticfore  or  ercD  a  little 
Icnj.'er.  These  statements  all  apply  to  the  rahbit.  In  the  dog,  after  freezing 
of  the  vagi,  the  expiratory  mnsclcs  fall  into  a  state  of  almost  n^ular  activity 
(Boruttau).  The  l>reaili  volume  also,  aeeording  to  Uad,  becomes  smaller  after 
freezing  the  vagi;  according  to  Lindhagen,  it  remains  on  the  whole  unchanged. 


nrrru 


FlO,  129. — TliP  rrafnraUtry  curvi-  i.f  il  rnlitiil  rcconlcil  witii  tin-  »|i]>iirii1  u*  iihuwri  in  >'i(|;.  l'J"i, 
nitn  l.ltiillMifm.  To  be  rtml  from  Ml  to  risht.  Tin-  duwusirukv  rrjirr»cniini:  iimplmt ion. 
Tlic  lover  ttariiig  b  a  tinw  nxxjrd  in  wconiU.  Al  I  lie  wrtjcul  biii;  Uie  Iwu  vagi  were 
■•MockMl"  by  fr»«iag. 

ThcKe  ilisen;])ancic!«  dcppJiil  in  part  at  least  upon  the  «|Kcies  of  animal 
used  in  the  experiment,  in  part  upon  the  depth  of  narcoois  and  upon  other 
eircumstanwa  not  yet  fully  understood.  We  shall  mon  see,  however,  that 
they  ran  l>e  explained  without  gretit  difliciilly  {vf.  pagi.-  U^'f). 

This  much,  at  all  events,  U  well  established  by  the  experiment  of  discon- 
necting the  vagi  by  rendering  (hem  nonirrilablc,  that  (he  wutrol  exercised  by 
thoee  nerves  ia  such  a*  to  induce  redpiratory  acts  of  gretiter  frtquency  and  of 
legg  depth  than  otherwise,  and  that  the  inspiratory  pause  is  thereby  prevented. 
Since  this  iuspiratory  pause  is  not  of  the  least  service  in  the  ventilation  of 
the  lungs,  and  the  contraction  of  the  muscles  of  inspiration  maintaining  it 
is  therefore  of  nn  use  whatever,  it  is  evident  that  even  when  the  hreath  volume 
before  iiud  after  discounertion  of  the  vagi  is  the  name,  respiration  afterwards 
is  carried  on  with  gpeater  etfort  than  nonually.  The  result  achieve<l  by  tl»e 
vagus  niliex,  therefore,  Ja  that  respiration  takes  place  with  Um  expenditurt 
of  energy. 

The  ini'cetigations  of  Hering  and  Breiier  have  yielded  some  very  valnahle 
reiiult!^  as  to  the  way  in  wiiich  that  n^gulation  is  accomplished.  Artificial 
inllacion  of  the  lungs  inhiliits  the  inspiratorj-  muscles  and  induces  an  act  of 
expiration;  collapse  of  the  lungs  calls  out  an  act  of  inspiration.  Self-reguJa- 
iion  of  the  respiratorj*  movements  would  thus  seem  to  be  afTordcd  by  the  vagi 
—i.e.,  when  the  lungs  have  expanded  to  a  certain  extent  inspiration  is  ro- 
flexly  intcrruptwl,  and  when  they  arc  afterwards  emptied  to  a  certain  extent, 
expiration  is  interrupted  and  an  act  of  inspiration  is  reflcxly  induced.  Both 
phases  of  the  regulation  arc  lost  when  the  vagi  are  sectioned. 
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W(.*  mii>-  oniiwiw,  iherefore,  that  the  periiiheriU  endiDgQ  of  the  nffoifnt  pul- 
nioiiflr.v  tilKT»  of  ihf  va«i  ore  fjieiletl  by  tta-  variatioiiH  iu  the  volunip  of  the 
limgR,  anil  this  ifi  coiifirniw!  hy  the  fnft  that  if  tKc  Tufrtiii  be  cut  on  tht  one  nidt- 
and  the  luiift  on  the  othtT  sick-  hv  causL-d  to  eoUapAe  hy  punc-tur4>  of  Ihe  plvuml 
cavil.v,  we  K''t  tilt  Pftiiio  n-xLiII  a»  afttr  wflimi  uf  Iwlh  vuKi  (Loowy). 

Any  more  precipe  explanation  of  those  facts  is  veiy  difficult  to  give.  !t  has 
brcn  supposed  that  there  are  two  kinds  nf  libera  in  the  roi^ie,  one  of  which 
aerves  lo  mediate  an  inspiratory  fffort,  the  other  an  expiratory  effort.  But  it 
is  aldo  potMJbEi!  lo  nuppose  that  there  is  but  a  single  kind  of  fibers  and  that  the 
effect  produced  di:-|>cnda  upon  Ibi'  uiuiuentary  couditiou  of  the  respiratory  Lt'utcr. 
Thii;».  if  the  wnler  aln^ady  r<iUHe(l  tn  iiispiralnry  action  wtT«'  affwted  by  a 
stimulus  arriving'  over  ihc  vn^s.  it  might  be  inhibited,  and  ihe  result  of  »top> 
ping  the  inspiratorj-  mrivonienls  miffht  be  to  inauRiirate  the  relfltively  paiuiive 
rooTeiiienls  of  expiration.  Then  after  ex|)iruli<>n  priK'eedtt  to  a  certain  utag*^ 
the  coilapsing  lungs  might  send  up  a  stimulus  by  the  vbrub  and  the  iimpiratory 
phase  would  be  etarted  K-eaUKc  the  respiratory  center  at  that  particular  jiislant 
wuH  in  a  cnnditir-n  to  diiM^harge  Kueh  an  impulae.  We  have  aa  u  matter  of  fact 
some  data  which  can  be  harmonized  verj-  well  with  this  conception  of  the  way 
in  which  the  respiratory  center  works  (cf.  Chapter  XXII).  But  there  i«  alill 
another  exptauiition  ixinwiijle,  nurnely,  that  Ihe  reHpiratory  center  cunHtantly  teiida 
to  diiichurge  iiiHpiratory  impulseii.  but  tbi^  tendency  is  inhibited  by  an  impulvo 
iv^ulling  from  ihe  intlticifn  of  llie  luug»;  that  after  the  lungs  have  collapsed  lo 
a  certain  extent,  the  inhibition  ii^  then  n'lnorr*!  and  th«  tendency  to  in>;piratir>ii 
once  more  asserts  itrtelf.  This  explanation  is  sitriingly  aiipported  by  the  observa- 
tion made  by  Ix-wanduMsky.  that  inflation  of  the  lungs  'i%  accompanied  by  an 
aulion  current  in  the  vagutt,  but  that  ct)]Iap8e  in  not. 

Artificial  stimulation  «f  tlie  »-nlral  cut  end  uf  the  vague  ought,  one  would 
think,  to  give  a  definite  answer  to  this  question  as  to  the  mode  of  action  of  the 
nerve.  Rut  it  does  nol.  For  in  the  many  experiments  of  this  kind  which  have 
lieen  made,  btilh  inspiratory  and  expiratory  effects  of  stimulation  have  been 
oheerved,  and  the  stalenienU  of  aitthonn  differ  so  much  that  it  is  impossible  aa 
yet  to  draw  any  definite  eonelusic-n  from  them.  Still  lew  ia  it  possible  to  decide 
from  ihcae  esiwrimcnta  whether  one  or  two  kinds  of  nerve  fibers  are  cooce 


B.    FIBERS  FROM   ANTERIOR  PARTS  OF  THE   BRAm  TO  THE   MEDULLA 

We  have  alrtady  i^cen  that  the  brain  can  i«;  Kection»tl  atwn'c  the  medulln 
without  affcclind  respiration  to  any  considerable  extent.  If.  however,  the 
vagi  he  sectioned  in  siieh  an  animal,  or  if  the  brain  be  sectioned  above  the 
medutU  in  an  animal  whose  vagi  have  already  been  cut.  noteworthy  alterations 
of  the  respiratory  movernent.'*  ensue.  R»?*piralion  is  preatly  diminished  in 
frequency,  siuce  the  innpimlory  pauses  are  now  very  much  prolonged.  In- 
spiration beeom^«  spflimodio,  expiration  hej[ins  very  suddenly  and  not  infre- 
quently  is  aided  by  contraeljon  of  the  ahdomirnl  muitclcs.  The  expiratory 
pause  i^i  of  short  duration.  Iwing  soon  interrupted  by  a  new,  long-drawn  in- 
spiration. The  hrealh  volume  is  very  much  diraioished  and  the  nniraal  diea 
for  want  of  ftutlieieni  ri'spiratory  exchange  in  tlte  lungs  ( M'"^''**«''0-  These 
phenomena  may  appear  in  varying  degree,  and  it  is  even  stated  that  tba 
itispiratory  spasms  may  he  at  timet  entirely  wanting  after  this  opcratioiL 

The  rcnpiratory  center  isolated  from  the  higlier  parts  of  the  brain  may  there- 
fore maintain  respiration  in  an  essentially  normal  fashion  even  after  section 
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of  both  TBKit  «ltlioxi)ih  it  18  TCiy  often  unable  to  do  so.  At  any  ratt, 
from  these  fut-ts  that  tht>  palhs  t-oiniiiK  fn«n  tliti  l)rniii  «re.  under  certain  cir- 
ciimatflncca,  of  very  (frent  importniipc  for  respiration,  and.  what  ib  more,  that 
they  art  in  thp  sanio  way  as  tht-  vaci  riLTVcrf — i.  c  to  iiiliibil  iiisiiiraticin.  Exphi- 
DAlinn  of  thf^  phrnomf-nft  is  rpmifvpii  nuirc  difficuU  hccnuw  we  riiniiot  tell  yot 
to  what  extent  they  ciciwnd  upon  tht;  stimulus  ^ivwi  at  the  (iiiw  tho  tfocticin  19 
made,  and  to  whiit  cxtftil  upuu  the  luero  dis^ouiieclion  of  the  pathwaj-K. 

Ill  view  of  ilie  ftrofoiinii  infliienre  of  thi-m;  bruin  pathways  cvL-r  the  inovc- 
tnc^nts  of  rofipiration.  it  h  nut  difficult  to  undcratnmi  why  Iht'  wverancp  nf  tha 
v»Ki  18  not  ttlwayft  nrcvimpanii'd  by  tho  same  reaults:  for  the  effect  must  depend 
largely  upon  the  wlatt-  of  fxcilHbility  of  these  hrnin  paths  nt  the  tim*^.  For 
cxamt^'Li^.  it  is  possible  that  the  shortening  of  expiration  and  thf  Ionic  contrac- 
tion of  the  iufipirutory  mufelcs  menliciied  by  Gad  (but  not  observed  by  othpre), 
w«8  due  to  H  siniTiKCT"  nnrrosii',  on  account  of  which  llic  in(lueut.v  of  the  pathways 
in  the  brain  was  somewhat  weaker  than  in  the  investipations  of  the  other  authors. 


C.    OTHER  RESPIRATORY  REFLEXES 

T*hc  respiratory  movements  are  influene«d  in  ont;  wnv  or  anolher  by  other 
afferent  nenu-*.  Ainonjj  these  the  m^rvis  of  tlie  respiratory  pasitafro't  are  of 
the  preatet^t  iutfinwt.  hetraufie  through  them  oortain  retlexes  arc  disclmrgod 
which  are  of  jri-eat  senice  tiw  u  meuni*  of  protection  to  (he  lHn{.r«. 

The  nasal  onetiliigs  and  the  mucous  memliraiic  nf  tin.'  nnwal  paasagos  re- 
ceive their  sensory  fitwrs  fmm  Ihe  Iriffemifial  ni'.rve.  Stimulalion  of  Ihis 
nerve  retard*  respiration.  When  the  mucous  membrane  of  the  nose  is  stimu- 
lated al  the  eslernal  (vpcnings  or  on  the  anterior  or  j)o:iterior  end  of  the  middle 
land  lower  turbinated  boaee.  nr  on  the  corresponding  partw  of  the  septum, 
iTctardation  or  expiratory  standstill,  or  even  sneezing,  resnlts.  aeenrding  to  the 
strcDgth  and  Ilic  kind  of  fitiniulus  employed,  '^imvv.inf^  may  also  he  ahortivc 
■ — i.  p.,  only  the  first  pha**  of  it,  the  deep  inspiration,  may  occur.  Expiratory 
fltantUlill  may  alw>  be  indueiid  by  stimulation  nf  Ihe  skin  of  the  face  under 
certain  circum*tant-e«.  as  when  an  aniraal's  bead  is  submerged  in.  water 
(Kratuchmer). 

Inasmuch  as  lhc8e  reflexes  prevent  the  cntranee  of  foreign  hndieti  or  of 
noxioun  vapors  into  the  wider  respirator)-  passage.",  tho  afferent  nerve.<  of  the 
larynx,  particularly  the  ^l!|H■[■ill^  laryngeal,  kctvc  io  protect  the  deeper  respir- 
atory passages  from  foreign  licKliwi.  With  feeble  stimulation  of  the  superior 
]erynp.?Hl  slowing  of  respiration  and  prolongation  of  the  expiratory  pause  arc 
obtained; on  this  account  the  individual  re.^piratmns  heeomp  d«?pfT  and  longer. 
With  stronger  -ilimuUiIion  one  may  nl.tain  e.\[iirali>ry  staud.slill  or  active  ex- 
piratory movements.  Inspiratory  spasms  can  he  stopped  by  stitnuUtion  of  the 
sup.erior  laryngeal. 

The  coughing  reflex  is  discharged  principally  hy  thf  .same  nerve.  The 
statements  of  authors  d<i  not  agree  entirely  at,  to  the  phice^  in  the  larynx 
and  trachea  from  which  ibe  reflex  is  produced. 

W*  have  the  foliowinn  statements  oouceriiinit  ihe  effect  of  other  afferent 
tierves.  Blimulatioo  of  the  ulfaclorj-  hy  an  actual  odor  either  slows  or  quickens 
respiratiou  or  (lives  an  expiratory  pause.  Stimulation  of  the  optit-  by  electricity 
or  by  light  ha.^  an  acceleroting  effect  on  inspiration.     The  auditory  nerve  has 
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the  iaxof  effect.  After  dcitruction  of  th<^  HcmifMnuilitr  cunalti  rospirntiim  bceumcs 
tilower  fliicl  dci-pi^r.  AcvortlitiK  tu  Murckvvald.  thf  frlos.'Sopharyii^C'al  produc<^ 
rvspinitory  »taii<ls)ili  in  wliiclR-wr  iilinsi.-  tiw  «'»|iirat<>r,v  cpiitpr  happens  to  be 
uvLTldki-ii  by  lilt  »tt)llluIll^,  but  acponlinK  to  olliers  ii  Iwhuvcc  just  liki.'  the  olhvr 
ciitaiMH>us  nervpa.  Tlio  Inst  niimcil  hiivc  an  inspiratory  effoct  witli  wonk  stimu- 
Inlion,  and  an  pxpiratnry  effect  with  ctrdiiK  xtiiiiulntinii.  The  phn^iiic  nUo  am- 
luitiu  afferent  61rts  whk-h  appear  to  act  like  the  culaneouH  ner\-»?s.  and  otlitT 
nffereiil  muscular  npn-es  iM'havr  iin  the  whoEc  likf  tla'st.  VVilh  rtgard  to  ibe 
8ympnth<.'tic  nen'i-s  it  is  BditpJ  that  the  eplanRhiiic  ohusph  only  an  expiratory 
ciiiitrnclinn  and  llint  the  pcrviral  sympnlhrlic  influcnce<t  hi>lh  phases  of  rpspira- 
tion.  I'inally,  by  slimulalion  nf  lb*-  hetirt  and  of  t\io  aorta,  n'llrx  re^pimtory 
luuvfiucutK  nud  coulructions  iu  the  air  paasagcv  have  been  obtained. 
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Seeing  then  thnt  the  tospiraton-  ecmcr  is  rcflesly  influenced  by  the  most 
widely  dilTereiit  aiTt^n-nt  nerves,  it  would  be  natural  to  suppOM!  that  it  "is 
rou-«xl  To  nctitm  only  in  ihv  reflex  inatiner.  liiit  this  ennchiiMion  is  not 
warnintwl.  We  htivi'  nlremly  hhti  imliitl  llmt  (tie  respiriiliiry  (■enter  i6i>Iflte(! 
from  the  braiu  pulliways  iin  a  vugntotnizttl  unimul  is  slill  very  jwwerfully 
active.  This  might  be  due  portly  to  the  fiiimulatiiig  effect  of  the  section  and 
partly  to  the  a^ervnt  iinpult*c«  still  reaching  the  center.  But  respiratory 
movements  continue  wln>ii  the  cerebrum  is  extirpated,  the  vajii  cut  and  the 
spinal  cord  aeetioniil  UvU)w  llie  exit  of  the  r»ypirator>'  nerves  (HnrH'iillinl). 
It  can  licarcely  be  ansumi'd  that  the  resjiirHtory  njovemente  are  calleil  out  by 
the  few  alTerent  impulceM  remaining  after  all  the!»e  operations.  Be»idw  there 
are  still  other  facts  which  teiui  to  prove  that  llu'  excitation  of  the  respiratory 
center  is  attributable  mainly  to  the  pruprrliej  of  Ike  blood. 

The  f<rtu8  in  the  uteruti  does  not  brt>Btlie:  rcspiratiuu  bi-ifins  only  after 
birlh.  Whul  i«  tbe  enuBi-  ctf  the  vi-rj*  lirsl  act  of  rmpiralion!  Tlie  bluoil  of  tlw 
f<rtua  IH  arterinlized.  ao  Ioiik  a»  the  plflct'nTuI  cireulntion  is  maintainetl.  at  t]ie 
expense  of  the  mother'^  blood.  The  U^mpernture  of  t}u-  amniotio  fluid  in  which 
the  fffitUH  i*  AubiiUTKt^  i*  exut^lly  the  same  aa  that  of  the  fa>tu«  itaelf,  i*o  that 
it  is  not  Hubjected  to  any  teniperatUTC  stimuli  nor  to  any  other  cutaneous 
stimuli.  Al  birlh  ilie  eircuinutanccD  of  life  ehaiige  suddenly:  the  jilaccnial  cir- 
eulntion wases  and  the  skin  is  subjected  to  different  wnaory  .ttiniuli.  The  cause 
of  the  fin^t  act  of  respiration  i«  to  be  soujcbt  therefore  either  in  the  cessation  of 
the  placental  circulation  or  in  the  sensory  stiTnulation  of  ibc  iikin. 

Both  i1r-!m.'  powibilitiei*  have  tbeir  advi-eatcs.  Hut  from  thv  prewnt  infor- 
mation it  would  seem  that  the  disconlinuaiice  of  the  placental  circulation  is 
the  real  dctermininjit  factor.  It  is  true  that  one  can  produce  various  motor 
reflexes,  and  respimtory  movements  amonfr  ihem,  by  means  of  cutancnua  stimuli 
applied  while  the  ptacentiil  circulation  ia  atill  continuous.  But  such  re^^ponaes 
arc  both  infrequent  and  temporary  in  i-baracter.  Besides,  cutaneous  stimulation 
may  be  kepi  up  for  a  long  time  without  ever  u  sikh  of  a  reitpirntory  moventenL 
Contrast  with  this  the  result  of  destroyinc  the  placental  circulation.  However 
the  cipcrimont  be  performed,  whether  by  clampinc  or  bleeding  the  umbilical 
CTonl,  or,  ihe  iit^*ru«  heinjt  iindistiiHied,  by  poisoning  the  mother  with  carbon 
dioxide  or.  Anally,  by  bleeding  the  mother,  re«piratory  movements  of  the  fietua 
are  always  obtained. 
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If  then  the  first  iicl  of  respiration  be  induced  l>y  some  property  of  the 
blood,  it  follows  with  a  high  degree  of  probnhility  thnl  the  renpiratory  center 
ts  rnuMti  to  activity  in  thti  mine  way  throughout  life.  Thiw  is  L-onliniied  also 
b_v  a  large  uumhtr  of  L'A|K'riiiiental  facts.  Thus  it  lias  hot^n  shown  that  cverv- 
thinjr  that  tends  1o  heighten  the  cotnbuBtion  in  thi'  Iwnlv  itr  to  rentier  more 
dillicult  the  elimination  of  the  gaa?ons  pnidiifts  af  ilccoinposition  or  the 
absorption  of  oxygen,  produces  au  augnieute^l  respiration.  This  condition  of 
things  is  described  as  dyspncea,  if  it  involves  the  cooperation  of  the  accessory 
inusfles  t)f  respiration. 

One  might  conceive  that  the  produet*  of  combustion  present  in  the  blood 
in  increasetl  quantity  atiniulalc  the  end  arborizaliniii*  of  the  afferent  nen-es, 
and  that  the  augmented  respiration  now  umler  comti deration  i«  therefore 
ret)ex  in  natiiw.  Even  if  this  were  true,  cxiM^riment  hiw  shown  in  the  elearest 
pos&ibie  manner  that,  in  muKcnlnr  wiitk,  for  example,  the  ineicaiMMi  respiration 
is  not  due  to  this  cause  alone:  for  it  appears  when  the  hinder  parts  of  the 
body,  cut  off  from  every  possible  nervous  communication  witli  the  fore  partii, 
are  stimulated  to  aetive  contract  ion  t*,  hut  is  enlircly  wanting?  if  the  return 
flow  of  blood  from  the  hinder  parts  is  prevented.  The  blooil  returning  from 
the  posterior  active  parts  has  therefore  a  direct  stimulating  effect  upon  the 
respiratory  center  (Zuntx  and  Geppert). 

Finally  it  has  been  .-(linwn  that  the  respiratory  movements  react  very  deli- 
cately to  any  t'lmuge  iu  the  earbun-dioxide  content  of  the  blood,  «inee.  the 
respiratory  frequency  remaining  almost  unclmnged,  the  breath  volume  of 
the  individual  respirations  increases  with  an  increasing  quantity  of  CO,  in 
the  inspired  air  (Miescher).  On  the  other  hand,  considerable  changes  in  the 
oxygen  content  of  the  surrountling  air  (13.5  to  GO  volumes  per  cent)  influenee 
Clic  rtwpiratirjii  relatively  little. 

We  conclude,  therefore,  that  the  rejtpiratory  center  is  excited  by  the  direct 
effect  of  the  blood  or  the  lymph,  but  that  its  action  is  regulated  by  all  kinds 
of  afferent  nerves,  especially  by  the  vagi  and  the  brain  pathways. 

The  condition  of  apnaa,  or  respiratory  standstill,  which  is  induced  by  ex- 
cessive tnt!atinn  of  the  hinfra,  or  in  man  by  one  or  morp  very  deep  inhfilAtions, 
has  often  bwu  ri;}{arded  b»  a  very  important  fact  in  support  of  the  cuiiceptiou 
here  presented.  Apua>a  miKht  have  Us  justification  in  the  unusual  opportunity 
which  the  blnnd  haa,  in  cimsequenop  of  unupually  ample  ventilation,  of  bocom- 
inir  saturntcd  with  oxyg^cn  and  of  freeing  ilself  of  carbon  dioxide,  sn  that  the 
next  respiration  wnuld  be  less  neoessAry.  Hut  the  matter  is  not  so  simple.  It 
has  be^ii  mxdt}  clear,  for  example,  that  in  the  rubbit  apiiu<a  is  much  more  diffi- 
cult to  obtain  if  the  vagi  are  cut.  These  nerves  must  have  something  to  do, 
therefore,  with  bringinic  about  this  oonditiuu.  M'^reuvcr,  apnoea  appears  as  the 
result  of  inHution  with  hydrogen  and  can  be  induced  by  forcing  ihe  same  air 
into  the  lungs  over  and  over  (Gad).  Finally,  it  ecnscs  only  aft«r  the  other 
oirgans  have  shown  signs  of  asphyxiation.  We  may  aay,  therefore,  that  apuffia 
depend.t  at  least  iii  part  upon  au  inhibitory  action  of  the  vagus  upon  the  respira- 
tory ceuter.  But  the  cimdilion  of  the  blood  is  not  without  ils  impertancc  also, 
as  the  following  experiment  shows.  Two  dogs  were  operated  upon  in  such  a 
vray  that  the  carotid  blood  of  the  first  was  led  into  tbp  head  of  the  second.  A 
condition  of  apno>a  was  then  iinluced  in  the  second  dt-g  by  artifieinl  reapiration. 
applied   to  the  Hrst  (I'rvdericq),     We  might  distinguish  this  form  of  apacea 
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which  in  evoked  mniiilj-  b.y  s  dimiiiixhud  quantity  of  CO,  in  the  blood  ss  true 
Bpu<Ea,  and  that  mediated  by  the  vmtfas  as  faUie  apna-a  (Mienchcr). 

In  a»phyxiation  and  severe  hemorrkage  we  meet  with  inhibitury  t'ffcria  upon 
Ihe  reKpiniInr>*  mpchanism  which  arc  of  central  orifrin.  Both  conditions  a^rec 
in  that  the  itupply  of  ojcygcn  to  the  orKaiii^  of  the  eentral  nerrous  systPtn  and 
the  CO,  nfuioviii  from  thi'm  aro  diminished.  Tlie  cimBi'qucuct'  is,  tiret  a  well- 
marked  d,vspti(ra,  upon  whieh  follows,  after  a  time,  a  period  of  opnu-a  of  ifreator 
or  lc3a  duration.  This  in  its  turn  is  internipted  by  a  scrits  of  new  respiratory 
movemrnttt  (^nApittfC^).  Cloner  mtul^'^iti  of  the  npiuen  int'ii  here  hIiowa  that  it 
probably  owes  its  origin  to  the  action  of  some  inhibitory  niecbaniam  upon  the 
respiratory  center  (Lnudergrcn). 

In  curtain  diiieaaefl.  in  chloral  narrnciiit  ntid  certnin  other  formtt  uf  poi&ua* 
ing,  and  with  pressure  upon  the  medulla,  etc.,  n  special  form  of  respiration  U 
obacrTod,  known  nfler  two  EnRliBh  physieiaiis  as  the  Chfyne-Slokes  refpiralton. 
It  consist!*  of  a  reg^ular  riw  and  full  in  the  depth  uf  the  respiratory  act*.  No 
positive  explanation  of  the  phenomena  has  yet  been  giren. 

We  have  spoken  *o  far  of  the  rosptrfttory  center  as  a  whole.  Closer  in- 
veetigution.  however,  reveals  that  here,  just  n^  in  the  mochaniBm  of  de<;luti- 
lion,  we  have  to  do  with  several  functional  centers  bound  together,  the  anatom- 
ical relations  of  which  are  at  present  unknown  lo  iii«,  but  the  individual itj 
of  which  can  he  demonstrated  by  physiological  eipenment.-;  (Mostto). 

It  is  a  faot  hy  thijj  time  familiar  to  us  that  expansion  of  the  thorax  can 
be  oecomplij^hetl  either  hy  tht*  Hiaphrapni  or  hy  tin*  rih-ltfting  ninwhw.  But 
experiment  ha«  bhoun  that  in  llie  ttame  individual  these  two  groups  of  muscles 
do  not  ulwHvs  contribute  toward  the  expansion  of  the  thorax  in  the  eame  ratio. 
This  apiwarti  motd  plainly  in  f]eep,  when  respiration  iu  man  is  esscntlaUy 
of  a  coitlal  type,  whereas  the  diaphragm  exhibits,  a  certain  pkreft^,  in  some 
persons  behaving  like  an  inert  nicmbrntic.  In  deep  dii^trcM  just  the  opposite 
occurs:  the  diaphragm  moves  aflcr  the  rib  movementi^  have  ceased.  Thofle 
and  other  observations  to  Ihe  same  effect  bear  witness  that  (he  centers  (or 
the  rib-lifting  muselea  and  for  the  diaphrapm  are  to  a  certain  extent  inde- 
pendent. Again,  tlie  centers  which  preside  o\'cr  the  expiratory  musclea  are 
independent;  and  finally,  it  has  lnw^n  .shown  that  the  respiratory  movementa 
of  the  mouth  and  iwmi,  as  a  rule^  licgiu  iH^fnre  iliruw  of  the  thorax,  which  ta 
evidence  of  the  relative  independence  of  the  centers  for  thoae  parl^. 
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As  long  ago  as  the  middle  of  the  ceveutcenth  century.  Robert  Boyle 
pumped  a  gatt  from  the  blood,  and  Mnynw  {H>74)  claimi-d  that  thin  gaa 
contained  a  substance  called  by  him  spiriltut  nitroareuii  (oxygen).  Likewise 
Priestley  demonstrated  the  pi«M&ce  of  oxygen  in  the  blocKl,  and  H.  Davy 
found  carbon  dioxide  in  it.  Thene  statements,  however,  were  disputed  by 
others  and  only  after  XlagnuH  (1838)  had  demonstrated  beyond  a  doubt  the 
presence  of  oxygen,  carbon  dioxide  aud  nitrogen  in  the  blood,  were  the  facta 
generally  accepted. 
SI 
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A  ver^'  ijiiportant  advance  in  our  knflwlwlge  of  the  blond  gtist^  was 
by  the  introduotion  of  the  Torricelli  vai-iinm  tor  \.\w  ])iir]K>sr'  nf  cxtr 


made 
])iir]K>sr'  nf  cxtrdftmg 
tlitiTi.  This  method  was  firj^t  used  by 
Liidwig  {lft.>i»),  after  Collard.  de  Mar- 
ti>r'iy.  lUid  lloppf-Seylfir  Iiad  tritKl  it 
for  dIIut  |iiii|Mi!;e«.  Mint-o  that  time  it 
ha»  bwn  iiiiprovi?d  in  many  ways  by 
many  difft'reut  uulhors  (Fig.  130), 
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ABSORPTION   OF 
LIQUIDS 


GASES   IN 


Whrn  a  liquid  stands  in  contoipt  with 
a  wpiu-o  fiHed  with  gas,  the  gas  passes 
from  the  space  into  the  liquid  until  the 
lalti-r  lias  lakcn  up  ns  much  gas  aw  tho 
uuiutitions  will  pLTinit.  Wu*  iiiusl  dislia- 
guiwh  clearly  hctwccn  two  of  these  eon- 
ditions. 

A.  Tlie  liqiiid  exerriaes  no  ehemieat 
aitrartion  upon  the  gaa.  Tn  thin  caftc  the 
n mount  of  gas  absorlxid  dejionds  upi>n 
three  factors:  (1)  the  nature  of  rh«  liquid 
ami  llif  lO^a,  (2)  the  temperature,  and  (3) 
the  jin^sKurt!  lo  which  the  Ras  is  «ubj(jcttd. 
Wp  may  furmuiatc  the  fuels  in  the  follow- 
ing- law:  The  volume  nf  a  pas  oh»orbod 
under  ditfereiit  [in-Mure*  by  a  Kiveu  Hciuid, 
when  reduced  to  the  name  pressure  and 
temperature,  is  pro  port  iutiul  ty  the  pPC9- 
surt*   (Law  of  lieiiry). 

The  cofffirifni  of  ahsorpiuin  is  the  vol- 
ume of  the  pas  (reduced  to  O"  and  TOO 
mm.  TTk-)  whieli  i;«  nbi=iijrbeil  li,y  a  unit 
vdlunie  of  the  liquid  under  a  premiure  of 
700  mm. 

Whfii  9<>verul  gnnvn  witliiti  ihc  same 
i^pano  arc  bmufrht  in  contart  with  n  lir^uid, 
the  nbsorptioQ  of  eaeh  \*  quite  indeiiend- 
eiit  of  the  olheni,  and  deiietidn  utily  u|K>n 
lliat  pn-sBure  whieh  the  gas  il»fl£  exert* 
(I-nw  of  Dalton). 

Thia  partial  pressure  of  each  Ran  can 
hn  ealeulalfd.  if  ihr  total  preaaure  cxprtpd 
hy  the  niixtufL'  and  the  eomjiosi t ion  of  the 
mixture  are  known.  It  is  always  that 
pereentiw;  of  the  total  prensure.  repie- 
tiented  hy  its  volume  prnvntufre  of  the 
mixture.  For  example:  Water  is  in  rontnot  with  nir  under  a  preiisure  of 
760  mm.  Hg.    Air  consists  of  Si  voht.  per  cent  of  oxj-gcn,  and  7'J  vols.  i»«rr  i^eut 


Fio.  130. — Schrnin  of  l.udwiic's  pump  for 
vxtracllun  of  tlir  blcxKt  icud(«.  Ttici 
pump  rnrmiiitfl  of  l  wii  hutlH  f^  nriil  D  ron- 
aeclfd  by  nibhi^  tulnnn  wjih  thi-nii-r- 
clir5'  biillM  A  Hill]  /'.  Wlii'ti  tlir-  k1'1|)- 
eoelcM  a.  b,  t.  d  ltc  oprntxl  unit  Ihr  hiilb 
R  18  rftiwml,  tliv  bulbs  C  ami  /)  nr>-  lillcd 
irilh  mcmiry.  Then  if  Ihr  ulnprook  r. 
!■  clim»l  luul  tilt-  t>ulb  B  Iuw4.*r<.il  uiilil 
iJle  itifFcrnirr  in  li"Vrl  hi-f  wfrn  /(  ami  t' 
ta  ifn»tvr  tlitiii  ViKruuii.-tric  preoaurc.  » 
Torrirrlli  vu-mim  ina*n-Mtril  in  C  Wlitit 
C  ie  emply  of  meri-ury  a  i»  cIwtwL  Tlit^n 
■fftvnnc-l  rniilaigiinj;  Itlmx],  wliicli  \tiui 
nut  t>eca  espuovd  t<)  ilic  wir,  but  hut  bnoA 
dmtim  clin>ctly  (roiii  nii  urlir.v  or  vtriu, 
IB  cotinecled  wilti  b,  tho  oontninefl  bmm 
will  bubbi*!?  ufT  iiitu  C.  Ily  imtlnble 
nuuiiputntioiui,  «-hirh  may  hr  rpftdily 
undimtiKxl  From  llir  R^^trr,  tlip  ffn*"* 
nrc  trnnnfcrrrd  to  li  luiil  finally  tt<  Thi> 
Krailiialnt  burvtto  H,  vrbero  th«y  am 
mcaaured. 
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of  nitTOfrrn.  The  pflrtini  pressure-  of  the  oxygen  themefore  is  .21  X7tJ0=  IM.H 
mm.  Hg.,  and  that  of  nitroRen  in  .79  X '''"O  =  C0t).4  mm.  Hjc.  Thv  abeorptiuti 
of  oxyften  into  wiit.-r  Uktw  plaw  then  under  a  praseuro  of  159.«  and  that  of 
nitrDSun  under  a.  pressure  i>f  tiUO.4  mm.  llfc. 

B,  When  iht  liquid  exercises  a  ckemiral  adrarlion  fur  the  gni,  it  ifl  not 
only  alisfirbffll  ph.vsirjilly,  hut  is  combim-d  Llicinu-iilly.  Wu  have,  hnwever,  to 
distinguish  two  ciiirw,  accnrdinff  ns  the  ehemical  ci.-mb'inat ion  dot-s  or  docs  not 
depend  upon  ihe  partinl  pressuru  uf  tliu  bus.  If  it  dta-a  not,  the  whole  tjuaiititj 
of  (iiui  will  be  abBurWd  whatever  the  preswure.  If  it  does,  that  ifl,  if  the  enm- 
biiiation  between  the  titjuid  oiid  the  gRu  is  a  function  of  the  gas  prcit8ure.  the 
combination  will  BraduRlI,v  becnnie  lew*  and  less  as  the  purlinl  preswiire  dimin- 
ifthe;),  and  willi  «  pnrtjjil  p]T-:*mire  of  zeru  will  ceawe  entirely  on  niTfunit  of  dio- 
flOH^iatiuii.  In  ihc'  iHtler  ea«e,  therefore,  just  qh  when  the  abwri'tio"  i*  purely 
phyBicat,  the  iiuantity  of  gas  eiiterinK  «  liituid  is  a  funetion  u(  the  prouure, 
but  with  the  ini^iortanl  differenee  that  then'  is  here  no  dintU  pn)purtiort  belweeu 
the  volume  abKorhetl  aiul  the  presKure. 

When  a  liquid  hajt  stnod  fur  a  long  time  in  contact  with  a  certain  toIuidc 
of  mixed  gaaes.  until  it  hai*  hcecunc  anluratitl  with  the  ilifTvrent  (tnaes  in  the 
mixture,  the  tension  of  eueh  (lus  in  the  liquid  is  e^iual  to  its  partial  prvMurv  ia 
the  surrounding  npaec.  If  the  partial  prei«»ure  of  any  one  sifi»  becomes  less,  the 
li(iu)d  ^ives  off  jusi  enough  of  this  gna  to  catabltsh  equilibrium  once  more,  and 
vice  veraa. 

In  order  to  determine  the  tension  of  grflse«  in  a  liquid,  the  liquid  \n  placed 
under  a  definite  pr«wijr(^  in  contact  with  a  mixture  of  Rases  prfviiiuHl.y  analyzed, 
and,  after  a  certain  lime,  the  mixture  is  aKain  annlyzed.  The  leii:<ioii  ^f  any 
gas  in  the  liquid  i»  equal  to  tin.'  partial  pressure  of  this  pas  in  the  surrounding 
apnee,  if  at  the  etui  of  the  exiieriirteiit  its  partial  ])re»sure  i»  Ihe  BnniL'  as  it  was 
before.  In  onler  to  Imttten  the  cqiialixntion  of  tenaiona,  the  liquid  eon  bo  shaken 
up  with  Ihu  luixlurc  of  {;a»e»,  or  may  b«  allowed  to  flow  tliruugh  them  in  a 
6n«  Dtream. 

g2.    THE    BLOOD   GASES 

A.   niTKOOEn  AND  ARGOlf 

Theso  jmscs  nrt-  only  alwortMn]  |ihyt^icalty  in  the  hlood.  The  copfUcient  of 
abgnrption  for  nitronen  at  the  1oinj»crature  of  the  body  ia  alcnit  0.013-0,08 
and  the  content  of  nilrogeti  and  nrgon  together  is  in  Ihe  neighborhood  of 
2  vols,  per  cent;  according  to  Kcgnard  oxul  Schloei^ng  the  blood  coQlaiiu  some 
0.U4  vols.  p«r  cent  of  argon. 

When  the  air  preasure  is  very  much  increased,  as  in  diving  and  in  cai»»on 
work,  llic  quantity  of  nitrogen  taken  up  by  the  blood  must  be  confidorable.  If 
ihr  pre-wnre  is  removed  rapidly,  the  nitro^ren  (the  other  gaiies  of  the  blood  in 
part  aUn'i  i>n:is.s  suddenly  over  into  the  form  of  a  |tas  and  air  emboli  are  formed 
in  the  vtiwniiir  s,vi^t<*jn,  which  may  eauae  more  or  le«8  »crioua  disorders  or  even 
death  (IlopiK-Seyler.  Bert).  The  ga*  collected  from  the  heart  in  such  Otaea 
consisls  of  about  eighty  per  cent  nitrogen. 


I 


1 


B.    OXYGEW 

After  I/iihar  Mt'ver  had  demon>'iraied   lliat   *hp  osyjien  content  of  the 
Wood  presents  but  slight  variationa  wilh  diiferenl  partial  pressureo,  whence 
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it  is  known  to  be  chemically  combined,  Hoppe-Seyier  showed  that  oxygen  is 
found  exclusively  in  the  red  blood  corpuscles  combined  with  the  hiemoglobin. 
Many  investigations,  some  of  them  with  hsemogiobin  solutions,  some  with 
blood,  were  then  made  looking  to  a  closer  determination  of  the  dependence 
of  oxygen  absorption  upon  its  partial  pressure.  It  was  not  to  be  expected 
a  priori  that  the  haemoglobin  solutions  would  conduct  themselves  in  exactly 
the  same  way  as  the  blood,  for  hssmoglobin  does  not  occur  in  the  blood  cor- 
puscles as  such,  but  in  combination  probably  with  lecithin.  It  appears  from 
these  experiments  that  equal  quantities  of  blood  and  haemoglobin  combine 
the  same  maximum  quaintities  of  oxygen,  but  at  lower  partial  pressures  the 
two  behave  very  differently. 

It  is  impossible  to  discuss  here  the  facts  bearing  on  the  absorption  of  oxygen 
by  haemoglobin  solutions  of  different  concentrations  and  the  theoretical  conclu- 
sions appertaining  thereto.  I  shall  limit  myself  therefore  to  the  summarized 
results  obtained  by  Bohr  with  dog's  blood,  by  Krogfa  with  horse's  blood  (Fig, 
131),  and  by  Loewy  with  human  blood,  all  at  a  temperature  of  38°. 


Oxygen  Absorption  in  Percentage  of  Saturaticm 


PftrtUl  Pr«Mui«  of 

Dog>  Blood 
Wohr). 

Borae**  Blood 

Human  Blood 
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Oxygen  in  small  quantities  is  present  also  in  the  plasma.  If  all  the  oxygen 
were  to  be  removed  from  the  plasma  at  once,  dissociation  of  the  oxyheemoglobin 
would  of  course  take  place  immediately,  and  continue  until  equilibrium  was 
once  more  established  between  the  oxygen  tension  in  the  plasma  and  in  the  blood 
corpuscles.  The  coefficient  of  absorption  of  oxygen  in  the  blood  at  body  tem- 
perature is  approximately  0.025. 

Since  the  partial  pressure  of  oxygen  in  the  atmospheric  air  may  be  esti- 
mated at  about  160  mm.  Hg.,  and  in  the  alveoli,  as  we  shall  see  later,  at 
120-130  mm.  Hg.,  it  follows  that  under  normal  circumstances  the  blood  can 
be  saturated  with  oxygen  up  to  ninety-eight  per  cent  at  least  {Fig.  131).  At 
a  partial  pressure  of  50  mm.  Hg.  the  absorption  of  oxygen  in  man  falls  to 
nineteen  per  cent  of  saturation,  and  in  the  dog  to  seven  per  cent.  On  the 
other  hand,  the  absorption  is  not  noticeably  greater  in  an  atmosphere  of 
pure  oxygen. 

These  conclusions  are  confirmed  by  observations  on  respiration  under  dif- 
ferent oxygen  pressvres.  So  far  as  absorption  of  oxygen  is  concerned,  respira- 
tion runs  a  perfectly  even  course  when  the  partial  pressure  of  oxygen  is 
raised  from  twenty-one  to  sixty,  seventy-five,  and  ninety  per  cent.  "There  is 
an  increase  in  the  absorption  only  during  the  firist  three  minutes  of  respira- 
tion in  air  ricli  in  oxygen,  and  this  is  due  to  the  physical  elTcct  of  a  higher 
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partial  presKure  in  the  alveoli.     A  storage  of  oxygen  in  the  tiaanoa  does  u 
Jake  piafc  under  swch  circumstances  (Fnlloise,  Diiri^).  | 

Neillier  din-s  tlie  aljsorjition  of  oxyp'n  wulTer  any  change  in  eonsequenei 
of  a  fall  in  the  partial  pressure  to  8G  mm.  or  iowur.  Only  when  the  almoa 
pheric  prossure  sinks  to  :iSU  mm.  (partial  pressure  of  oxygen.  80  mm.)  doei 
a  dGclirie  in  the  ojiygen  couttint  of  the  lilomi  l)ecomo  evident;  at  a  partiai 
pressure  of  55  mm,  the  decline  is  marked  (Loewy).  '3 

The  absorption  of  oxj-|cea  bccomm  less  as  the  carbon-dioxide  tervBion  in  the 
blood  incrcQws,  Al  an  oxyRPn  tension  of  50  mm.  Ilg.  ond  a  carbon-dioxid* 
lensiun  of  !i  mm.,  the  abforj^tion  of  oxygen  was  ninety-thrw?  per  (htU;  with  th( 


Flo.  131. — Tlwi  (ibM>ri>t4<]«i  at  oxyiten  by  ho«««'ii  blood,  »fU'f  KtoRti.      iltr  ntjwiwip  rpprmwH  lli 
liartuU  prRMuna  of  oxygea  autl  the  oitliiutlcB  fieimiUigtv  ot  snlurBliuo.  m 

Mine  oxyKt'ti  t«iit)ioti  attd  a  (.-a rboii -dioxide  tviiifion  of  40  mm.  it  watt  seventy 
cijriit  per  eent.  As  the  blond  flows  ibrouKh  tlie  caitillaries  the  ozyicen  isi  irradu 
ally  used  up  and  at  thi<  itanif-  time  the  carbon -dioxide  tension  increases;  ihe  lal 
ler  ha.i  the  effect  nf  norifcrrinR  a  greater  tension  on  the  nxyven  present,  as  i 
consequence  of  which  a  larijter  quantity  of  oxygen  can  be  placed  at  the  dispoaa 
of  the  tissues.  The  iiiHuifnci-  of  thia  factor  ia  especially  great  in  aspfayxiatim 
(Bohr,  Ilaitseibaeb  and  KroKh). 


C.    CARBOK  DIOXTOE 

"Where  rarbon  dioxide  occurs  in  the  blood  and  how  it  i«  combined  ar 
much  more  {implicated  i|uo>itiona  than  in  the  case  of  oxygen,  and  notwith 
standing  many  investigations  directed  to  this  end,  the  matter  h  not  to  b> 
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considered  as?  hy  any  means  settled.  Tlie  rlifflcultir  lies  just  here,  that  whereas 
oxygen  is  evidently  |)re!*enl  only  in  liseinogiobin,  carbon  dioxide  is  united  with 
several  different  mihxtnnrrn. 

Th«  ri'scarcliw  nf  I'aul  Bort,  ^uulz,  Setchwiow,  and  oi\w.Ts  have  made  it 
pi'rfiTlly  evident  thai  i-arUon  dinxidf  is  present  for  tin?  most  part  in  ditsociahlB 
cumpuunils,  llie  exit-tenee  of  which  dqw-^nds  uikiii  tlit*  prevailing  partial  prcs- 
%uiQ  of  CO,.  In  accordance  with  what  was  said  regarding  the  combination 
of  oxygen  wilh  hemoglobin,  it  is  evident  also  that  a  certain  quantity  nf  free 
COj  in  tlie  IilfWMl  inurtt  tie  prtvenl  in  ]iliyHieal  enmbinnlimi  (<r.  page  a3(i). 
Tilt  ci»e!tieicrit  i»r  alisorptimi  of  faH»oii  clioxi<le  in  waler  at  37"  is  O.Sfiit.  The 
diiidot-ialile  impounds  are  found  Ixith  in  the  ])Iasma  and  in  the  eorptiseleft. 

Of  the  (iubstancea  in  the  lilood  with  which  carbon  dioxide  can  be  combined, 
8odtuni  biearl>onato  XaHCO,  is  likely  to  be  thoufrlil  of  fir^it.  The  phenomena 
of  disMteiation  in  sohitionn  of  ttuK  Halt  hliow  however  tliat  it  cannot  play  any 
great  part  in  tliia  connection;  for  aa-ording  to  Bohr  a  O.I5-pcr-ccnt  wlution 
of  sodium  biciirbonate  under  a  pressure  of  0.(!  mm.  Hg.  takes  up  eighty  per 
cent  of  the  total  quantity  of  carbon  dioxide  which  can  be  taken  up  under  a 
pressure  of  120  mm.,  and  at  a  pressure  of  only  10  mm.  it  is  almost  com- 
pletely saturated. 

Again  great  importance  has  been  ascribed  to  the  phosphate*;  in  tlie  com- 
bination of  ('O..  since  it  was  suppoi»ed  from  analjftcs  of  the  blood  that  the 
pinwuia  etmluiiied  large  quantities  of  thcM!  pallt*.  But  it  has  been  shown  that 
the  phosphorus  found  in  the  ash  is  primarily  a  constituent  of  lecithin  and 
nucteoalbuniiii,  and  of-eurh  onlv  in  traces  as  Na,HIM),, 

The  globulin-alkali  eompoundu,  on  the  other  band,  appear  to  be  of  far 
(fTCftter  importance  for  the  combination  of  COj,  in  the  bbwtd.  Tlie  globulins 
play  tlu'  |iarl  of  weak  acids  and  enter  into  saltlike  combinations  with  the 
alkalipji  of  the  blood.  They  can  be  replaced  from  these  compounds  by  carbon 
dioxide  and  can  themselves  in  turn  n-placc  llu*  carhon  dioxide. 

The  (tignilicance  of  this  fact  will  Ic  more  apparent  from  the  following: 

If  two  acids  of  different  avidity  represented  respcclively  l».v  a  and  &  be  pre«- 
it  in  a  solution  of  a  basic  sulwhincf.  Ihcy  lilviiic  ibc  \mw.  wuhntance  between 
am  in  the  ratio  of  a/h.    I'ndcr  the  iiittucnce  nf  equal  mu.-<s  pi)iiiv(itentH  of  the 

two  acids  and  of  the  base,  - — — r  equivalents  of  the  one  acid,  and  — rr  of  the 

a  +  ft  (1+6 

|»ther  will  unite  with  the  bnBc.    But  if  the  Hiibstances  are  not  prtfScut  in  equal 
'maw*,  the  distribution  of  the  bn»c  iK-tweeii   the  two  aeid^  will  dt<|>eiL()  upon  the 
rflalivi-  iiia8si.<ti  nf  the  two.  w>  that  Ibe  acid  present  in  the  irrealer  quantity  rela- 
tively, even  if  ita  avidity  is  weaker,  will  iret  the  ifreater  quantity  uf  the  baM>. 

Applit-d  to  the  pmblem  U^fore  us.  this  would  mean  thai,  if  the  mass  of  car- 
Ihiu  ilioxiile.  or  more  proja-rly  its  tension  in  Ihe  pla.'tma.  i.'^  high.  Ihe  gLnbnIin 
will  be  forced  out  of  if»i  alkali  compound.  If.  however,  the  blood  comes  into 
8Ueh  relations  that  the  carbon  dioxide  tension  falls,  the  globulins  again  suc- 
ceed to  their  right.-'  and  the  carbon  dioxide  leavci*  the  alkali  (Torupl. 

As  already  obiwrved,  carbon  dioxide  occurs  also  in  the  blood  corpuscles 
the  form  of  disiiociahle  compounds.     It  is  very  probable  thai  the  globulin- 
Ikali  e<>mp<mnds  of  the  blood  corpuselos  act  in  the  same  way  as  those  of  the 
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«erum.  It  should  !«•  added,  however,  tliat  the  curve  of  CO,  alwirplion  for' 
the  corputiclcR  ejihitiitji  a  miidi  grcAtcr  ite[H'ndL'-iKr  n^ion  the  [lartlal  prcssuraj 
of  CO.  timn  that  fur  tlie  frL-ruiii  (Bolir).  Tiio  t-uutitituuut  mi>eit  actively] 
contrrtiud  here  again  is  tlio  hipiimgloliin  (Fig.  I'M). 

iffem»yluhin  thcrt'fnrL'  t-fin  *:nnil)ine  carbon  dioxide  an  wt-ll  as  oxygen.  We 
are  not  yet  clear  just  how  this  takes  place.  Bohr  Ua«  s.hnwn  lliat  the  absorp- 
tion of  carbon  dioxide  liy  hn-moglohin  froe  of  alkalies  is  influenced   little 


J'ID.  132. —  Itip  iklHi.rpUnn  of  f  ArtMn  iliasidL- in  ■solution  of  hjpmoKlDliiii.  nStet  Uabr. 

1  7fi  jHTewH  Bululinn; 3,S  fwr  rwit  unlutiiiti.       Tlin  sbwiwat  rapnMmt  tliv  prt^ 

»urr  to  vilijx^li  the  gnn  wa*  Hubjeclcd,  the  ordloftUd  the  anioiml  uf  eorboB  dkudtle  In  0.0. 
AbBurbcdby  I  (c  uf  l(&-ui<JKlobiD. 


or  not  at  all  liy  oxygen.  For  thtfi  reaaon  he  aiwnnioA  that  tlic  two  gasee  ars^i 
combined  wilh  dilTercnl  parts  of  thf  hieinoglobin  nioIecul<>^the  cxygen  with 
the  ])igiuent  nucleus,  uud  ilie  carWn  dioxide  with  the  protdd  compunent. 


I 


D.   THE  QDAHTITY  OF  BLOOD  GASES 
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The  conteni  of  gases  is  very  different  in  arterial  and  venous  blnnd.  Anal- 
}■«»  of  the  ga-ses  in  dog's  bloiwl.  t-arried  out  under  the  direction  of  Ludwig  and 
Pfliigor,  give  us,  according  to  the  ^umniary  of  Zuntz,  the  fullowing  average 
piTwnlflgi-s :  arterial  hlofMl,  1S.3  voIh,  per  cent  oxygen  and  .Ift.S  vok,  jmt  cent 
earl»}U  dioxide.  Hy  very  rapid  exlraeliou  of  the  gases  I'tliiger  obtaintxJ  for 
arterial  blood  22.ti  vols,  per  (t?nt  oxyg<-n  and  34.3  vols,  per  cent  carbon  dioxide. 
Merely  by  standing,  tlierefore.  the  blood  u«»s  up  oxygen  aiul  forma  carbon 
dioxide.  From  arterial  human  bliKMl  Sutchenow  obtained  31.6  voU.  per  cent 
oxygen  and  40.3  volii.  per  cent  carbon  dioxide.  The  percentage  of  oxygi'O  and 
carlmn  dioxide  in  arterial  blood  moreover  exhibits  considerable  variatioui;. 

The  content  of  gawei*  in  veiioun  bloo^l  deT>cnds  naturally  upon  the  velocilif 
of  blood  ffotv  and  upon  the  nrfivUij  nf  mrlnh'ilmn.  That  the  lilood  gasos 
exhibit  great  variations  in  the  dilFen-nt  vast^ular  regions,  according  an  tlie 
organs  arc  more  or  lees  active,  is  quite  beyond  qncstion.  But  at  prcwnt  we  have 
analyse?  nf  only  the  mixed  blood  from  the  right  heart  and  from  the  central 
veina.    The^  give  u&,  according  to  the  summary  of  Zuntz^  as  cumparcd  vith 
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arterial  blood,  a  mean  increase  of  9.3  vols,  per  cent  carbon  dioxide,  and  a 
deficit  of  8.15  vole,  per  cent  oxygen,  or,  after  correcting  for  the  venouB  stasia 
caused  by  the  catheter,  -f-  8.3  COj  and  —  7.15  vols,  per  cent  Oj  respectively. 

E.  THE  DISTRIBUTIOlf  OF  THE  BLOOD  GASES  BETWEEH  CORPUSCLES 

ARD  PLASMA 

The  distribution  of  the  blood  gases  between  corpuscles  and  plasma  has 
been  studied  by  Fredericq  on  the  venous  blood  of  the  horse,  and  in  this  case 
only  the  carbon  dioxide  was  determined ;  71.4  vols,  per  cent  were  found  in  the 
plasma,  49.6  vols,  per  cent  in  the  corpnscles. 

All  other  determinations  along  this  line  relate  to  defibrinated  blood.  The 
following  noteworthy  facts  have  been  recorded.  Only  traces  of  oxygen  (0,1-0.2 
vols,  per  cent)  occur  in  the  serum;  almost  the  entire  quantity  belongs  to  the 
blood  corpuscles.  We  have  already  remarked  that  these  traces  can  never  be 
entirely  absent  from  the  serum  so  long  as  the  blood  corpuscles  contain  oxygen 
at  all. 

The  serum,  on  the  other  hand,  contains  most  of  the  carbon  dioxide.  Ac- 
cording to  the  investigations  of  Fredericq,  Zuntz,  and  A.  Schmidt,  the  carbon 
dioxide  of  the  serum  amounts  to  about  eighty-six  per  cent  of  the  total  quantity 
in  the  blood.  However,  it  is  not  impossible  that  by  changes  taking  place  in 
the  process  of  defibrination  carbon  dioxide  might  wander  from  the  serum  to 
the  blood  corpuscles  or  from  these  to  the  serum.  The  observations  of  Ham- 
burger indicate  that  in  changing  the  quantity  of  gases  in  the  blood,  sub- 
stances pass  from  the  serum  to  the  corpuscles  and  I'tcc  versa,  and  it  is  possible 
that  such  migrations  might  occur  in  coagulation,  as  the  result  of  which  the 
carbon  dioxide  carriera  of  the  blood  would  probably  become  differently  dis- 
tributed between  the  corpuscles  and  the  serum. 

When  the  whole  blood  is  exposed  to  a  vacuum,  the  entire  guaniity  of 
carbon  dioxide  escapes.  Not  so  with  the  serum :  it  loses  in  a  vacuum  only  a 
part  of  its  carbon  dioxide,  while  a  part  can  be  driven  out  only  by  the  addition 
of  acids.  According  to  Pfliiger,  the  carbon  dioxide  firmly  combined  in  the 
serum  amounts  to  five  to  nine  vols,  per  cent.  Since  this  portion  firmly  com- 
bined is  expelled  in  the  presence  of  the  blood  corpuscles  without  the  addition 
of  acids,  there  must  be  present  in  the  corpuscles  certain  constituents  which 
act  as  an  acid. 

FOURTH    SECTION" 

THE  RESPIRATORY  EXCHANGE  OF  GASES 

§  1.    BIECHAinSM   OF  EXCHANGE   BETWEEN  BLOOD   AITO 
ALVEOLAR  AIR 

Knowing  that  flic  carbon  dioxide  exists  in  the  Mood  in  Iho  form  of  a 
dissociable  compound  independent  of  tlic  partial  pressure,  it  is  reasonable  to 
suppose  that  the  transfer  of  carbon  dioxide  from  the  blood  to  the  alveoli  of 
the  lungs  take:?  place  by  the  equalization  of  the  existing  dilTercnce  in  tension. 


KXCIUNUE  UETWKEN  BU)OD  AND  M.VFjOLAR  AIR 
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It  is  likcwiMi  in  be  aAHuinod  that  the  absorption  of  oxygen  into  the  blocicl  is  thaj 
result  cf  a  dillvrcucu  iu  ox}'j,'en  IcueioQ  between  alveolar  air  and  venous  blood.1 

The  method  of  detenniiiiiu;  the  tension  of  a  east  in  a  liquid  has  bcfn  tciven 
aboTL*  ())aKV  335).  For  ihc  [n(^H:4un'mL'iit  of  gn»  tvii&inn  in  Uiu  blood,  PUugt-r 
let  the  blood  flow  in  u  fine  jet  directly  from  tbo  open  vcasel  througrh  a  tube 
chaispd  with  a  mixture  of  (rases  of  known  composition,  and  afterwards  analyzed 
the  Kaii.  By  this  melhod  the  1>1o(k3  ie  but  a  eliurl  tiine  in  uicliaiiKe  wilb  the 
mixture  of  gnHPtt,  nnd  on  this  account  a  complete  cquntization  of  tension  differ- 
ences is  nut  insured. 

For  the  purjxMte  of  obtiiitiing  inire  alveolar  air  for  analysia.  PfliiRT  oon- 
icted  a  fcpooifll  iiintrumcnt,  the  lung  catheter  (Fig.  133).  This  conninta  of  two 
ttibMr  one  tnehjpcd  within  the 
otlier.  The  outer  tube,  marie 
of  hard  rubber,  communi- 
cates with  a  soft  nihlicr  bulH 
(n),  the  thiii-wiilli'd  end  of 
which  cnn  be  inflated  by 
means  of  the  air  pump  (h) 
after  it  \n  introduce<l  into 
the  bmnohus,  so  a^  to  cloAe 
hermetically  the  bnnnrhial 
opeuiuK^  The  inner  tube(d), 
an  ordinary'  etaslie  catheter. 
placw  the  confim-d  lung  B|mee 
in  coimeetion  with  n  suitahlo  Fio.  133. — ^The  lutig  cktliou-r.  I.udwlg^  canBinurticxi. 

lube  (f)  filleil  with  niercur.v. 

After  the  air  has  been  eontined  fur  the  deaired  lenirth  of  time,  it  can  be  dnwa 
into  thia  tube  c  by  alhiwiuK  the  mereurj'  Co  run  out.  j 

From  determinations  earried  out  by  this  method,  chiefly  in  Pfliiger'a 
l&bomton-,  the  Icnsion  of  carbon  dioxide  in  the  arttTial  bh>od  haa  been  found 
to  be  ^.S  atmaxpheres.  and  in  the  venous  blood  3,8  to  5.4  atmospheres;  that 
of  oxypcn  in  the  arterial  hlnod  at  most  fifteen  per  cent  of  one  almotsphere. 
Since  the  partial  f>rrx-'iii-e  of  carlKin  dioxiile  in  the  alveolar  air  proved  to  Iw 
less,  and  that  of  nxy^n  (.'reater.  than  the  ton»ions  of  thc!«  ga«*  in  the  arterial 
blood,  cTidenee  was  found  for  tlie  coneeplion  that  Uie  reapinitot;y  exeliange 
takes  place  by  a  simple  eqiialisodon  of  tensions. 

Bohr  has  entcreil  the  lists  dwtidedly  oppose"!  to  this  view.  Bv  a  spocia!" 
DiethfMl  he  detemiinciil  the  (enninn  of  the  gaww  in  flowing  blood,  and  analysed 
the  expire<1  air  at  the  same  time.  He  found  that  the  tenaioa  of  cmrbon  dioxide 
in  the  arterial  hlnod  may  be  lower  than  the  partial  pressure  of  carbon  diojt- 
tde  in  the  air  which  pa.<sc:i>  the  hifureation  of  the  trachea;  aim  that  the  tonaioQ 
of  oxygen  in  the  arterial  blonid  may  be  jrreater  than  the  partial  prenaure  of 
oxygen  in  Ihe  .--auie  air.  Oilier  fuclors  than  the  tension  difference*  therefore 
must  lie  concorncii  in  the  respiratory  exchange.  Bohr  lays  special  stress  upon 
the  aetivily  of  the  alveolar  wall,  which  is  said  to  tecrtte  carbon  dioxide  and 
actively  aluiorb  oxygen. 

In  general  it  tnay  be  Assumed  that  the  total  amount  of  carbon  dioxidf!  given 
off  in  the  liiii)f!i  c^m<-»  to  the  liwwr  circulation  from  the  veins  of  the  frreater 
circulation.    However,  the  opinion  wai  long  ago  ezprcaaed  by  Lavoiaier  in  his 
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StudiiM  oil  thu  re«])iratLon,  that  CBfboii  dioxidu  U  formed  in  the  luii|[»;  mid 
receatty  Bohr  and  Jiuurlquu  huvu  pubHsbud  vxpurtmt.'nUi  which  purport  to  itbow 
that  a  coDsidernbln  part  (two  to  eixly-six  jicr  cent)  nf  Iht;  carbon  dioxide  given 
off  IB  foriin?d  lliertr.  H  th(?»e  results  rIiouW  be  ennfirmwi,  it  would  be  iietressaT? 
to  Buppose  that  in  th«  combuslitms  going  vu  iii  thu  bud.v  in  addition  to  <.-«rb<-ni 
dioxide,  II  iiurnbt-r  of  iiiWnnodiary  poKluctrt  of  d(4'H>in ignition  nrp  formed,  given 
off  lo  ihi>  bliMwl.  nnd  ihert'  further  oxidized  (cf.  page  339);  altso,  powiblj*,  thiit 
ftome  final  oxidation  tukex  pliicu  in  ttio  luii^s. 


r 


§2.    EXCHANGE   OF   GASES   BETWEEN   BLOOD   AND   LYMPH 

During  its  [>a»snf;e  ihrough  the  capillariea  the  blood  give*  off  oxygen  to 
the  tieaueft  and  rewivtw  carlion  dJuxidu  fruni  them.  We  know  vwry  littlw  at 
pn'wnt  about  tliu  injitiner  of  this  excliun{;e  in  llie  liwuvn.  But.  oim-u  Lliu 
tension  of  oxygen  in  \\u-  tissues  is  estroniely  small,  while  according  to  Stras- 
burg  llie  tension  of  earhon  dioxide  thiirc  cxoowIk  that  of  the  venonn  bUwMl 
(UO,  tvnKion  iii  vunous  blood  -\'2  nun.  llg.,  in  llie  inteatine  51f,  in  the  bile  51, 
in  acid  urine  67),  the  exchimpc  niig'ht  he  hioktd  upon  as  a  simple  matter  of 
equftlizin/;  tfie  lencion.  In  view  of  tliu  faet«  with  which  we  have  just  become 
ftcqt)ainte<l  under  respirator)-  exchange  in  the  lun^p-,  ami  Hinoe  tht'  connumplion. 
of  oxygen  (iT.  piigu  2T)  doiw  not  ciiipt-ml  ii|hiii  tlw  oxygen  tension  but  u|hih 
the  activity  of  the  tissues,  it  iit  poseiblo  that  the  vital  aetivity  of  the  vascular 
wall  ahould  exercise  some  iBfluence — but  we  have  no  positive  information  on 
this  at  present. 


§3.    CHANGES   PRODUCED  IN  THE   RESPIRED   AIR 

The  excretory  pmduet-'  eliminated  in  the  breath  are  earbon  dioxide,  wator 
vapor  and  possibly  some  other  gaseous  subat-ances  as  yet  impE3rfectly  known. 

Inspired  air  cooiaiDs  in  round  numbers  twenty-one  vols,  per  cent  oxygen 
and  seventy-nine  voIh.  per  cunt  nitrogen,  if  we  disregard  argon,  etc..  To  Ihejir 
are  lo  Ih;  added  wime  carlKin  dioxide,  whieh  auiount*  to  only  0.03  per  cent  in 
atmospheric  air,  but  sontctiines  to  conr»ideral>ly  more  in  room  air,  and  water 
vapor,  the  quantity  of  which  varies  within  wide  limits. 

The  expired  air  is  minrated  with  water  vapur,  which  for  the  most  part 
haa  ita  aource  in  the  respiratory  pa8.*flge.s  <cf.  page  32:i).  To  what  extent  this 
water  vapor  represents  a  product  of  nielabolinm  ciinnot  yet  lie  dr-eidi'd. 

In  diiferent  animals  and  in  different  individuals,  as  well  as  in  the  same 
ttidividual  nnder  ditTer^'nt  circumstaTices.  the  amount  of  carbon  dioxiile  in  the 
expired  air  exhibits  wide  variations  according  to  the  depth  and  frequency  of 
the  respiratory  movements,  etc.  The  figure  generally  given  for  the  normal 
percentage  of  TO,  in  the  expired  air  of  man  is  1.1  vols.  [H;r  cent  (Vieronlt). 
With  quicker  and  deeper  reMpirations  the  lungft  are  Iretter  ventilatetl  and  the 
urriount  of  <.'<),  sinks  to  about  2.5-2.IH  vols,  per  cent.  .Vlong  with  this  the 
tjuantity  of  CO,  given  off  jwr  minute  bitturiw  greater,  whirh  in  i(.*M'lf  how- 
ever serves  only  as  an  exprewion  of  the  improvw!  venlilatinn  and  signifies 
nothing  contrming  Ihe  way  in  which  the  fornmtion  and  elimination  of  CO, 
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are  influoncetl  by  the  altered  fivquency  and  extent  of  the  respiratory  more- 
mentti.  As,  far  a^  ihh  latlur  question  is  concLTnt-d,  numomud  obji^n-ntionA 
ttiacli  ns  lliat  uugrueiited  respiration  iticrettses  the  absolute  otitpul  of  CO, — 
not  in  cotifiwiuetice  of  the  greater  t-xiliauji^-  of  air,  hut  on  accuunt  vf  Ike 
incrruspd  work  of  the  rcsjiiratorv  iiiuiwIcjs. 

Tht'  pcrcentaijc  of  oxygen  in  the  e\pircd  air  is  of  conrae  less  than  that 
of  [he  inspired  air,  and  in  foot  it  dccrcajsiis  more  as  a  rule  than  the  percentage 
of  C'Oj  increiww.  Wlicn  carl)on  hiirn*  in  oxygon,  the  volume  of  tho  ga«  doe« 
not  t'lmiit^-.  Since  in  respiration,  however,  the  iimminl  of  oxygen  whieh  has ' 
ditiappiearetl  is  greatt^r  than  that  of  the  carbon  dioxide  foriiiwl.  it  follows  that 
the  oxygen  U  iisird  in  the  bfxly  for  other  oxidaltons  than  that  of  cnrhon.    The 

CO 

ratio  hetween  earlmri  dioxide  formed  and  <ixy^n  used  -pr-*  i»  called  tlie  rnspir- 

aluri/  ijnotitnt.  • 

The  ruiinf  of  the  respiraiory  qtiotieni  is  very  different  under  different 
urcum!stanee)>,  and  dependii  upon  the  kind  of  foodstutfs  wkich  at  the  time  ore 


Fra.  t34. — The  amount  of  carbon  dioxide  mcatiUKK)  in  Iwo-liour  iwrioilx.  vxpirrd  by  • 

who  idrpt  (luriiiK  Uii-  i-nlirp  lime,  anil  wlm  for  five  daya  [nrviouflJ/  IumI  talcn  imarrely  way' 
thing. 

being  burned  in  the  body.  The  carliohydrates  contain  in  their  molecule  just 
as  much  oxygen  as  is  necessary  to  eompletcly  utilize  their  hydrogen.  The 
total  (luantity  of  the  inspire*!  oxygen  tluTf-fon?  ran  In*  usfti  for  the  oxidation 
of  their  carbon.  Hence,  if  carhnlLydnttes  exclusively  are  l)eing  hurniMl.  the 
value  of  the  respiratory  quotient  will  bo  I. 

Fat  nnd  proteid  require  more  nxygrn  than  carlmhydrates  for  their  eora- 
plete  oxidation  because  the  oxygen  contained  in  their  molLvule  is  not  sufUcient 
for  the  complete  aaturntion  of  their  hydrogen.  Con.scquentty  when  ihew 
nubatanccii  are  l>eing  bumeil  the  rc«piratory  qnotient  will  hi'  Ictw  than  I — for 
fata  0.?!  and  for  proteid  0.7«.  (Fat  contains  on  the  avcragt^  7li.5  per  cent  0, 
1?  per  cent  H.  11,5  per  cent  O;  proteid  (dry  muscle)  50.5  per  cent  C,  7.6 
per  cent  H,  15.4  per  cent  N  and  20.97  per  cent  0.  of  which  11.3  per  cent  0, 
3.8  per  cent  TT,  15.4  per  cent  N.  and  11.44  per  cent  0  are  eliminated  in  the 
urine  and  fwces.  leaving  3fl.2  per  cent  (\  4.8  per  cent  H,  and  9..'>3  per  cent  O 
to  tw  eliminatwl  in  the  breath.)  Since  it  only  rarely  happens  that  carbohy- 
drates alone  arc  burned  in  the  body,  the  respiratory  quotient  as  a  rule  ta 
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less  than  1,  and  with  ordinary  food  may  be  estiTnated  at  ahout  O.fl.  When 
fat  is  being  formed  from  carbohydrates  and  being  stored  the  respiratory 
quotient  may  exceed  1. 

Rcduteil  lo  dryness  and  to  i)"  the  expired  air,  LhereXore,  has  a  smaller 
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FlQ.  135, — Tlip  rliminKlicin  nf   carbon    iliaxiflc: on   iirdiimry  flii-t   (tnvrut   for 

(InyM) ;  and      - whUo  ramimt  <incaii  Tor  fivp  dayd).     All  l.he  ik-t^^nninniianri 

iniule  on    llip  winic  iiidivtiliial,  ii  man  t,w«>iity-[ivr  y<-»r«  nli).     Uri   ih<>  fnrirl  ilnvit  lie   al^it 
U'Mvn-n   1:2  n'clotik   mitlntKht  nnd  6  A.M.      On  tliu  ruatiiiK  dotyo  lie  olopt   twtwc^n   10  p.m. 

ftUll  0  A.U. 


volume  than  the  inspired  nir.     Mensunil  directly  lU  volume  is  greater  because 
of  it«  water  vapor  nnd  higher  temperature. 

For  exiiniple,  lol  tis  <i.i|i]inM>  that  thr  iiispirod  oir  (500  o.c.)  haw  a  ttmipera- 
ture  of  20*  C,  and  that  it  is  Ktitumled  wiib  wiiti-r  vapor  si  this  temperature 
(tension  17.4  mm.  Hy.).  Expired  air.  we  will  suppoiw.  has  n  tcrnpfruturo  of 
ST.S"  C,  is  snturati'd  wifh  waMr  vapor  (ten*iuii  at  thi*  tciniMTaturi'  47  mm.  11(1.) 
has  lost  4.783  i»r  cent  osyjjen  nnd  has  pained  -t..1«0  pfr  cent  earbon  dioxide. 
Measured  directly  then  the  expired  air  would  have  a  vnlunif  of  &r>4.H9  c.c. — i.  e., 
approximately  one-ninth  Krtiater  than  inspired  nir.  The-  difference  would  eri- 
detitly  be  greater  the  eolder  the  inapired  nir  (J.  K.  Kwald). 

During  recent  y<^ars  the  (inestinn  whether  the  expired  air  contains  poioon- 
0118  gaseous  coiuititucntii  lio^  Inien  very  u(rlively  di^^ui^Mi^d,     Brown-S^oard 
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and  D'Arsonval  on  the  basis  of  numerous  experiments  had  answered  the 
questioQ  in  the  affirmative.  Their  fitatemonts  were  put  to  the  (csl  by  Beveral 
other  author*,  hul  bv  mo*t  of  them  withont  results.  Fonuanek.  however, 
pmvpd  by  exact  methods  that  the  poisonous  effects  observed  by  the  aliorc- 
nanieil  authnrs  on  eontined  animalg  came  in  fact  only  rrnm  ammonlB  gel  free 
from  the  solid  and  fluid  excretions  of  the  animal  employed. 

Rinei!  the  carbon  dioxide  in  thp  air  mny  ritw  to  four  or  five  per  ernt  and 
higher  without  cxereisiiiii  niiy  hjirmftil  pffiTls.  w^  mH.V  conHudp  that  the  indis- 
poailioii  which  tvsulls  fronj  Iohr  oonfinement  In  bndly  vi-nlihilttl  or  nvercrowd(«d 
rooms  is  due,  not  to  the  iiiilaence  t>f  any  poisonous  constituents  of  (he  expired 
air,  but  to  other  cirfumfltaiu-es — e.g.,  higher  temiJeraturv,  hi(cher  humidity, 
gafieous  Bubstanees  eominp  from  the  intestine  or  fmm  nn  unclean  skin.  etc.  It 
ia  aaaumed  of  course  that  the  ventilation  is  not  «o  bad  that  carbon  dioxide  aceu- 
mnlatca  in  too  large  quantitiea. 


§4.    THE   ABSOLUTE   AMOUKT   OF   RESPIRATORY  EXCHANGE 

In  the  section  on  the  nutrition  of  man  (page  137)  will  be  found  fuller 
information  hearing  on  this  subject.     Here  we  muat  limit  the  discussion  to 
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Fm.  138. — Th«  •limiiwUon  of  carbou  dioxide,  in  two-tiour  ptrrioda,  by  «n  eitv*afy*mt-<M  hoy. 
He  sl«pt  btiwwni  10r30  p.m.  ud  8  a.u. 

ftOme  facta  concerning  the  variations  i»  the  normal  output  of  carbon  dioxide 
(Figs.  134,  135,  and    136)  ORtimated  for  two-hour  period*. 

In  view  of  the  many  circumstances  which  affect  the  amount  of  metabolism 
and  therefore  the  ou(puf  pf  CO,,  it  is  impossible  to  specify  in  a  few  figures 
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the  quantities  excreted  daily.  In  a  man  not  at  work  it  can  be  estimated  on 
the  basis  of  direct  observations  for  twenty-four-honr  periods  at  0.5  g.  per  hour 
per  kilogram  of  body  weight,  which  for  a  person  of  the  average  weight  of 
70  kg.  would  amount  to  36  g.  per  hour  and  840  g.,  or  427  1.  per  twenty-four 
hoars.  At  heavy  physical  labor  the  hourly  output  of  CO,  may  rise  to  169  g. 
and  higher;  in  complete  bodily  rest  it  falls  to  about  30  g.  per  hour  (Fig.  134). 
The  intake  of  oxygen,  like  the  output  of  carbon  dioxide  depends  upon  the 
food,  work,  temperature,  age,  etc.  With  a  respiratory  quotient  of  0.80  the 
oxygen  consumption  corresponding  to  a  carbon  dioxide  output  of  427  1.  per 
day  would  be  534  1.,  or  764  g.  According  to  the  indirect  determinations  of 
Pettenkofer  and  Voit,  in  the  grown  man  fasting  and  at  rest  it  amounts  to 
740-780  g.,  fasting  and  at  work  1,070  g.,  on  a  moderate  diet  and  at  reet 
700-900  g.,  on  a  moderate  diet  and  at  work  1,000  g.,  etc.  By  direct  deter- 
minations with  the  respiration  apparatus  of  Hoppe-Seyier  the  oxygen  absorp- 
tion in  a  grown  man  on  a  mixed  diet  and  not  at  work  amounted  to  559-586  g. 
per  twenty- four  hours  (Laves).  In  experiments  of  shorter  duration  Magnus- 
Levy  found  the  oxygen  absorption  in  a  fasting  individual  at  complete  rest 
to  be  17.5-19  g.  per  hour,  which  corresponds  to  a  daily  absorption  of  428 
to  456  g. 


THE    I-TMPn    AND    ITS    MOVESfESTS 

Thi'  It/mph  or  "tissue  fluid"  is  the  medium  in  vhich  On*  cells  of  the 
body  Hvr.  In  part  it  io  imliihwl  into  the  living  sulistance  it-*nlf.  nnd  in  pari 
is  collected  Jii  oth«rwis«  empty  epaces  ahimt  anti  Wtwefii  tlie  wlls.  The 
entire  b«ly  is  jienneated  throuptifiui  wilh  j^ucIi  spaces  whith  are  of  tlie  (jroatoat 
variety  of  forms:  cleft?!,  minute  canaU.  shcHth«,  siir.-;.  etc..  anti  esliibit  the 
greatf-st  posi^ililc  difference  in  size.  Somo.  «uch  ai*  the  8o-ealIod  serous  mcs, 
like  the  peritoneum,  the  pleura,  the  pericanlimii.  the  seroua  «ac8  eurrounrling 
the  or>;Hii,s  <)f  the  wntrat  nervonB  sj'slem,  etc.,  are  enormoualy  targe,  while 
others  can  only  be  detected  with  high  magnification.  AH  these  fluid-filled 
Bpaccs,  of  whatever  kind,  communicate*  vith  the  lymph  vessels,  and  through 
them  with  the  blood  itystem. 

The  lymph  comes  from  the  blood  and  )i  conveyed  ag:am  by  the  lymjA 
vesoelK  to  the  hlocMl.  Besides,  certain  constituents  of  the  lymph  are  taken  up 
directly  into  the  tilwHl  vushjIs  through  the  permeable  walls  of  the  capillariei. 

From  the  blood  the  lymph  receive«  all  the  sulwtancex  npcessary  for  the 
life  of  the  ceils;  from  the  cells  it  receives  the  products  formed  in  their  own 
life  processes,  both  tho»^  which  arit^c  as  u  nwull  of  the  dii>»imilatory  activities 
and  those  which  are  formed  by  jiynthetic  procewes  in  one  organ  or  another 
for  use  iu  tilill  other  organs.  It  follows  that  the  lymph  in  the  different 
organs  must  be  of  different  composition,  since  on  the  one  hand  the  require- 
ments of  the  different  organs  are  different  both  qualitatively  and  quantita- 
tively, and  on  tho  other  the  products  of  assimilation  and  diK^iinilation  are 
different. 

However,  we  have  at  present  no  complete  nnalysca  of  the  lymph  in  the 
different  organj*.  nor  of  the  lymph  flowing  from  the  different  organs;  our 
knowledge  is  limited  almost  entirely  to  the  composition  of  the  mixed  Ijinph 
to  t>o  obtained  from  the  thoracic  duct. 


gl.    THE  CHEMICAL  PROPERTIES  OF  THE  LYUPH 


The  lymph,  aa  one  of  the  discoverc^rs  of  the  lymph  system  <0lau9  Rud- 
heck,  1673)  remarked,  «  a  waier-rlMr  liquid  of  mH^  iasie,  wkifk  roagnlate* 
rpontanpoiixly.     Our  knowledge  h  at  thitt  time  hnt  tittle  more  exteoitive. 

The  lymph  (lontaim*  scattered  leucocytes.  It*  chemical  composition  agrees 
qualitatively  with  that  of  tho  blood  plasma  but  quantitatively  differs  from  it 

'Armnlinic  Ut  thn  rt>«Tit  reacarthtn  of  McTftUum  arH  l^bin,  thr  lyiiiph  vcnala  an 
cIaw^I  tiiiMM  liki-  thr  rnpiltari«!i.     If  m>.  we  must  think  ot  tha  tiinnie-Hpanea  and 
caviliex  u  fwpnratod  liy  thin  wails  from  the  rwJ  lymph  rhannela. — Ed. 
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chiefly  in  (hat  the  I^vmph  is  pnnrer  in  proteiJ.  In  comparison  with  the  total 
proteid  of  the  plasniu,  the  lymph  if  saifj  to  coQtain  lees  globulin. 

In  the  dog's  lymph  Ilammerston  fcnmH  nlmosl  no  oiyjiftn.  hut  fmiml 
thirty-seven  to  fifty-three  vols.  [M;r  ct-nt  of  carbon  dioxidp.  It  iri  stated  that 
the  carlion  dioxide  tension  in  the  lymph  is  greater  than  ia  the  arterial  blood, 
but  \e?i  than  in  the  vcnoua  blood. 

Ai'C'Ordiii^  to  analyses  at  present  available,  the  lymph  of  man  contains: 
93.5-!»5.9  per  cent  water.  4.2-6.-1  per  cent  solid*.  0.04-0.05  per  cent  fibrin. 
3.5-'t.3  per  cent  proteid,  0.7-O.8  per  cent  ash,  0.4-0.11  per  cent  fatj  cholesterin 
and  lecithin. 

Theri-  »re  found  iu  lymph  also  Bubstance^  which  have  a  m.arJcf.it  inftuenee 
on  fer/am  parts  of  the  ctntral  nervous  system.  If  lymph  from  the  cePi-ical 
lymph  Cruuke  at  the  dog  be  injected  iutu  the  iuteraal  carotid  of  the  same  animal, 
changi?fl  in  the  eiirulatlnn  are  noted.  Certain  nen'oua  mecbanisniB  are  Bttmn- 
Eated.  others  ore  paralyzed,  and  (he  form  of  the  blood-prrssuTP  ourvp  ia  altered. 
Similar  injprtiniis  nf  b]<n«J  have  no  audi  effect  (Asfatr  and  Barbcm),  The 
ehcinictil  natuc'e  of  these  Hubtitaiieett  i*  not  .vet  [lerfectly  known,  but  in  all  proba- 
bility they  are  products  of  combustion  iu  the  organs. 

The  qiiantitif  of  Ii/tnph,  inehijiive  of  the  chyle,  which  flows  through  the 
thoracic  duet  into  the  blood  stream  in  twenty-four  hours  may  be  et^timated 
for  man  at  one  to  two  liters.  In  vi«w  of  the  paAJtage  of  certain  oonstttuenta 
into  the  blond  bv  way  of  the  cBpillaries.  an  cxaet  determination  of  the  fjuantily 
of  fluid  llowijig  through  the  lliorauio  duct  posaesties  no  great  interest. 


§2.    MOVEMENTS  OF  THE  LYMPH 

To  determine  the  flow  of  lymph  quantitatively,  n  fistula  is  made  fn  the 
thoracic  duct  or  in  one  of  the  larj.'er  lyraphalica.  The  quantity  which  flown 
from  the  Ihorat-ic  duct  imnuHliately  after  the  operation  is  fairly  large  owing 
to  tilt!  stoppage  incident  to  tying-in  the  cannula,  hut  it  declines  rapidly.  In 
the  further  course  of  an  experiment  of  this  kind  the  quantity  may  either 
remain  constant  for  a  time,  or  may  continue  to  fall;  the  latter  appears  to  be 
the  rule. 

No  tjinph  at  all  is  to  he  obtained  from  the  main  lymph  veswel  of  an 
entremily,  unless  its  flow  iti  aide<l  by  active  or  pa.-i.'sive  mnvenients  of  Ihe  part. 
From  this  we  may  conclude  that  by  far  the  greater  part  of  (he  lymph  flowing 
from  the  thoracic  duct,  when  the  animal  is  perfectly  quiet,  comes  from  the 
vietcera. 

The  lymph  ves«fU  are  always  full ;  the  presaure  of  I}'niph  in  the  <»r\ical 
tnmk  of  the  dog  and  hnrse  is  from  10  to  20  mm.  soda  solution.  The  vfilocity 
of  tymph  flow  is  much  lesd  than  the  velocity  of  blood  flow  in  vessels  (d 
similar  size. 

Among  the  forces  whifh  maintain  the  flow  of  lymph,  the  tension  whirh 

bw exerted  by  the  elasticity  of  the  li»fHe..i  should  be  ranked  first;  every  increase 

[of  tissue  fluid  must  naturally  heighten  this  tension  and  thus  accelerato  the 

r6ow  of  lymph.    The  movement.^  of  the  in<lividmil  |>Hrt!?  of  the  IkhW  whether 

they  be  paaaive  or  active,  occasion  elevuti<]Ui«  of  pr^juure  on  the  lymph  spaces 
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ami  tyinpli  veHselR.  which  act  in  (lie  Rnriif-  way  &»  the  tension  of  the  tii>sue8 
to  favor  the  flow.  Bwiilofi,  thnm^hout  sucK  pa»iivc  titutue^  as  t«?ndon8  and 
fascia  t(tre.iti>e8  occur,  in  some  cabcs  regularly  and  rhyihrnically  as  the  result 
of  vi»luiitary  movement^  hut  more  often  quite  acddentaily,  which  favor  the 
movements  of  the  lyniph. 

In  certain  animala  (rats  and  guinea  pigs),  the  walls  of  the  lymph  vessela 
execute  rht/thmicat  contractions,  and  in  the  Amphibia  the  flow  of  t>-mpb  ia 
aidod  tnatcrinlly  by  the  io-catlcd  lymph  kearia — Bmall  contractile  etnictures  sitn- 
alt^H  on  both  sides  of  the  triKvyx  and  bpneolh  the  scapula.  The  lymph  is  forced 
by  their  cnntniclions  into  tho  iliac  mid  jutruliir  veins  roHtHWlively. 

The  liquid  flowiuR  fmm  the  villi  of  the  intestine  thrnugh  the  lactenls  is 
forced  alung  by  ciml ruction  of  thi.-  snioulh  mufi^-le  fibers  of  the  villi.  Fiually, 
the  suction  of  the  thorax  nmM  be  tiiken  intn  Bcmunt.  inasmuch  as  it  afferU>  the 
flow  of  tho  lymph  just  aa  it  doeu  the  flow  of  blood  in  the  central  veins.  It  ia 
evident  nt  onoe  that  the  vatvea  of  the  lymph  eemela  are  of  great  impnrtanee  for 
all  uf  the  above-named  fadont. 

The  amnoth  muselea  of  the  recepttictihtm  chyli  and  of  the  thoraric  duct 
at  least  are  under  the  influence  of  the  central  nervous  system.  The  left 
cplanclmic  eonlHinc  dilaling  tilier.-*,  ami.  ihmigh  in  smaller  numbers,  con- 
istrictor»  also,  for  the  rereptaculum.  The  motor  neneb  for  the  thoracic  duct 
are  in  the  thoracic  jtyni pathetic.  Here  aUo  the  dilator  fibers  are  superior 
to  the  constrictors  in  their  control  over  the  wall  of  the  duct.  The  dilating 
norveif  caa  be  excited  rellexly  by  variotw  a:?crent  nervea  (Utey  and  Camus). 


g3.    THE   FORMATION  OF  LYMPH 

Since  the  hlood  pressure  in  the  capillaries  is  higher  than  the  tengioD  of 
l\'nip1i  in  l)i(?  surrounding  li.>4flue.o,  it  was  for  a  Ion;;  time  supported  that  the 
lympli  iH  prenxrd  nut  of  ilie  capillaries  by  thi»  dilTcnMire  in  pretvure  (filtra- 
tion), and  that  the  osmotic  prucesse^  between  the  blood  and  lymph  exerciae 
a  more  or  less  considerable  influence  on  both  the  quantity  and  composition 
of  the  latter. 

The  modt  important  cipcrimental  support  of  this  new  wta  the  eiaaily 
oonfirmeii  fact  that  the  lymph  streams  become  awolleo  considerably  after 
tyjn^  olT  a  vein,  as  a  eunetequeuce  of  which  the  pressure  in  the  capillaries  is 
incroaiied  (venous  M-pera^mia).  On  ihi^  other  hand  it  wm  shown  that  an 
increaae  in  capillar)'  pressure  produced  by  dilatation  of  nn  artery  (arterial 
hypen^nia)  often  doe«  not  increase  the  formation  of  lymph  in  the  leaat, 

Tf  the  cerrieat  and  brachial  nerrcB  of  an  animal  bo  eut  «o  that  the  vamJm 
of  the  arm  are  removed  from  the  influence  of  the  nervous  aystem.  and  the  oer> 
rieal  spinal  cord  be  then  fitimulatcd,  the  Mood  vetueU  all  over  the  bndy.  with  the 
eieeption  only  of  the  arm,  oontrart,  wherefore  the  blood  flow  to  the  arm,  and 
oiisttiiieiitly  the  bliKid  pressure  ill  its  capillsries  are  Rreatly  increased.  Not- 
withstaiutinK  this,  the  quantity  of  l>'mph  flowin^r  from  the  l>-mph  vp«»elfl  of  ibo 
arm  by  the  aid  of  im^sive  movrmcniH  is  not  increased  in  the  least,  but  eontinnes 
to  (all  tiradually  as  Itcfore  (TAiilwttc  and  PH»irhutin).  The  mtme  i<i  Ime  of  the 
Bubmaxillfir;-  gland,  when  after  sectiou  of  the  cervical  sympatlietic  of  nn  animal 
22 
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poinoned  with  atropinr,  the  itpinal  enrd  and  the  (.'horda  tympaiti  are  B(imulati>d: 
the  Krt'«t^I.v  ""trittP'itfd  supply  of  blood  to  the  gland  produces  not  o  trace  of 
usdcDta  (IlL-id^'uhiiiij). 

The  difference  in  pressure  l»etwcen  the  Mood  and  Ijinph,  Ihereforc,  is  at 
liiftst  nut  thr  ontif  mu^e  of  llio  fornmtioii  of  lympli. 

After  Lh(!  in>*ullicic'ucy  of  thi-  (iltration  hy]iothesi8  had  heen  established, 
there  still  remained  a  iwiitsibility  of  explainiiig  the  formation  of  lymph  liy 
reference  to  oemolic  proeesse'.  In  tin?  iiuni't'roufl  investigfltious  which  have 
been  carried  on  in  the  last  few  years  many  fnet*?  have  hecti  observed  which 
present  no  spprial  diffieiilty  for  this  hypothesis.  But  there  nre  other  phenom- 
ena which  eannnt  be  explained  wi  simply,  and  which  have  ktl  therefore  (o  flie 
hypothesis  that  not  only  the  difference  in  prewuro  and  the  o.sniotic  pnice«se8, 
but  xome  sp^nfir  xrcr^tortf  procfM  in  the  f-apillary  wall  also  is  eoncemed  in 
the  formation  of  lynipli  ( Heidenhnin). 

Of  the  facts  which  led  Ileidenhain  to  adopt  this  view,  some  have  lost  much 
of  their  foree,  in  view  of  more  recent  work;  others,  bnwever.  are  not  yet  sntis- 
faetorily  cvplaiuud  from  the  phy.s]cul  point  of  view.  \\'\j  shuJI  dit-cus^i  briefly 
and  iu  order  the  most  important  of  these  phenomena, 

1.  If  a  hypertonic  solution  of  conmiun  salt  or  i^f  »u^ar  be  injected  into  the 
blond  vessrl»,  within  a  abort  time  a  Inrpe  quflntity  nf  water  panwB  fn>ra  the 
lymph  into  the  hloinj,  while  simultaneously  the  snlt  nr  siignr  rapidly  disappears 
from  the  blood,  and  the  lymph  stream  becomes  jrrcally  iiuprnieiit(<I  for  a  bing  lime. 

Thix  pheiitimeiioii  iniK-ht  I>o  ex|>)aiiiHl  by  s»,vint<;  (hat  the  vuscuhir  wall  ia 
leas  |K'nneable  for  KU4{ar  (or  salt)  than  for  witlvr;  cuiuH-ijueiilly  water  pH8i«c» 
into  the  blood  vessels  by  osmosis  until  the  su(rnr  con  iia-ss  out.  Once  nut  of  the 
TOKcIfi  the  au^nr  in  its  turn  draws  water  from  the  tisanes  and  thus  occasions 
the  increase  of  lymph.  Amon^  the  difli(^ultie.s  w-lneh  such  an  explanation  cn- 
counteiM  is  this,  thai,  according  to  Hvidt^nhain,  the  content  of  su^jrar  in  the 
lymph  surpasses  that  fuiiiid  at  the  same  time  in  the  whole  bbiiul  r>r  in  the  serum: 
the  CHcaiie  iif  HUfcar  f  mm  the  bbHul,  ilu-n-fore,  cjaiinot  br  i-xi)lHini-d  by  any  prtK-i-as 

niaiH,  but  may  be  due  to  the  aclivity  of  the  enpillaT^'  wall. 
^  „.'»hnstein,  hi  opposition  to  this  view,  remarks  that  it  is  not  fair,  beenuae 
of  the  slow  movenieEil  f»f  lymph,  (o  compare  the  c<ini|H>stlion  of  btuud  and  lymph 
drawn  at  the  itame  time,  but  in  nnier  to  obtain  hannnniouR  results  one  munt 
Cum  pa  m  only  the  maxiiinini  fonrentralinnH  of  the  two.  If  this  riile  he  nhser^-ed, 
the  maximum  concentration  of  scrum  ia  (rcnerftUy  hiffhcr  ihnn  ihal  of  the  lymph. 
But  iometimes  the  opposite  relationHbip  obtains,  nnd  this  Cohnslein  thinks  may 
be  because  tho  bl<>o<]  test  is  not  mRiJe  immediately  ufter  tnjwtiwi  of  the  fluid. 
Hut,  again,  it  might  be  said  that  the  injected  fluid  had  not  had  time  to  mix 
thoroushly  with  the  blood.  Be  that  as^  it  may.  the  phenomena  now  under  ilis- 
cuiision  can  undoubtwily  be  explained  on  a  purely  physii-o-chcmical  basis,  and 
cutiatitute  therefore  no  conclusive  jiroof  for  the  seeretiftn  hypotbrsis. 

2.  Likewise,  the  fact  emphasized  by  ITarnhnrger  that  the  osmotic  tension  of 
the  lymph  IIowihk  from  thy  lymphetica  of  the  extremities  imder  perfectly  normal 
eircumstnof^"  i'-  sreuter  than  that  of  the  bliHtd  from  the  rorresponding  arterien. 
is  not  a  r.  f  for  it  ia  coneeirnble  that  the  lymph  owe»  its  high  tcn- 

.jion  tr  lels  of  decomposition  from  tlio  tissues  (Koranyi). 

■r  to  bu  of  grenter  weiglil.    Then.-  i*  a  large  num- 
■hr  which  when  injocleil  into  the  bl<M>d  prmluce  a 

(  "1  of  lymph  ([leidcnhain).    To  thes(>  belong 
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curare,  pjttrarl^  of  crab's  mui«cle,  leech  extract,  dilute  Holutions  of  tftft  albiimia 
mid  |R'ptom',  iiiic.-l?iti  aufi  metabolic  products  of  Bacteria,  water  cxiruct  of  straw- 
brrri<?s.  etc.  TIil-  tteul  at  litis  iiiPri-aML-d  fonimlioii  iit  almu»I  ez(!lu4ivel.v  in  iho 
liviir  »tid  ihi*  prefiBiirp  in  the  livor  cftpillnrirft  shown  only  n  tpmpnrnrj-  riw.  Tho 
rauso  ill  ihj.'*  onsc  citiiucl  \m'  HDUx'hl  in  tin;  sort  of  KEtrution,  anJ  tiie  <>?iinutic 
prgcoHJK'it  cannot  play  any  part,  »iuc-e  the  ciuantity  of  injected  Hubftauce  ws» 
ttlwu.^'»  very  Ktnull.  It  in  most  natural  tlierefom  to  eouwivc  of  the  pn>itas  as 
secretory  in  nature,  unles-s  one  xuppn^cs  with  StnrlinK  that  the  liver  CApillarieit 
arc  injured  by  the  substance*  used  and  thuu  permit  a  freer  paMage  of  fluid — 
which  howt'ver  is  not  yet  prtiTe<l. 

The  How  of  lymph  from  tht<  frianduUr  organi*  ul  least  always  incn^SKPs  when 
the  Rlnndti  are  aclive.  Stimulation  of  the  (tnlivary  fclands  through  their  ttecretory 
nerves  for  example  ralM>»  the  quantity  uf  lymph  in  the  vejihels  of  the  ntx-k. 
Inj(H.'tion  of  sodium  tuurrK-holute  produces  a  copious  w-eretion  of  bile  and  tho 
lymph  strenm  in  the  lymphatics  of  the  liver  swelU  in  site.  The  same  ia  Inie 
when  the  formation  of  urea  in  the  liver  is  inteiisifii-d  by  the  injection  of  am- 
moiiiuin  tartnite;  unti  wc  should  probably  include  here  also  the  increaKC  in  the 
i|uantity  of  lymph  flowinn  thrmiph  ihi*  thoraeie  duct  durint;  digeslinn  of  protcid. 

According  to  Ashcr  and  Harlx-ra.  the  uctiirity  of  the  g'land  celU  is  the  pri- 
mary  phenomenon  in  thifxc  pro«'esne4>  and  the  inereaat'd  pnKluction  of  lymph  it 
only  seeondao".  It  is  clear  of  course  that  a  seeretinK  sland  must  rei-eive  more 
water,  the  more  aetivi'  \».  its  production.  It  can  be  easily  unden*t4iod  also  that 
a  certain  part  of  this  water  should  be  earriti!  away  by  the  lymphalie^;  the  only 
qucHlion  is.  What  are  the  forces  which  cause  the  increased  output  nf  lymphl 

TTere.  again,  one  may  conceive  of  an  active  participation  of  the  captllaiy 
endothelium,  uiitl  yet  the  pixtxibilil.v  vf  a  ch»n|[if  in  Ilie  niimolic  tenajon  uf  tho 
lympli  by  the  prvcees  of  »i>cr(>tion  of  such  a  nature  that  new  quanlitieas  of  lymph 
would  pass  out  of  the  etipilluric«  by  pure  oMmo^in  is  not  exclu<led,  A  definire 
decision  between  thc«>  two  explanations  is  not  p^msible  at  present,  because  exact 
quantitative  ileleniiiiiationH  of  the  osmotic  pn'iwijre  of  the  lymph  and  of  its 
i-hiinKri*  during;  secretion  are  wanting. 

4.  Not  only  water,  however,  but  salts  and  omanic  foodstuffs  also  pass  from 
Iho  blood  into  the  lymph.  Mere  apaiii  ihcoretical  explanation  of  the  pbenomena 
meets  with  certain  diffieulties.  The  metabolism  of  the  different  orRans  of  the 
body  differs  preatly  with  re«ppet  both  to  quantity  and  kind:  they  require  dif- 
ferent substance's  in  very  different  quantiliest.  A  milkinfc  cow,  for  example. 
secretes  daily  from  ihc  milk  g:lands  25  I.  of  milk  containing  42.5  g.  of  calcium; 
which  meaiis  thai  from  the  etipilluries  of  the  milk  fihimU  there  passea  a  much 
larger  ijunntity  of  calcium  than  from  all  the  other  capillar?  n-gionu  of  the  body 
put  loffcther. 

This  holds  true  with  reftard  to  combinationa  nf  itxline  by  the  thyroid  gland. 
The  thyroid  lakes  up  the  iodine  oecurrinp  only  in  exc«^ively  small  qiianlilles 
throughout  the  body  (the  blood  of  the  dog  contains  according  to  Glcy  and  Bour- 
eet  i>.01-0.11  mg.  of  iodine  per  liter)  and  stores  it  up  in  s  compound  very  rich 
in  iodine  (Baumann). 

The  different  organs,  therefore,  must  pc«»e«»  a  apfcific  power  of  stlectiont 
in  virtue  of  which  each  levies  upon  the  blood  for  the  constituents  neceaftar?  to 
its  activity.  Since  however  the  gland  cells  an*  not  attaohed  to  the  capillary  c^'lla, 
but  are  separatetl  from  them  by  lymph  spaces,  they  cannot  ihem.'U'lven  exerciae 
this  power  of  choice  but  must  delegate  it  to  the  capillary  cells, 

Cohnsteiii  rejoins  with  the  supposition  that  after  the  parenchyma  cells  of 
the  glands,  etc..  have  removed  n  certain  constituent  from  the  lymph,  the  latter 
receives  it»  replcnti^luucnt  from  the  blood  by  a  process  of  diffuaiuu.  au  that  no 
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delegation  ol  the  svIectivL'  puwer  ik  nvcwatiTy.  Hut  tu  tiiaki.'  tbis  suppu^ttiua 
valid,  it  must  first  be  shown  ihni  the  dietributiou  of  the  individunl  sub^tauece  Id 
the  lymph  of  r.hp  difFcrt'iit  nrgaii-t  m  the  name,  that,  fcir  example,  iixJinr  orc-iirH  in 
the  lymph  of  all  th^  organs  m  plentifully  as  it  dot's  in  that  uf  the  thyroid  gland. 
Only  when  Huch  proof  haa  l>ee>i>  fumishpd  can  we  reffard  the  asaumplinn  nf  an 
active  particiimtioii  of  tbu  capillary  wall  iit  llic  duHvcry  of  tht:iH!  liubi^taiiccs  as 
finally  refuted. 

5.  We  can  say  nothing  definite  at  present  coneorniiigr  the  entrance  of  prototd 
and  fat  into  the  lymph.  What  wc  know  of  liUratioig  eWwhere,  in  the  opinion 
of  the  author,  spealcH  very  deciei^'ely  agaitiet  the  assumption  often  made,  that 
we  arc  hero  de&UuK  with  a  eimple  physical  process  of  this  kind. 

To  sum  up  the  foregoing  dincUf'sinn  we  may  cay.  that  purely  pUyxxcal  forct* 
auch  as  difftrence  nf  pressure  and  f»f  osmotic  tension  are  not  of  themxelvea 
sufficient  to  explain  all  the  phenomena  ineident  to  the  formation  of  lymph. 
At  present  we  are  forced  lo  jtuppohe  Ihat  llie  living  captHitrt/  wall  parfictpatrs 
in  the  formation  liy  some  sort  of  n  secretory  process.  This  does  not  exclude 
the  purely  physieal  factors,  although  we  cannot  as  yet  distinguish  what  part 
Bhould  be  ascribed  to  them,  and  what  to  the  vital  activity  of  the  capillary  wait. 

If  thi«  view  be  correct,  it  follows  that  the  capillary  wall '  can  be  thrown  into 
action  by  the  mo«t  dilTen;iit  suhKliineeH,  iiH-lutliutr  Ktieh  m  art-  present  in  the 
normal  eompo^^ition  of  the  hlootj ;  also  that  the  eapillnries  in  the  cliffereul  orirana 
are  different  in  certain  respects.  In  gem^rul  they  riffer  a  certain  resii^tttHee  to 
the  pfl.'wnKe  of  water  and  other  (•iihslHiitvs,  but.  after  death  or  under  certain 
abnormal  eoiiditiim»— e.  k..  venous  stasis,  pnisouing  with  ehlomform,  chloral,  and 
ether  <Muiinu!s) — this  resistanee  ib  more  or  less  redueed.  llambur)^-r  iteeau 
even  to  ais-iumc  that  the  increased  r>uTflnw  of  liquid  in  venous  ataaie  is  caused  by 
the  stimulating  action  of  lymphngoytc  Kubiitance,^  collected  in  larger  quantity. 
The  fottowinn  [ihenomenon  observed  by  Ilambunier  mny  be  mentione«l  in  this 
connection.  If  a  horse  with  hi»  head  |>erfectly  quiet  moves  his  leg*,  tht-  flow 
of  lymph  in  the  eervical  lymphatie  trunk  incn-ases.  We  probably  have  to  do 
here  with  an  exc-itatinn  nf  the  vnaculor  wall  indueed  by  Boma  pntducl  formed  in 
the  worltinir  mn.-i<'le3  and  given  off  to  the  blood. 

Againnt  the  Renern!  view  which  i«  KJven  most  prominence  here  it  might  he 
objerted  that  the  capillary  wall  is  bo  thin  that  it  ik  bound  lo  permit  a  plentiful 
filtration,  and  that  this  physical  process  must  therefore  play  a  much  greater 
part  than  has  here  been  aBsuraed.  It  appears,  however,  that  other  living  animal 
membranes,  if  they  are  nninjured.  do  not  permit  any  filtration.  This  is  the 
rase,  for  example,  with  the  lung  of  the  frog,  and  with  the  membrane  of  De-'M-emet 
(Leber)  in  the  eye.  When  they  have  be«'n  killed  the.v  filter  vepy  well;  but  in  ihc 
living  state  they  do  not  let  a  clnKle  drop  of  an  inrlifferent  liquid  paws  through. 
The  thinness  of  the  capillary  cells  signilies  nnthing  against  the  a^iiumption  that 
they  can  derelop  n  powerful  secretory  aetivity.  They  are  thin  becauw  they  live 
immediately  in  the  blood  and  hence  need  not  maintain  a  reserve  store  of  material 
within  their  own  bordera. 


* 


1 4.    THE   LYMPH   GLANDS 

Our  infonnation  as  to  the  functions  of  the  lymph  glands  is  at  present 
very  mragcr.     From  what  we  know  of  the  lencocytes  on  other  grounds  it  ig 


'And  poaubly  the  wall  of  the  lymphatic  veaKk;  Me  note  page  347. — ^Ed. 
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conceiTabli!  Lhst.  the  ^'tntiils  c-hango  the  Aiiht;lanrcfi  in  Itio  li<|uiil  flowinf^  thmugli  ^M 
them  in  soiuy  way.    From  llie  fact  that  lliuv  swell  up  under  various  jialtiolog- 
ical  conditions  we  may  hIso  conclude  that  (lit'y  retain  injurious  Dubstance^  to 
some  extent  and  tliu^i  prevent  their  entrance  into  the  Moik)  ettrcam. 

If  the  nffrrent  nud  efferent  vcwtels  of  &  lymph  fflund  be  tied,  but  the  blood 
VCMpU  be  left  oi»oii.  ih*?  leucocj-tes  in  the  inland  disappear  (Koeppe).  From 
this  it  would  M>em  to  follow  that  the  lymph  eoiii>titute8  a  Btimulus  for  the  lyiuph 
Rlniid,  to  which  the  lutter  rceponda  by  the  formation  of  leuRucytea  (Asfaer  and 
Barbers). 

g5.    ABSORPTION   FROM  SEROUS  CAVITIES 

Dissolved  Rubfttonera  as  well  as  water  can  pa*»  from  the  lymph  into  the 
blood  vestaeU,  This  we  know  Itectiusp  solutinna  injected  subriitaiH-onHly  or  in- 
jected without  injury  into  the  bliM>d  vtiist-In  of  a  limb  which  is  w)nne<.'t»-d  with 
the  roet  «f  the  body  only  by  means  of  the  blood  Teasels,  ore  completely  absorbed 
{Mnin-ndie). 

SiibKianct-B  cai)  also  bn  ahmirlxHl  fn>m  the  nemuR  eavitira  of  the  body,  niieh 
flj)  ihe  peritoneal  itpaee,  the  pcneardinl  eavity,  pleural  earily.  i-te,  A  fluid, 
whether  aertiu*  in  chunieler  or  not,  and  whatever  ita  origin,  wht-n  injected  into 
9ueb  a  euvil.y  i»  tilways  fint  renden.'d  iHutonic  with  the  blu<K]  plusmu.  If  it  be 
hypertonie — as  e.  r.  a  two-))er-eent  solution  of  NaCI — to  befriii  with,  tt  is  diluted 
by  the  addition  uf  water  until  it  haw  exactly  the  oKmuiie  prengun-  of  the  bliKxl 
plasma;  if  it  be  hypotonie — e. jr.,  a  0..1-per-eent  wiliitinn  of  XaCl — it  Inswa  water 
until  it  liiu  the  OTtnintio  tension  of  a  0.92-per-eent  XaCl  solution,  and  then  in 
either  case  remains  at  this  eoni^ntratlon  nntil  absorption  is  eompletc. 

These  ulierationa  of  the  osmoiie  pressure  are  unquestionably  to  be  referred 
to  osniotie  proectses  ^oinp  on  between  the  injected  fluid  and  the  blood  plasma. 

It  miffht  be  very  naturally  supposed  that  ahsorption  from  these  eaviticB  take* 
plare  ihrouKh  the  lymph  spnees  which  open  int«  them,  and  in  the  ea»e  of  the 
pleural  cavities  and  the  peritoneal  space  this  Beetns  to  be  quite  readily  demon- 
strable. But  absorption  fruin  the  uIkJouicu  and  the  thorax  enn  take  place  alwo 
ibntUKb  tlie  biotKl  vessels,  and  in  fact  the  latter  licem  to  play  the  chief  rule  here. 

Now,  since  the  blood  vesitels  can.  as  may  be  atuumed  without  definite  pnutf. 
absorb  tluidx  isotonic  with  their  contents,  oih*  would  be  inclined  At  once  to  arieribc 
the  (irlion  to  some  si)eeific  vital  activity  of  the  endotheliii!  celln.  But  the  B»r- 
prisinK  Ihing^  is  that  absorption  from  these  cavities  can  take  place  to  abtmt  the 
same  detoee  in  dead  aaiiuals  oa  in  live  one^.  Active  cells  therefore  are  uut 
esHcntial  to  the  process. 

There  remains  to  he  mentioned,  besides  the  jtroccaaca  of  difFiuion  ond  the 
attractive  power  of  proteiU  for  water  (cf.  pajie  154),  the  pron***  of  imbibition. 
All  li)uuet>.  livinn  as  well  as  dead,  have  (he  power  of  taking  up  fluids  either  by 
moK^'ular  imbibition — i.  e,,  of  absorbiiitf  fluids  Ihriiutrh  honioKT-neous  gubstauee 
— <ir  by  capillary  imbibition — i.  e.,  through  iliscrete  pores.  Hamhui^er  suppoem 
that  by  inibibiiion  of  the  first  kind  fluids  are  ab^rbcd  by  the  bomngeneoiu 
cement  siilkstance  belwei^n  the  endolhelial  ceiU  liuiiiK  the  |MTiloneuin,  and  that 
by  the  Btttnc  process  the  fluid  is  paswd  on  into  the  subepithelial  connective  tissue. 
Also,  that  the  cement  sulwtance  between  the  endothelial  cells  of  the  capillaries 
acts  in  the  same  wny,  and  by  rnCNnv  of  the  minute  tumtna  of  the  captllariea  an 
imbibition  by  capillarity  assists  in  draiiiinK  the  abdominal  cavity. 

This  [Kiwer  of  imbibition,  however,  is  limited  au<l  would  trUHUi  <'<iTne  to  a  slop. 
BiDCo  a  Ktven  volume  of  tissue  could  only  take  up  a  certain  quantity  of  fluid. 
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After  a  time  a  plethoric  state  would  be  reached  which  would  cause  sta^ation 
unless  the  fluid  entering  the  capillaries  were  rapidly  drained  off  in  the  blood 
stream.  In  fact  it  is  found  that  perfusion  of  fresh  serum  through  the  blood 
vessels  of  a  dead  animal  accelerates  the  process  of  absorption  very  materially. 

Besides  we  are  not  to  suppose  that  the  mechanisms  here  spoken  of  are  every* 
where  the  means  of  absorption  of  fluids  by  membranes,  for  it  is  fairly  certain 
that  in  the  absorption  of  substances  by  the  frog's  skin  the  epidermal  cells  take 
up  the  substance  from  the  outside  and  pass  it  over  into  the  inside.  A  surviving 
frog's  skin  placed  between  solutions  of  KaCl  of  equal  strength  will  take  up  salt 
from  the  outside  surface  and  pass  it  through  to  the  inside  surface — a  thing  which 
does  not  occur  in  the  dead  skin.  Similar  phenomena  have  also  been  mentioned 
in  connection  with  the  absorption  from  the  intestine  of  mammals  (page  301). 

Solid  particles  also  like  milk  droplets,  carmine  granules,  etc.,  can  be  absorbed 
from  the  serous  cavities  probably  by  way  of  the  lymph  spaces.  They  can  also 
be  ingested  and  carried  away  by  leucocytes. 

Our  conclusion  must  be  that,  aside  from  the  passage  of  fluids  into  the  open 
channels  [if  such  there  be;  cf.  note  page  347]  communicating  with  the  serous 
cavities,  the  purely  physicochemical  processes  of  diffusion,  chemical  attraction, 
molecular  and  capillary  imbibition  go  far  toward  explaining  the  absorption  of 
liquids  from  those  cavities. 

Hkferences. — Alexander  EHinger,  "Die  Blldung  der  Lymph"  in  "Die 
Ergebnisae  der  Physiologic,"  I,  1,  1&02. 


CIIAPTKU    XI 

THE   ISFLUESCB  OP  THE  OROANS  US   ONE  AXOTUBR 

Altiiol'uii  the  intlividunl  organs,  and  indeed  the  individual  cells  of  the 
MotiizoB,  carry  cm  their  life  to  a  certain  cxtvnt  indep<'ndfritly,  thpy  aw  in 
many  ways  dependent  nn  one  another.  In  tnilli  it  is  only  by  this  mutual 
rolalioDKlii]!  (}iat  the  activity  of  (lie  numlt^rlcM  minute  parU  can  re«aU  in 
tlic  life  <jf  the  wlinli-  UiAy. 

This  inti'rdcjM'ndencH'  of  tlic  individual  parts  of  the  hoiiy  in  madi;  efTectivc 
primarily  tlirough  the  nervous  syplem.  There  occur,  however,  between  the 
separate  nr^'aiis  many  reciprocal  inHuenees  more  or  less  independent  of  the 
rierviniM  cy^lt'iri,  wliieh  an'  of  v(Ty  great  iinportance  for  the  fiiiiclioiis  of  lh« 
hody  and  which  parlifipate  largely  in  the  rc-gulation  of  its  mechanii«niK.  Hero 
belong  oftmotie  proecftceH  hrnughl  about  by  alterations  in  the  ceils  or  in  tho 
lymph,  and  the  inthienee  which  different  organ*  exereiBO  on  one  another  by 
mcan.H  nf  produi-tti  foritied  in  tliuui  and  delivered  to  the  liquida  of  the  body. 


^  1 .    THE   OSMOTIC   PHEffOHElf A 

Alt  the  cells  e.f  the  hnily  art-  |wrmfnhlp  to  wnlir,  iillbi>tif;h  some  of  ihem 
iin-  t>t'riti<-iil>k-  onl.y  in  nnc'  directinii.  If  mIIh  wc>n>  ripitbtT  sddtf]  to  nor  ItmC 
from  the  biidy.  in  tinip,  by  the  absorption  and  elimination  of  water,  the  ^anie 
mruolie  |>re»»ure  would  comu  to  prtn'ail  not  nid.v  in  uU  the  vellit,  but  thruuKhout 
nil  free  liquids  of  the  body.  After  the  exebaafn*  between  water  and  the  uttimate 
partii'lo*  of  salts  had  ended,  nn  etiuilibrium  would  everywhere  be  eatabliebed 
betwt'i'-ii  llti'  t'otilf^nls  (if  thfeclU  niid  ihi'  li<iu)d  luithiiif;  llie  neJI. 

This  eondition  of  abwdute  equilibrium  of  osmotic  pnwsure  witbin  the  wholfl 
onianitim  would  ccaac  however,  and  in  fact  would  txa^  all  at  once  for  the  entire 
aystom,  the  iiiKtant  the  (ismotic  pn-wupi'  at  any  one  pinee  were  changrtl  by  the 
solution  or  by  the  deposition  of  new  molecules.  If  the  osmotic  pre»«urp  in  a 
cell  be  raised  by  an  increase  in  the  number  of  molcculoa  dia^ilvcd  in  it,  the 
followkOK  phenomeiin  may  ensue:  (1)  if  the  cell  wall*  are  perfectly  permeable  to 
aalt  moleculeti,  the  latter  in  their  endeavor  to  diffoee  uniformly  wiU  wander 
out  of  the  cell — i.e.,  will  lieiake  tliemselvea  from  a  place  of  hiRber  eoncentratioo 
to  a  place  of  lower  «n til  eqiiitibrinm  n^nin  pn-vnils  t-Tcrywheie;  (2)  if  the  eidl 
wall  is  impi^rnicflble  to  ibt'M'  molM'ulei>,  then  in  their  endeavor  to  diffune  they 
will  exert  a  pn-suure  u[>ou  Ihc  wall,  and  water  will  pasn  from  the  surrounding 
medium  into  ihe  cell.  In  thin  way  the  liquid  in  the  immediate  ueitibborliuod 
of  the  cell  becomes  more  concentrated  and  now  acta  in  turn  to  draw  water  toward 
the  periphery  of  the  cell.  The  morempnl  nf  water  lhu«  set  up  continues  until 
the  difference  of  pressure  become*  too  small  to  be  effective.  A  third  c«»e  still 
is  conceivable,  namely  that  the  cell  wall  i»  not  ubauluicly  penncable  to  the  salt 
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innleculpfi,  but  only  imperfectly  bo.    Then  nn  eroifrratioii  of  sftlt  molecules  at 

imtnigrolion  of  wot^r  molocules  will  take  placid  simultancouKlf. 

AccordiiiK  lo  the  fureir'iii'K.  'I'l'  I*'*"!  ehaiiftt;  in  tlie  uiiincilic  prtwBurv  of  a 
eiDRle  cell  will  result  in  a  movement  of  sutstniice  of  some  kind.  Fnr  a  cfim- 
I»lt'X  of  fells  llu-  inirrentg  of  the  icidiviclual  cells  will  In-  adilwl  Lojrctlii'r  if  they 
pmoPcJ  ill  the  Atitiic  direction;  Ihcy  will  wi-aki-n  nr  eiilin-ly  iit^utraliz*.-  caoli  other 
if  they  prooeed  in  opponite  directions.  We  mu«t  tbluk  of  the  entire  OTgan\»m 
therefore  a*  permeated  by  uumberlest;  currents  anil  counter  curtents.  Never 
during  life  iran  there  be  n  moment  of  eompleto  equilibrium,  and  yet  there  ifl  a 
eoiiatiint  endeavor  to  reach  thia  condition.  Thua  wc  mlf^ht  eitpeot  a  pri/ifi  what 
is  abundantly  confirmed  liy  experi<'nee,  that  the  nnmotic  [vrifMurL-'ii  of  the  diffen-nt 
lluids  of  the  body  are  approximately  the  same  thnodh  never  exactly  so.  In  the 
same  way  the  osmotic  pressure  uf  the  same  fluid  will  uut  alwaj-a  be  uuifonn, 
but  will  Tury  within  narrow  limita  (Kueppe). 

§2.    INTERNAL   SECRETIONS 

A.    GENERAL 

The  orgrans  affect  one  another  in  many  ways  by  menns  of  iheir  melnhnlic 
products.  Carried  by  the  blood  to  hU  parm  uf  thi'  body,  tlieHC  prudueU  act  either 
to  heighlen  or  tu  reduce  the  activitieH  of  the  other  orgBnn. 

The  .'to^'-filled  aulomntic  excitation  Ccf.  page  52)  by  the  action  of  dcctuniKi- 
aition  producia  of  the  org^na  on  different  part:*  of  the  central  nerrouH  xyateni  la 
of  vn»t  iuiportatice  in  4lie  rcKulaliou  of  the  physiological  uetiviticB  of  the  body, 
and  (8  tg  bo  mentioned  first  in  this  connection  <cf.  also  Chapter  XXIT).  For 
(Aaniplc.  when  by  the  activity  of  the  digCHlive  iippiirntiis  protind  in  inrrc>a«iid 
<)iiiiiitity  la  thrown  into  the  bloiKl,  and  the  pmleid  dc»lruclii.in  in  the  bo«Iy  rirt** 
as  B  (.'onwqiienee,  the  effect  in  all  probability  is  due  to  the  direct  influence  of 
the  proleid  and  its  diKee>livo  pri.>diiet3  ou  the  urjiaus — i.e..  the  activity  of  ibc 
di^tcHlive  apparatus  has  brought  alniut  an  inerenflc  in  the  decompnnitions  of 
the  body  without  the  coilpemtion  of  the  nervous  ayatcm  (cf,  paffc  Bfl). 

VarioiiA  products  of  the  deconiposition  of  proteid  formed  in  the  different, 
parts  of  the  body  are  carried  by  iho  blowl  to  the  liver  and  there  are  transformed 
ititu  urea  (cf.  Chapter  XII).  With  more  active  detntruction  of  proteid  urea  is 
formed  hi  lartccr  amount  and  thiu  ac^cordin^  to  our  pre&cnt  infomwliun  etimu- 
lutes  the  kidneys  to  increaeed  activity   (cf.  Chapter  XIH). 

The  organs  uct  upon  one  another  not  only  hy  their  katabolic  products,  but 
iil!*o  by  substances  formed  syntheticflllv  in  some  nrjianx,  which,  enterinp  the 
blood,  prnfouudly  influence  the  general  bodily  functions.  Such  substances, 
the  chemical  nature  of  which  is  for  the  inoet  part  entirely  unknown  to  us, 
are  formed  by  Ihc  testes,  ovaries,  thyroid  Rtand,  panoreasi.  and  adrenal  bodies, 
probably  alHO  by  the  pitnilarj'  body  and  the  kidneys.  It  in  very  likely  that 
sneh  internal  necrttioji*  ( Brown- S^quard)  are  formed  by  other  and  perhaps 
by  all  organti. 

Strictly  speakinji,  the  cm^ymci  formed  in  llie  different  oryans  belong  here. 
Since-  their  importance  for  the  neneral  procwses  ef  the  body  has  not  been  CKtah- 
li»hed,  we  shall  not  consider  them  here,  but  shall  mcrciy  refer  io  the  facts  alread^r 
cited  at  pa^  38. 

fn  the  ittve^ligation  of  these  internal  secretions,  workers  have  often  l)een 
»ntent  to  test  the  action  of  organ  extracts  upon  the  btnly.    This  method  of 
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experiment  of  iteelf,  however,  does  not  preclude  the  possibility  that  the  active 
fonfiiitiientj*  of  the  extract  are  prodacts  of  po«t-morteni  chanjfps  and  have 
thereffire  no  ri'fl!  niKnifiratice  normally.  In  onler  to  cKtaliliwli  thn  pmiciicc 
of  au  internal  sec-rctitjn,  one  must  demonstrate  tliat  the  venuun  bl<KMl  (lowing 
from  tho  nr^ran  e-xerciscs-  a  specific  influence  npon  the  iMidily  functions,  also 
that  the  extirpation  of  the  organ  prcwlurcs  ilisturhanccs  which  are  not  due 
to  accidental  lettiontt.  and  which  eventually  disappear  on  traiuplantatioD  of 
the  oi^an  or  upon  administration  of  ita  extract. 


B.   THE  TESTES 

1 1  ha.'*  hin^'  lieen  known  that  raxtration  producosi  a  peries  of  profonnd 
eliangi-K  in  both  men  and  animals.  A  steer  which  has  bi<cn  eii-'>lrati.-d  IokOj) 
the  vehement  «lren^th  of  the  hull  and  hwomcs  a  relatively  tractahle  and 
pquiet  animal.  If  a  boy  he  cohiratod,  hii^  voice  itne^  not  chanffc  aa  it  othcrwiw 
■irould  At  ]>ub(>rly.  but  retain*  more  of  the  hi|j|h  register  of  tho  chiMii-h  voice. 
Tl»!  iiowi-r  and  fiirliirancr  of  the  eunuch's  muiwles  are  not  those  of  a  fully 
RTowu  man.  but  are  as*  a  rule  soft  and  flabby.  His  body  frequently  ha^  a 
hlonlcd  appearnncc  and  U-comcs  very  corpulent.  The  amount  of  oxygen  ab- 
Mrbcd  al.-^o  declines  after  i-astralion.  Aside  from  thfir  sexual  functions,  which 
call  forth  profnnnd  physical  and  jwychical  phenomena  at  ihe  lirao  of  sexual 
heat,  tho  tcatm,  therefore,  exercise  a  Tcry  marked  influence  over  the  entire 
body. 

Ii  mifiht  be  bupihwcc]  that  this  influence  is  mediated  in  ffome  way  b.v  tho 
afferent  ncrrra  of  the  testes.  T^ut  even  if  this  were  true— and  we  dn  not  know 
that  it  is — still  nther  circumstance*  would  have  to  be  considered.  If  both  testes 
be  removed  from  a  very  youu«  cock,  and  pivcca  nf  thvm  kf>  iirnfl»l  into  tho 
abiluminal  fuvity,  thi'  wcondarj'  sexual  characters  which  arc  othf-rwisc  wanting 
after  ca.'^trnlion  make  llicir  a]i|)Cflrniice  much  as  luunl.  Since  tho  tf-tU's  n-oro 
in  this  caw  cntirply  sopnrated  from  thi-ir  nrrvoiis  f^mnrt'tinim,  tbf^ir  tiifluc]ur« 
can  only  bo  explained  from  ihe  vJeirpoint  of  an  iritcnisl  secretion  (Fo^rm), 

The  compounds  Riven  off  to  the  body  arc  pn^bably  the  same  as  the  active 
cnnsiiiueuts  uf  a  (il.vocnn  extract  of  the  Icstis.  the  subcutaneous  injection  uf 
which.  HccordiiiK  to  Bniwn-Si^quHrd.  raises  the  tonus  and  power  of  the  neuro- 
muscular mcchnnisnui  and  itcXA  favorably  upon  the  bodily  conditions  in  ^ricral. 

On  ihf  b«"is  vf  Brnwii-Soijiianl's  n^YHniiiiH-iiiliitiiin,  tCMticulnr  cxtrat-t  has 
found  a  very  extensive  use  in  the  treatment  of  vsrioua  forms  of  weakufss.  Ic 
was  often  assumed  thai  the  unquestimiably  favorable  effects  were  psychical,  for 
it  in  well  known  that  verj-  oftrn  a  medicine,  of  itst'lf  alwolutdy  wilhoul  cfTi'Ct, 
produces  a  vcr>'  mnrlct-d  improvement  or  even  cures  all  sorts  of  nrrrous  dia- 
orders  if  only  the  pntient  is  convincwl  iH'forchaud  that  he  will  be  cured.  It  haa 
bwii  shown,  howi-ver.  by  means  of  experimcutv,  which  apjiear  l^>  hv  entirely 
trustworthy-,  that  llic  extract  really  favors  the  action  of  mnsRular  exercise  either 
by  raising  the  power  of  ihc  neummuacular  apparntiis.  by  dimiiilshinir  its  exhaus- 
tibility  or  by  improvinji;  its  ability  to  recover.  This  effect  Isalu  for  a  hmp  time 
after  fhe  coriehmion  of  exercise  Jiiid  after  the  injection!*  have  ceased,  and  dia- 
apijcars  v<'ry  Kra.Jually  (Pre-trl  and  Zoth).  Kven  on  the  isolated  heart  perfused 
with  blood  testieular  extract  exerts  a  distinct  and  powerful  effect  (Hedbom). 

The  active  sub'-taiiw  of  the  extract  has  not  yet  licen  isolated  and  Ir  known 
only  in  solution.  The  seat  of  its  action  in  favoring  muscular  cacrcisc  is  not 
definitely  known,  but  is  probably  central. 
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C    THE  OVARIES 

JuKt  a*  rciHoral  of  tlie  testes  jjroJutvff.  iiix-|>-i^eato«]  t-hanges  in  the  male 
organism,  tho  failure  of  tho  ovarial  function,  wlictlii*r  by  rtaching  the  climac- 
teric or  by  artiticial  removal  of  tlie  ovariet.,  is  signalizL-d  by  a  serieti  of  dis- 
turbances— cardiat;  palpitationti.  sweatings,  vertigo,  and  tho  likt.- — which  can- 
not be  due  to  the  c^Msation  of  the  st^xual  activity  nlntic.  Since  nn  ovary 
ctmiplctely  iwilatc<l  from  itc  nftrvyut^  coiini-ctiiTiiK.  mul  engmfterl  into  some 
other  part  of  tlie  body,  prei-ent-(?  the  atiT>phy  of  Ihv  othiT  sexual  organs, 
including,  the  mammary  glands,  and  preventjt  the  failure  of  mt'n^tniftlion 
(Ilalban),  it  h  evident  that  the  intliienee  licre  t^pokea  of  cannot  Ite  due 
exclusively  to  the  nervous  relationships  of  the  organ,  l>ut  that  we  have  to  do 
again  with  an  internal  Kivrctiun,  the  removal  uf  which  cautvea  the  diftturbunccs 
alluded  to. 

It  18  often  staled  by  gyueeolo^ials  that  ca»tratii)ii  itf  the  woman,  exactly  as 
in  mflii.  is  in  many  rases  followed  hy  pronouneed  iHirpuh-ney,  whieh  indicates 
that  metnh<ilism  dcolines  aftr-r  the  opcrutiun.  This  conelusion  i«  cnnfirmrd  by 
a  writs  lit  rxju-rimc-nls  on  fasliuK  lUttc*  by  I>x>w.v  and  KichtL-r.  After  removal 
yf  tbf  iiviiry  the  c<)iiHUni|jti(in  nf  ux.vfteii  fell  cuj  rlie  aver»)(«  twelve  per  cent, 
whereaK  feeding  the  castrated  femulee  with  ovarial  substance  raised  the  inetnbo- 
Ihm  aftiain.  in  some  ca!!e»  above  the  oriKinnl  level.  The  ovarial  subi'tance  hat) 
no  inflneofe  nn  the  melalxdism  of  nonnat.  nuiieastruled  male  or  female  unimals; 
but  on  caatroted  male  animals  itrt  aetioii  is  iiilenBe. 

How  thi.s  sulitituuce  niiscti  metabolicni,  whether  becauite  of  an  im:rea«ed 
muwnlar  tonus,  or  muscular  activity,  or  in  some  other  way.  nothing  cau  bo 
t»aid  at  pri'^senl.     We  only  know  that  the  destruction  of  proteid  appt-ars  to 

auller  no  change  under  its  influence. 


D.    THE  TBYROID  GLARD 

Exact  knowledge  of  the  physiological  purpo.-ie  of  the  thyroid  gland  dates 
properly  from  1883,  wh«i  J.  L.  Beverdin  drew  attention  to  the  profound 
disturbances  which  follow  total  extirpation  of  the  glanj  for  goiter.  Shortly 
aflerwuids  Ko<!ier  and  Keverdin  |hjiiiIih1  out  the  gn-al  tiiniihirity  of  theae 
changes  wiih  the  fomple.x  of  i-yniploiiw  which  was  first  deafcrilted  by  Gull 
(ISt.l)  and  naniL-d  hy  Onl  niffTO'dema. 

The  conlriliiitiim  of  Keverdin  induced  Schiff  to  take  up  again  certain 
experiments  on  the  extirpation  of  the  thyroid  in  dogi*  which  he  had  carried 
(jut  as  far  back  as  ISSfl,  Iml  which  had  remainiil  tinnotiwd.  (hit  of  [>(•  dogs 
operatiil  im  by  Schiff,  59  died  within  four  weekc.  From  this  time  on  spirited 
efforts  were  made  to  throw  light  on  the  function  of  the  ThiToid  gland,  and 
all  ohserren*  reaehwl  the  Mme  result:  that  itn  removal  frnm  the  dog  led  to 
a  fatal  end  within  a  few  days  or  weeks;  that  in  man  its  removal  caused  very 
considerable  disturi»aneej'  in  the  nutrition  nf  thp  body:  al-^o  (hat  younger 
individnals  succumhed  to  the  n|H!ratinn  more  quickly  than  older  ones. 

It  has  sometimes  been  assumed  that  the  ros-ulting  symptoms,  which  will 
lie  diacu*«ed  more  fully  pnvetitly.  are  canseil  hy  the  incidental  effects  of  the 
o|H'ralinn-  But  this  is  certainly  not  correct.  The  whole  operation  can  be 
carried  oD  in  the  roughest  possible  manner,  and  the  animal  will  show  none 
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of  the  characteristic  niymptomB  if  one  faila  to  rvmore  the  glaiMls  (Fano). 
If  ou]y  n  ptiri  of  ilic  KlftnJ  is  left  the  «ympti>m»  Jo  nut  appear,  but  hyficrtrophy 
of  the  part  remaininj;  lakes  ptace.  The  (liscfl.*e  of  inystpiJema  in  man  alno 
speaks  agaiiml  »mcli  u  view.  .\jul.  finally,  it  ij*  i-outmvi-rttil  ah:«)lulelv  liv  the 
fad  that  iniraperitoneal  grafUnn  pfotecti*  the  patient  frnm  th«  con»e(|Uem'Ps 
of  ihyrniilwlomy  m  long  as  the  Irantiplantpd  gland  conlinuen  to  U-  functional 
(v.  Kiwiberp) ;  if  it  atrophic*,  the  iisiial  syinptomc  appear. 

Likewise  liv  siihruiant'oua  inject wn  of  Ihymiil  extract,  m  well  as  by  ad- 
miniittralioti  of  tliyroid  jppcpnrntinni*  by  the  -trtmnfh  f  Hoirilz).  tho  --amc  favor- 


FlD.  Ifl7.— A  myxwdeninUni*  wnnun,  kftcr  J.  A.  AnderHoa.     A,  tWura  trtwtswni.     B,  atier 
•even  montha'  IrMtment  wilb  ibynHil  «Klnu:t. 


able  effect  is  ohtnined — i.e.,  the  harmful  rffcrts  of  the  n^nnval  of  Ihc  Ihvroid 
caD  be  prevented  by  artiJleially  inlrotlucinj;  thyniiil  Hiihstaiicc  into  the  liody. 

It  hnppcns  except ionally  ibnt  a  ilo^.  after  extirpation  of  liK>  thyrttid.  is  not 
attaclM'd  by  tbc  uaurI  Bympti*m».  In  thin  case  thtrro  urt-  probuUy  acctTWory 
tbyroida  which  have  taken  up  the  function  of  the  main  ^land. 

The  difiltirlianciTt!  appearing  after  extirpation  of  the  thyroid  afTivt  the  mo»t 
widely  dilTi-rcnt  ori;nn  iiyAteiuK  of  the  body.  We  »hall  now  isuininariu.*  theiu 
briefly  with  t!p<>cial  reference  to  their  appearance  in  man. 

The  akin,  cKpectally  of  the  head  and  face,  become*  Krcally  swollen  (T'\(t. 
137,  A)  because  (»f  an  accumulation  of  mucin  in  the  Kubcutaneuui*  <^mn<vtirc 
tisHuc.  In  Inter  HtaKen  of  the  disease  the  muHn  decrpHHP!t.  and  atrophic  cbaufn-a 
of  the  ponniM'tive-lifwue  fibers  appear  along  with  p^ncral  emaciation.  The  skin 
bocomen  hard,  rough  nnd  dry;  its*  wyretton  ccaAcx;  the  hntr^  change  and  fall  out: 
thf  visible  mucous  meinbrancn  becomf  swollen;  and  the  voici'  l)Ccomrt  bnr«li 
and  monutoQous.     The  internal  organs  exhibit  marked  patbolofttcal  change:*; 
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the  kidnt-ys  and  the  liver  undergo  iatty  nn(t  coUoidnl  degeneration,  and  the 
arterial  walls  «  hyaliiif!>  dtig»n*.-raliun. 

MetnWlijsni  in  abiioruially  luw;  in  ouv  uf  ihe  iialiouls  invcstittated  by  J.  A. 
AndrrKAuti  it  amuuiitul  on  tin:  avi-mtfc  lo  only  aboui,  1.20O  Cal.  \)vt  day — i.e., 
18.«  Cal,  iMT  kiloirrAin  of  body  weight.  The  appetili>  is  poor  nnt!  ihe  ulilii^ation 
of  foodBtiifffi  U  below  the  normal.  On  the  other  hand  nti  noteworthy  diauge  is 
DbM-rvi>d  ill  the  rate  L>f  iht-  puUi*. 

Th<'  diHturban<-<'K  <if  the  nervous  and  muRCuIar  syBtt-ma  are  very  marked. 
In  the  inoiikcy  the  individual  oontraclion»  of  the  museles  9uee«y>d  eaeh  other 
after  thf  nsiinl  manner  of  clonic  convtilsinna;  then  eoine-i  a  Hiimmaticin  of  con- 
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Flo.  laSu — A  cn^tjnoiis  child,  after  Holl.     A,  iwrnly-thw*  rontitha  nlil.  previmia  to  trp&tniMtl. 
H,  aflfir  HtK  mnntlia'  l.rpjitiii'niit  with  Ihynfii)  «iicT.rni)t- 


tractions  nnd  after  iHir  tetanualike  spni^mi*,  ending  finally  in  oomplule  rifcidity 
and  contracture,  licsides  llifw.  indications  of  reduced  nervous  activity  occur 
in  the  form  of  paralysis  nnd  Rnn-^theftia.  Tliyniidt-<>ti>my  not  infrequently 
brinfiTB  on  fiinrttoiud  iiuuruscs,  such  as  epilepsy,  etc.  These  riisr.rders  are  not  of 
peripheral  orijtin.  for  they  are  wanting  after  section  of  (ho  motor  nerves;  on 
the  oilier  hand  thuy  are  not  aboHsbed  by  scraping  off  ilie  motor  zone  of  the 
cerebral  cortex.  The  point  of  diBchargT  of  impulses  for  ihe  muscular  eonvul- 
Bions  appeurs  therefore  to  lie  in  the  lower  parts  of  the  central  ncn'oua  system, 
although  ihe  hiKher  nerve  centers  are  not  in  a  p«"rf«'ctly  normal  condition,  ftS 
judKcd  by  hialological  appearauces  after  extirpation  of  the  thyroid.    This  appears 
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also  from  the  fact  that  the  motor  cortical  fields  soon  become  fatigued  b;  elec- 
trical fftimulatioi).  uiilil  in  the  later  fitnKne  of  the  disc-use.  when  the  voluntary 
movemcntH  become  extremely  alow  and  imperfept,  tttimulation  pdhIupto  no  vh- 
ible  effect  at  alL  The  same  is  true  aUo  with  utimulation  of  the  corona  radiata 
and  of  th«  apiiiul  curd.  At  the  height  of  the  convulsionv.  on  tlie  contrary,  th« 
excitability  of  the  entire  ncrvouB  system  in  plainly  inrrcasod. 

Again,  all  Ihcte  phtia  af  the  hnitii  which  are  active  in  the  psychical  fnnc- 
tion»  become  functionally  nnlueed  by  extirpation  of  the  th,Troid.  In  mrxaMleniB- 
tou9  i>Htienl9  wv  meet  with  vmak  uiemur>',  extreme  irritability,  atupidity.  etc. 
which  in  turn  Hnd  rxprentiitin  in  a  decline  of  muscular  tone  and  in  the  vigur  uf 
the  bcidily  niovemen1«  generally. 

l-'inally,  rljsturbnnces  in  the  temperature  and  the  heat  regulation  of  the 
boily  arc  Mvn,  A  eunsidcrabit*  rise-  in  lempcrHture  ha«  very  often  been  observed 
during  the  heiRht  of  the  muKcutar  conrulsion;  but  when  this  stage  lins  patMcd 
B  decided  full  eu»uea— iu  the  monkey  tu  S3°.  In  man  also  the  subnormal  tem- 
])erature  ia  om>  nf  the  most  cnngtunt  Bymptoms,  and  the  patient  fuels  cold. 

In  the  growing  organism  aft/^r  suppw^niion  of  the  thj-roid,  the  bones  fall 
eouHiderahlj-  behind  in  their  development  and  the  iwailication  of  the  epiphy«iol 
cnrtiliigci^  and  syDehondniM;^  i«  dcUi.ved  uiHU-riuDy.  The  ptaychicnl  disturbancMi 
ore  probably  more  pronounced  also  than  in  grown  penjomi  (Fig.  13S). 

Most  of  these  disorders  gradually  diHappeur  after  treatmcut  with  prepara- 
tions of  thyroid.  The  stlcin  acquires  again  a  normal  appearance  (Fig.  137,  B): 
metabolism  increases — in  the  «bi">ve-menl ioned  case,  reported  by  Andersaon,  after 
nine  month*'  tn-alnn-nt  it  had  returned  to  the  normal  vidue  of  3,0fl9  Cal.  ^=32.3 
Cnl.  per  kiEograni  of  body  weight;  the  utilizatini]  of  foodstuffs  itn  more  complete; 
thu  nm^rulur  and  m>rvoUM  disorders  are  reduLid.  and  in  young  individuals  one 
can  often  observe  with  this  treatment  absolutely  brilliant  reaullH  (Fig.  138,  B). 

Fmiii  ull  this  it  follows  that  the  thyroid  gtand  must  bo  regarded  as  on 
organ  uhich.  by  internal  socrction  of  certain  t«ut>:^tiinccs,  iwrfonns  a  vttalltf 
vmporiant  function.  These  substances  represent  either  important  eonrtituent* 
f»f  the  Ii(|uid8  of  the  Unly,  or  are  xi.^ti  for  the  tieutralizalion  nf  poisons  which 
may  be  present.  We  caiuiot  «iy  delinitelj  whether  the  thyroid  has  »till  o 
futictiond  ur  not. 
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From  histological  investigations  of  the  process  of  aecrction  in  the  thyroid. 
we  appear  to  be  justiSed  in  the  assumption  that  the  follicular  contents  are 
elaborated  by  the  epithelium  aurrounding  the  follicle;  and  that  it  paftsea  through 
openings  in  the  wall  of  the  follicle — formed  by  simiile  atrophy  (colloidal  fueion) 
of  the  e|>ithe]ial  cells — from  the  cavity  of  the  follicle  into  the  Ij-mph  spaces  of 
the  gland.  In  the  l.vmph  spaces  the  contents  are  gradually  diluted  with  lymph; 
ibe  secretion  iUKin  loses  it.<j  charaeteriatic  consistency  and  ability  to  take  stains, 
and  is  added  to  the  general  circulation  through  the  lymph  vessels  (Hiirthlc). 

Our  knowledg«  of  the  innervation  of  the  thyroid  is  still  very  imperfect. 
According  to  Exner.  Jr.,  after  section  of  the  thyroid  nerves  of  the  cat  oa 
one  sidei.  when  the  opposite  half  of  the  gland  has  been  removed,  various  dis- 
torbanoes  (hypenesthesia.  apathy,  convuUive  twitching*,  etc.)  appear  during  the 
first  few  days,  but  disappear  completely  within  a  few  weeks.  How  far  tbca6 
disturbanrefl  are  the  direct  result  of  the  loss  of  nervous  control,  or  whether  they 
are  duo  to  other  circumstances,  c^n  scarcely  I>e  decided  at  present.  Hiirthlr 
and  Ka1jwn«lein  were  unable  to  produce  any  histological  changes  by  Btimulation 
of  the  thyroid  nerves.  The  latter  succeeded,  however,  in  demonstrating  distinct 
signs  of  dcgcuorattuD  in  the  thyroid  of  the  dog  after  oection  of  it«  neni-es. 
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Kec«utt)'  attuuipU  Iiavo  boun  made  in  many  ways  to  isolate  Lhu  actirc  eub- 
slance  of  the  tlivroid,  and  the  iod-otbyrin  produced  by  Bauraann  has  been  the 
apuuiai  ubjticL  of  nunierom  iuvwligatlone. 

Todothyrin  is  »  br^wn-eolorpd.  Amorphous  substance  which  on  heating  swells 
up  i?iiormnunly  and  is  d*'i,"oinp<isf(].  yieldiiLK  nii  odtir  b-ukkcmI ivf>  of  llit-  jiyridin 
baves.  It  is  uhIlu^t  iuaulubli;  in  wattT.  and  is  soluble  with  difficulty  iii  alcohol. 
It  disBolvHS  readily  in  dilute  tilltalie.''  and  h  precipiloted  n(rnin  on  addition  of 
acids.  Cirincfntratpd  caustic  snda  with  hf-nt  ilcfomposcs  it  slowly.  The  ffland 
can  hp  boiled  for  days  in  a  tvu-per-ceni  sulphuric  ucid  without  destroying  its 
indiitliyrin. 

This  fiubstaiHH!  trives  nniie  of  the  proteid  reactions,  hut  always  contains  phos- 
phiTUB  in  onranir  combinalion  (f>,56  per  cent  P)  and.  wlint  is  moHl  itnpnrtant. 
at  li'Hfil  ft,3  per  eent  ioilinc.  Notwithslandinp  that  it  ocL-un*  in  iho  thyroid  ^land 
to  the  extent  of  only  0.:i  per  cent,  iodofhyrin  bna  a  marked  effect  on  the  uynip- 
toms  following  IIm*  suii|jre8aion  of  the  thyroid,  even  when  administered  in  Tery 
niinule  qunntilits. 

Aecordinif  t4i  liiiimitinn.  iodothyrin  orcun^  in  the  H'in<l  in  conibinaTir>n  with 
jipolcid;  and  OstM-nld  has  reached  the  conclusion  that  rhe  so-call*'d  colloid  of 
the  thyroid  Riand  consists  of  two  prolcid  bodies,  only  one  of  which,  the  thyreo- 
globulin, euntiiiua  iodine;  theothc^ris  h  nuclpoproteid  containing  a  carbohydrate 
group.  By  boilinR  thf  fnnner  with  teci  per  cent  H,HO„  Ostwnld  isolateiJ  a 
product  eontaiiiiu);  liji  per  cunt  I,  which  he  regards  as  an  extremely  pure 
iodothj-rin. 

The  entire  yit-ld  nf  this  hubatanrf  ciilciilalpd  on  the  basia  nf  imlino  ie,  how- 
PTcr,  only  nbont  onr-trntli  nf  the  iodine  in  thi>  ^land.  and  it  is  therefore  dnubtful, 
as  Rlum  nnd  Tamlmch  havt  rvmnrkcd.  wlicthcr  iodothyrin  occurn  as  a  conjugant 
with  pi-nteid  in  ibc  ({laud,  or  whether  it  in  uot  &rst  split  off  by  destruction  of 
the  pruteiU  moU-culu. 

A  fuller  presentatinn  of  the  views  expre.'>sed  by  different  authors  conccmlni; 
the  nature  and  the  mode  of  action  of  the  thyroid  aulistancc  is  inipo6.siblc  here. 
W*-  mny  mention  only  the  fact  that  S.  Frunkel,  as  wi^li  as  Itn^chw!  «iid  Koclicr, 
•Ir.,  b«vo  iifoliilcd  two  ulhcr  Hub^Cancen  of  a  basic  niiturc  which  exert  a  weli> 
inarkt-d,  though  uot  very  atroitg,  favorable  action  on  suimals  whose  thyroid  has 
btvn  reniovLd. 

If  a  hrnlihy  nnini'il  be  fed  with  a  great  quantity  of  thyroid,  varinus  ajinp- 
loma  of  poisoning  make  their  appearance,  such  aa  tachycardia,  polydipsia,  poly- 
phagia, polyuria;  llie  quantity  of  urea  inereniiea.  sugar  apyu'ara  after  »nme  time 
iu  the  urine,  and  the  animal  falls  off  in  weight.  Likcwiw  in  men  when  thyroid 
is  administered  aa  a  medicine,  in  too  large  dow!<.  excitement,  abnormal  ^ensn- 
liftn  of  heat,  increased  deniniclion  of  proicid,  jauiidice,  ulbmniuuria,  cardiac 
pfllpilation  and  cardiac  weaknci^a  miikc  tlicir  appearance. 


£.   THE  PANCREAS 

When  (he  panereaji  nf  a  mammal  (tloj;,  <'Ht.  jd^)  i«  tntnllv  removwl  irith- 
out  any  accidental  lesions,  a  severe  dittbeles  (aeconlinp  lu  mmiic  authors  in- 
variably, accnnlin^  1o  others  generally)  ensues  (▼.  Mcring.  Minkowski,  de 
Dominicis,  18Sii). 

The  appearance  of  sugar  in  the  urine  iloea  not  always  ehow  iniinwliaiely 
after  the  operation.  It  appears  snmrlinies  .snonor.  .sornotiniej*  later,  liul  in- 
vuriably  increases  in  iutcxibity  wiLliin  Ihu  next  twenty-four  lioura,  and  a^  a  rule 
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also  on  succeeding  (\ays.  Id  most  coi^a;!  nn  the  first  <lny  thnrc  arc  tmmA  only 
traces,  up  to  out-  yar  L-imt;  on  tliti  fallowing  day  from  Four  to  six  pur  cunt; 
and  only  on  the  third  day  doeit  the  sugar  elimination  roach  iU  maxinuim  of 
eight  to  ten  per  cent  and  over.  If  now  fond  lie  not  givi-n,  the  quantity  of  «u|;ar 
in  the  urino  hegin«  j^rradunny  In  fall  olT;  liiil  il  dno.-^  not  ilisappoar  altogether 
nftcr  »even  (layt^  of  fasting.  With  a  plentiful  dupply  of  Food  tlie  KUgar  in  the 
nrtne  may  amount  to  ten  or  twelve  per  cent,  and  the  daily  quantily  of  sugar 
eliniinated  hy  a  dog  of  1.5  kilos  on  a  pure  meat  diet  may  reach  102  g.,  and 
on  addition  of  earlxiliydraliw  may  reach  a  i^till  higlier  value. 

From  thc,*e  nlwervalions  it  is  clear  that  the  pancreas  it>  ertremely  im- 
portant for  the  normal  decum position  of  tht  carbokj^flraies  of  the  body.  But 
it  i»  conceivable  that  the  offcels  de^eriltcd  are  duo  to  some  acridenlal  lesion 
attcniling  the  operntion.  Tbi*  is  oppowd  hv  the  following  experimental  facta. 
If  a  Relatively  i^niall  piece  of  the  gland  1>e  left  in  the  ahdoniinnl  cavity,  dialK'tca 
does  not  wx-iir,  notwithstanding  thai  the  npcriitive  prwi-dure  is  the  Muie. 
Further,  if  in  Ihe  ofwration  a  piece  of  the  gland  he  grafted  under  the  alidom- 
inal  skin  in  siich  a  way  that  it  remains  in  va>*eulnr  connection  with  the 
abdoDiinnl  cavity,  and  after  it  IiaH  beeouic  healed  in,  the  r^t  of  the  gland 
left  in  the  normal  pojiition  he  removed,  the  animal  d<>e.-i  not  liecnnie  diabetic, 
nor  does  diulietes  rcHult  from  iicction  of  the  Ta.'>eiilar  stalk  In  the  eubcutaneoua 
graft.  But  sugar  app<'ftrH  in  the  urine  imnieilialely  and  in  large  quantitiei, 
and  ihi'  sugar  content  in  the  blnixl  rises  cinisidcrahly,  as  s<iou  k<  the  subcu- 
taneous graft  is  rcniovetl,  attbough  the  o[)eratiou  for  il«i  removal  is  quite  an 
inaignifieant  one.  We  must  conclude  that  neither  the  operative  legions  nor 
the  alixeneu  of  the  pancreatic  secretion  from  the  intestine  can  lie  llie  eaiu% 
of  the  sugar  elimination.  The  panerca?  therefore  cxercisex  a  specific  influ- 
ence on  (he  transfornialion  of  sngar  in  the  body. 

Thr  pnncH'as  tuny  be  made  to  wa.tte  away  by  era<huil  injection  of  fat  nr  of 
acidK  iinu  ihe  duel  of  Wirsung.  When  thi«  is  done  in  the  due,  in  inany  craps 
no  ftiifrar  appears  in  tlin  urine  (Hftdon,  RoBcnbcrK).  To  explain  these  remark- 
able faetii,  we  Hre  iilmo«1  conipellecl  to  HMiumf  thai  Komc  other  ortian  baa  taken 
over  lite  fum^tion  of  the  ptincreaK  in  the  metabuli-im  of  suKnr.  and  that  thin  enn 
only  hfl|>|K.'u  in  c»»l-  the  funclioii  uf  the  pancreas  'n*  abuli«bi><l  very  gradually. 
The  ni«'4t  nulurni  explHiialiun,  uamt-ly  thiit  {xirtiuns  nf  the  pancrcaH  n'main 
intact,  iei  4'][cht'l<^y|  by  the  expnt48  t^tatements  to  the  contmty  of  the  authors 
tbeia'*el\'es  who  re]»ort  tbeae  ex|wriments. 

How  are  tbf  phenomena  which  follow  extirpation  of  Uie  panurea^  to  ha 
expJainrd?  Even  under  normal  circumiitanee^  with  a  very  large  amount  of 
eugar  in  the  f<Kjd,  a  part  of  it  passes  out  in  the  urine  (alimentary  glrco 
i-uria).  Different  kinds  of  sugar  Itehave  ditTerently  in  thitt  respect.  I>rpuln«e 
U  abnoHt  all  burned,  while  cane  sugar,  grape  :4Ugar  and  especially  milk  sugar 
pa-is  over  in  relatively  large  riuanlilies  into  the  urine.  After  extirpation  of 
Ihe  panerenii.  nnicli  larger  quantitie^s  nf  sugar  than  u.sual  are  found  circulating 
in  Ihe  blood ;  il  ia  evident,  therefore,  that  nugar  niurtt  aUo  appear  in  the  urine. 

The  different  enrlwhydratefl  fed  to  an  animal  whose  pancreas  ha*  bfen 
removed  Itehavc  vcrj-  differently.  On  feeding  Rrnpe  sugar  the  entire  quantity 
fm)  Mpixrara  in  the  urine.     Maltiwo  ia  tninxformi>d  into  dcxtroae  and  aa  sQcfa  ia 
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eliminated.  On  the  otber  hand  the  lojTorotatory  carbobyd rales  (Icrulose,  inosit) 
.are  used  by  tho  hiH\y.  sltliouffh  ihcy  urc  in  part  traiixfumtftl  iiitu  graiM!  fiugur 
'•nd  are  excreted  as  auoh.  After  ff-yvliiip  with  raiie  supar,  neither  c«ne  flugar 
itxc-lf  imr  levuliise  arc  to  bo  ftjuiid  in  the  urine;  iiinU-Hd  thrrc  always  appeara  a 
coDfitderable  JucreaBe  of  the  dextPnw  nut|iut.  Prf)*uiiiiilil.v  llivrr-fore  tho  cane 
sugar  ii  inverted,  and  brHidra  thn  ukuuI  tlexlrom!  arisItiR  from  it.  n  part  of  the 
levidose  also  leaves  the  body  as  dextroee.  Milk  sugar  abio  apptaw  to  be  trans- 
formwl  into  grapi-  suiicflf  «nd  to  b*  eliminated  as  Rurh. 

Tlie  gf^cogfiti  disappeurs  from  Ibe  liver  of  animab  made  dialwtic  in  this 
way.  down  to  the  last  traces.  But  in  animals  in  which  parlH  of  the  pancreas 
hovL'  bwn  left  in  the  abdominal  eavily.  fairly  large  quantities  of  p'lypogen 
are  still  found.  Finally,  after  feodin^;  levulosc.  there  occurs  under  certain 
circumstances  &  conjsiderflblo  deposit  of  glycogen  in  the  liver,  and,  what  is 
espet-inlly  noluworthy.  this  glycof.t'n  is  dextrorotatory  as  usual. 

After  suppression  of  the  panerens,  therefore,  ihe  power  of  the  hf>dy  lo 
form  glifcogni  or  fat  from  dextrose  is  destroyed.  Such  animals  show  an 
inereaited  dimtnictiou  of  tiKsut*  proleid.  which  is*  most  clearly  attested  hy  the 
fart  that  in  spile  of  an  excessive  supply  of  food,  lliey  very  rapidly  become 
emaciated,  losing  in  two  weeks  as  much  as  one-third  or  more  of  the  l>ody 
weight.  That  U,  they  live  principally  at  the  expense  of  their  own  bodies. 
Since,  in  spite  of  thi;*,  sugar  is  eliminated  in  large  quantities  in  the  urine, 
the  organism  must  have  lost  the  ability  to  burn  sugar  to  the  usual  extimt. 

The  conseijuenceg  of  removing  the  pancreas  make  it  eTiderii.  therefore. 
that  this  organ  play^  an  essential  part  for  the  sttorage  of  farhohydratei  in  tho 
body,  for  their  trani*formation  into  fats,  and  for  the  conihustion  nf  sugar. 

In  explanation  of  thc»te  effocta  of  the  pancreas  on  the  transfonnalioii  of 
sugar,  one  might  c«ineeive  i-ither  that  a  substance  is  formed  in  the  gland  which 
\%  necessary  for  the  nonnul  inelaboliiim  rf  sugar,  or  tbul.  the  (jcIhimI  deittroys  w>me 
Liubstance  formed  elsewhere,  the  retention  of  which  in  the  organiiim  would  pro* 
Iduco  the  efleels  deseribed.     The  former  of  these  suppiwitions  appears  the  more 
[-probable,  flltbouiih  there  is  scarcely  yel  to  be  found  any  binding  proof  of  it.  and 
'nobody  haH  so  for  aueceedod  in  obtaining  the  active  ttubjitance  fn>m  the  panerens. 
It  appears   from  some  fuels  not   presented  here  that  the  discharge  of  this  sub- 
stance into  the  blood  is  under  partiut  cutilrol  of  the  central  nerrous  system. 


F.    THE   ADRENAL   BODIES 

In  1855  Brown-Soquard  announced  that  bilateral  cxUrpaixan  of  tltf  ad- 
renal bodies  resulted  fatally  within  ii  short  time  after  the  operation.  I^tcr 
cxperimimiji  have  on  the  whole  continued  this  s.talement.  Death  follows  within 
A  few  liriurs  or  days  at  most.  If  Ihe  organs  are  removed  in  f«veral  operations, 
portion  at  a  time,  the  animals  (cuts)  die  somewhat  later.  If  some  lime  be 
allowed  to  elapse  Wtween  Ihe  operations  for  the  two  side*,  the  animal  (rab- 
bit) Tnay  exhibit  no  abnormal  symploms  within  a  month. 

After  extirpation  of  ane  ndrennl  hndy  and  a  part  of  tho  other,  anirnalR 

may  confining  to  live,  though  in  a  rwluced  state  of  lieslth.  for  some  time  after 

the  o[H.'ration.     Th^y  are   more  sluggish   than   usual,  lliey  quickly  become 

tfatigued  by  muscular  clftirts,  and  tlie  bwly  rapidly  falls  away  in  weight 
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Tbme  conditions  gradually  pstis  away  aud  thi!  uuinmU  r«coTor.  When  only 
a  part  uf  out'  adren*!  I«»<ly  w  left  in  position,  reyent-ralion  of  its  sulnstance 
talicM  plnrc,  just  as.  aflcr  utiilatiral  fxtirpntion,  a  (■omp<;nwitory  hypertrophy 
of  \]\i!  one  rt-niaining  appears.  In  Iv^th  man  aud  atiimaU  acrce^ory  adrtiimls 
an*  founit  which  are  auflloient  to  maintain  life  after  total  extirpation  of  the 
main  liodies. 

Hultgren  and  O.  Andersson  deserilw  the  aimormat  pkenometui  appearing 
after  the  removnl  of  the  adrfnaU  a»  follows:  The  nnitnul  rvtovon*  from  the 
operation  within  n  few  hours,  nnd  aside  from  a  poor  ap|velite  or  none  nt  all, 
ahowH  no  unfavoralile  Hymptnnis  K'ilhin  thi*  ttext  firw  dayt;.  During  tlic  last 
twenly-four  hoiin*  before  death,  or  still  earlier  when  the  ayniptonis  nm  a 
slower  course,  the  animal  Hpoonios  dull  anil  stupid,  most  of  the  time  sita 
perfectly  (juiet  and,  what  is  particularly  striking,  in  eats,  exhibita  weakness 
and  unoertainty  in  the  movemenlji  nt  its  hinder  evtrcniittPS.  .\t  the  wime 
time  the  (einpi'rature  iK'jiins  to  fall,  and  as  ihiB  i-onlinues  the  gpneral  list- 
IcsKness  and  wiiaknt^sa  of  the  animal  iucreasiee.  Catt)  lie  most  of  the  time 
with  the  noso  on  the  flfnir,  and  with  eyes  half-clospii  follfiw  what  is  going 
on  alKiut  i\\cm,  hut  nnt  with  Ihe  uminl  inler«\<t.  They  riiiet  to  jitimuli  more 
feebly  und  more  elowiy  than  before.  They  walk  imstuadily  and  with  a  pecul- 
iar stiffness  of  the  hinder  legs.  In  leaping  down  from  a  chair  they  are  likely 
to  fall  in  a  heap.  They  become  fatigued  with  very  slight  moFemonts.  and  lie 
for  a  long  limt'  deeply  exhauslrtl.  This  low  of  strength  continues  more  and 
more  and  finally  dyspnti'^a  rtels  in;  nwpirntion  tux-onH-s  dei?p  and  Blower;  the 
heart  becomes  le*s  frequent  and  irregular,  and  dtnith  ensues,  Convulaiona 
rarely  occur  in  cats  and  dogs,  but  in  rabbits  they  are  fairly  common. 

Among  other  conditinna  observed  on  Kucb  animaU  the  follnwing  may  be 
mentioned.  Neither  digt^stion,  nur  the  combustion  of  proteid,  nor  tbe  content 
of  hounoiiclobin  in  ilie  UimhI,  nor  the  number  of  rvtl  bloud  uells  is  influenced  by 
the  operation.  No  paral.vi«e6  are  to  be  observed  and  the  electrical  excitability  of 
the  nerves  romains  utiehotiged  tu  the  time  of  di'Ath. 

The  blond  pressure  fnlln  immetliately  after  the  operation  and  in  tbe  laftl  few 
hours  rifafhc*!  a  very  low  lewl. 

The  bliMKl  of  the  operated  animals  iis  said  to  hare  a  pronounced  toxie  action. 
Thuti  if  blocid  from  one  operated  animal  be  injected  tnto  another  whuM;  adrenala 
have  also  been  removed,  the  symptoms  which  would  otherwise  not  appear  for 
Several  houni  conw  on  within  a  fthnrt  time. 

The  profound  effeeta  of  the  reninval  of  the  adrenals  trannnt  Ite  causeil  by 
the  operation  alone  nor  by  accidental  lesions.  This  we  know  from  the  obtMtr- 
vatinn  that  {mrtinns  of  the  adrenals  which  have  been  left  unintentionally 
sulliee  to  kwp  the  animal  alive;  also  from  the  fact  that  no  dihliir)>ance  otTuri! 
if  the  ftdronaI.i  lio  sejwirated  from  all  their  connections  except  tlio«e  with  llie 
vaMMilar  ttystem. 

The  evil  eff<K-t«i  of  the  extirpation  of  the  adrenals  are  therefore  due  to  (As 
lo$a  of  aomt  function  which  is  important  for  the  whole  body.  This  function 
may  bo  ont'  of  two  kindii:  either  they  destroy  some  product  or  prodncts  formed 
in  melalmlism  which,  when  present  in  larger  quantity  than  the  normal,  poison 
the  organism,  or  they  form  Hulwlaneofi  which  are  nccessaTy  for  the  normal 
•ctivitiea  of  the  l)ody.  The  results  of  extirpation,  and  espociallv  the  influence 
23 
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set  up  hy  tho  injoftion  nf  the  blood  of  one  animal  ilepri^'wl  r>f  its  adrenals 
iulo  another  animal  operated  on  hi  the  same  way.  appear  to  speak  rather 
definitely  for  the  fonsw^r  siippositirin.  Even  if  thh  werv  onrrpct.  howevor, 
the  pliysiolngica]  piirp<isn  »f  thf  adruTials  wnuld  nnl  he  wholly  explnimtl  IIiltc- 
by,  for  injoctiou  of  itdroiia!  I'xtrat-t  or  nf  lilnnd  from  th«  adrenal  vcid  (Cy- 
hitlaki)  into  animmU  whii-h  have  lost  tlieir  adrenal  hodies  produces  a  markt"d 
iniprov*'nu'iit  in  ihe  (tymptomsi  for  pome  time,  and  has  an  iimnistakabl*'  nffect 
on  perfwdy  normal  aaiiiials.  'I'hc  windluHinii  whieh  st'i^iiis  Ui  lie  iriovilaiilc 
ia  that  Ihc  adrenalu  give  off  to  the  blood  one  or  mure  speclficalUj  active 
substances. 

These  substancps  are  dinlyjaWo;  soltihto  in  wnt«^r,  dilute  fllwihnl  and  in 
KlyeprJii,  h»t  iiinolidd*^  in  nhwilute  wkvihol  aiui  I'fher;  willitttand  drjing  iit  110"  O, 
anil  boiliiifi:,  if  nut  too  prylonKwi,  Tbey  are  dt'strnyed  by  Blkalien.  but  not  by 
RfidH.  Numerous  attetnptti  bavu  been  mudi'  to  it«dutv  and  ijciilif.v  tbis  Kub- 
atauce,  Aecordiiig  to  v.  Fiirth,  it  ib  related  to  the  pyridin  aerips  and  rnntaiiw 
a  rinp  inirleui*  with  two  hydroxy!  frruup^  iu  the  nrtht>  poaition  tadrtnalin).  It 
has  lilt  iitkalinp  reaction  anil  forniii  Halls  with  the  aeitln.  Ilx  einijirioal  ftimiiila, 
accoriiiiiK  to  Tiikiimiiie,  is  C,JI„NO,.  aceordinp  to  Abel  Ci^UuNO,.  -|- i  1I,0. 
The  percentttRe  of  this  substance  in  the  adrenals  i»  said  (o  be  about  O.l-O.IT 
per  eeiit. 

If  the  extract  be  injiected  directly  into  a  vein,  it  acta  powerfully  in  very 
smfill  <i\]nntitie«.  TbuK  Takamiiie  obtained  a  distinct  rise  of  proasurc  by  inject- 
ing ().<)OlllKH:i  (f,  tif  adreiiiiliii.  The  chief  t-Rect  of  »uch  an  iiijeetion  of  thin 
extmct  i»  a  sudden  ris^  of  biood  pressurti.  This  is  due  in  part  to  an  auKnieiited 
henrt  netion  whieh  can  bi!  dt-mnni^'tratetl  also  on  an  exeiHed  heart  or  heiin  muscle, 
and  in  pan  lo  a  |>owerful  eiuitnietion  of  tlie  dmaller  «rterif«  cniiM'*!  by  a  direct 
HL'tiui)  of  the  extract  nn  th^p  nuiseuUiture  id  tho  veRsi'is.  Aecordint?  lo  ("yon.  the 
va-iomotor  eeut^^^r  in  ihe  mL'<lulIa  and  the  rardiae  Jiihibilory  center  are  excited. 
The  filowintf  of  the  henrt  beats  (ib»erved  by  many  authors,  which  do  n«t  appear 
after  seelion  of  the  vagi  (according  to  most  authors),  is  said  to  be  a  direet  effect 
of  the  injection  and  llie  re«ult  of  a  sudden  inereane  of  inlraoranial  pressure. 

MiB*t  of  the  fffi^eta  of  injection  of  adrenalin  last  ontif  a  ffw  minutes,  and 
then  gradually  dItiAi)|>ear.  This  temporary  character  nuRht  be  due  either  to  a 
transfunnution  nf  tlie  adrenalin  lukiutr  place  iu  the  blood  stream,  or  to  ita 
rein^nval  frorn  ihe  veBsels.  Adrenalin  is  eliminated  in  the  urine  only  iu  vcr>- 
small  quantities. 

When  itijtH-tion  ik  trnnle  ftubcutnneously  in  aniinala  from  which  the  adrenaU 
have  been  removed,  it  produces  a  rise  duriuK  ihe  ]]n.'nnirl)il  fall  of  tonippratnre, 
and  iiuprovea  the  Renerul  bodily  condition  of  the  unitnaU.  They  become  mora 
active,  the  weakiicMs  and  uiiM-rtainly  of  their  movements  are  diminished  and 
they  leap  with  much  more  vigor  than  before.  After  re[H'ativ!  injnrtiona.  how- 
ever, the  effect  fails,  and  il  'a  possible  to  prolong  the  life  of  the  animal  in  this 
way  for  only  almut  Iwenty-four  hmirs  (Itnllgreu  and  O,  AudentKon}.  On  ftd- 
miuiHtration  of  very  lar^e  quantities  of  adrcnuliu  to  nonusl  nniinnU,  cMpoeially 
aft^r  iutravenoiu  injection,  profound  toxic  efiects  en^iuc  which  re?iult  fatally. 

With  regard  to  the  influence  of  ihf  n/rwiw  sj/ftcm  on  the  fomialion  and 
flecrction  of  the  active  snb^Jtancc  of  the  adn^nala,  BJcdel  and  Hreyer  state  that 
atimulutinn  of  the  aplaiichnic  below  the  diaphragm  produei^.  ijuite  independ- 
ently of  the  alterations  in  the  hlcMid  flow,  a  copious  secretion  of  it  into  the 

hiood. 


O.   THE  PITUTTARY  BODY 

On  thp  bfisia  of  nnatdmicnl  nrui  cnihrytiloifinil  facta  mnet  niitHnra  aastime'  ™ 
dose  physio] ofricnl  relntiontthip  br'twccii  tlic  hypophysis  crrehri — i.  c.  nnlerior 
liarl  ijf  the  pituitary  body — and  the  tliymid  uIaikI.  Tliis  su|>|R»sititin  i»  itupj»ort«i 
b.v  IIk?  faots.  lu  tliie  oxtcnl  h(  Iriist.  lliHt  h.vp*'rlro)ili.v  of  tlii»  slniclum  has  Ikito 
nhservpd  in  nDimnlin  nfttr  pxtirpntion  of  the  thyroid,  niid  in  moii  Buffprinc  from 
myxa-doma.  A  satisfactory  explanation  of  tliis  rclationBbip  has  not  yet  boon 
found. 

Itw(!ntl,r  many  experiments  hs^VQ  been  made  on  the  effect  of  inifetinR  rxtract 
of  !hf  hffpvphjisit  into  the  t-irculation,  uud  a  distinel  actiun  up"ii  tho  hcurt  and 
bliKJiJ  vi-ssels  huK  hifii  nbtainfd.  Acciirdiii^  t<»  Schtifcr  and  Vinwiil.  wc  havo 
to  do  hore  with  iwo  difft-rent  Bul»tanc*(>t^  which  arc  dii^tin^uinliHl  pht-mically  by 
iht'ir  tioluhitity  in  aloohol  and  cthor,  otif  bcinir  soluble,  the  other  not, 

Thi-  former  hrinKX  iilMiut  n  vr-ry  f(-rii]M>rnry  fall  in  the  nrteriwl  blo<Kl  [ir<-**urp. 
The  other  increases  the  blood  pressure.  bIowh  aii<i  etrenntbenB  the  heart  I>eat 
and  prothiecs  n  marked  diuresis.  The  effe<:t  is  tolorably  penimnent.  althouRh  it 
WcumcH  loMH  and  Icjyi  with  sucreBsive  injfotionB,  From  cxperimrnta  on  the  iso- 
lated heart  or  heart  muselo  it  appears  that  this  influence  extends  to  the  peripheral 
end  apparaturt  of  thi?  cardiac  uerrcs.  Other  obifervations  indiciile  ihnt  the  extra- 
*-HTtIinl  t-enter  hImu  \»  ntiiiiulnled  <C,voi))-  The  vasomotor  nerves  iH'hnve  in  Ibo 
same  way ;  on  the  one  hand  the  ves*ela  eontrael  after  destruction  of  the  medulla 
{Oliver  and  Schiifer) ;  on  the  other,  llie  vuHoeonxtrietion  occur*  if  the  extract 
ia  injeciiil  into  the  brain  veiiselM  only  (Cyim).  In  ('yon's  opinion  the  cfTivts  of 
an  extract  on  the  heart  and  on  the  v(**oU  dcpendu  upon  two  different  substances. 

Curiously  enough  the  RuhHlaneen  which  pr«Kluce  this  effect  upon  the  circu* 
lalion.  accordiiuc  to  Howell.  Sehufer.  and  Vincent,  are,  fur  the  iiio»t  part  at 
]ca»t.  not  contained  in  the  nntrrior  Klnndular  pnrt  of  the  pituitary  Inidy*,  but  in 
the  posterior  infundibular  jmrt.  However.  thi«  section  of  the  pituitory  body 
also  contain!)  frlandular  epiihclini  cells,  which  surround  caTities  filled  with  a 
tMlloidtil  Mul^limcc  (Berkley), 

From  nfjult"!  thus  far  l)pfore  us  no  poai'tive  conclusion  can  be  drawn  as  to 
tbo  normal  workinK  ef  the  hypopU.V8t#.'  It  t*  conceivable  that  ihc  Hubfltanoe* 
itblaim-il  by  diffemit  meth'HJH  from  the  (riand  nre  normally  formed  there  and 
are  given  off  to  the  blood.  But  it  is  at»o  poiwtible  that  they  represent  producUt  of 
decomposition  whi<-h  are  formed  post  mortem  only,  in  the  methods  of  extraction. 

A  definite  choice  bclwivn  the*t«  tw«j  powtibilities  i»  not  yet  p'wwible.  ninco 
from  the  many  cnntiictinR  statements  as  to  the  results  of  extirpation,  we  cannot 
tell  certainly  wlielber  any  dtsturbaneea  follow  loss  of  the  hj-pophy'ais  alouc. 


H.    THE  KIDHEYS 

OerUln  ohwrvwl  facts  indicate  that  the  kidneys  not  only  remove  different 
products  of  decomposition  from  the  body,  but  give  off  to  the  blood  one  or  more 
substanccii  which  are  of  service  in  the  body.  When  the  kidneys  are  removed 
fmm  an  animal,  or  are  rendered  functionless  in  man,  within  a  few  day»  s.vmp* 
toms  of  Revere  unemic  poieoniiiK  make  their  appearance.  The  most  natural 
oaaumption  is  that  the  aymptoms  arc  raUH<d  by  the  retention  of  thu  products 


'  Fucbrm  has  reported  qiiiti>  mrcntly  thai  cotttratinn  of  coi-ks.  guinea  pijcs  and  rab- 
bits produces  a  market!  byperplaAia  of  the  hypophysis.  The  clianffe  in  the  capon  in  very 
■uddcn  and  can  nnilily  be  reeoRniieil  in  micraMWpicol  asctions  of  the  part.  Injection  of 
tosticulor  extract  just  as  quickly  abolusfaoB  the  hyparpUda  err  pnvents  it  altoeetbar.— Ed. 
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otherwise  eliminated.  But  it  has  been  observed  that  patients  who  suffer  with 
anuria  for  weeks  may  not  show  any  signs  of  ureemia.  Brown-Sequard  explains 
this  failure  of  abnormal  results  by  supposing  that  only  the  excretion  of  urine, 
but  not  the  production  of  the  "  internal  secretion  "  of  the  kidneys,  has  ceased. 
In  support  of  this  view  he  carried  out  experiments,  in  which  animals  whose 
kidneys  were  removed  and  which  showed  the  ursemic  symptoms  were  very  much 
benefited  by  injection  of  an  aqueous  extract  of  kidney.  Moreover  E.  Meyer  has 
shown  that  nephrectomized  animals  which  exhibited  the  periodic  respiration 
resulting  from  ursemia,  again  began  to  breathe  normally  after  intraperitoneal 
injection  of  a  kidney  extract  or  intravenous  injection  of  blood  of  a  nonnal  ani- 
mal. Other  authors  have  reached  entirely  negative  results  with  similar  experi- 
ments. The  view  of  Brown-S^uard  therefore  cannot  be  r^arded  as  by  any 
means  established  in  fact. 

I.   THE    SPLEEN 

Extirpation  of  the  spleen  produces  no  serious  effects;  it  is  therefore  not  a 
vitally  important  organ.  According  to  Schiff  and  Herzen,  the  spleen  is  in  some 
way  concerned  in  the  formation  of  trypsin  from  the  zymogen  formed  in  the 
pancreas,  and  this  has  recently  been  confirmed  by  Oachet  and  Pachon  (cf.  page 
252).  The  quantity  of  bile  pigments  formed  in  the  liver  is  also  said  to  fall 
considerably  after  extirpation  of  the  spleen  (Pugliese).  This  is  in  line  with  the 
view  arrived  at  by  many  authors,  and  latterly  by  Jawein,  that  the  spleen  removes 
from  the  blood  and  transforms  the  worn-out  red  blood  corpuscles. 

An  intravenous  injection  of  splenic  extract  at  first  lowers  the  blood  pressure 
and  later  raises  it  slightly;  it  also  appears  to  be  able  to  regulate  the  rhythm  of 
the  excised  heart.  Again,  it  is  said  to  have  the  same  effect  as  an  infusion  of 
red  bone  marrow  in  raising  the  number  of  red  blood  corpuscles  and  the  content 
of  heemoglobin  in  the  blood  (Danilewsky). 

Since  we  have  no  data  as  to  the  effect  of  the  venous  blood  from  the  spleen, 
these  results  furnish  no  definite  point  of  vantage  for  the  explanation  of  the 
physiological  purpose  of  this  still  very  enigmatical  organ. 


TU£   FINIL   DECOMPOSITION    OF   fOOWTVtFS   IS   TUK   BODY 

As  alreaily  iiifntioncil  at  jmgp  27,  the  fnoiil!;tulT!i  in  tlH-ir  ooiiibiiution  < 
not  pass  over  immi'flialely  into  tlieir  emi  prixluft*,  l>ul  aro  gradually  "plit 
up  into  HinipliT  and  !<iiup]or  subeitannw.  oxidatioD  and  rtHluction  prooeeaes 
probably  siicffctling  each  other  in  rapid  succys--»ion.  lu  order  to  secure  more 
light  on  tiioMi?  prfK-esses,  iu vest iga tors  have  i^tudieJ  the  transformations  which 
organic  eubstonces,  nion!  or  It-**  dortftly  n-latifl  to  Ibi-  f(Kid«liiff.t.  undcrj^o  in 
the  body.  Important  as  tlivse  inrtA<tigalioa!t  urv,  and  si^^niijoant  a»  an?  the 
resulta  which  we  expect  from  this  field  in  the  future,  we  must  limit  ourselves 
here,  for  want  of  i<pace.  to  the  transformations  of  the  true  foodHtutTs.  Vn- 
fortunate'ly  our  knowk-dge  of  these  subjects  is  siill  very  imperfect  and  the 
views  of  authorv  arc  coti.-iiderahly  at  varianre  with  one  another  on  many  of 
the  most  important  poiutd. 


fi  1.    THE   FINAL  DESTRUCTION  OF   PROTEID 


J 


Id  ita  digestion  in  ibe  aliineiilary  canal,  proteid  ia  for  the  moitt  part  epHt 
up  into  relatively  wimple  products.  To  what  extent  it  i»  absorbwl  in  the 
form  of  albuma-^'s  and  peptones  we  cannot  say  definitely.  Xur  u  anything 
known  concerning  the  extent  to  which  synthesis  of  proteid  from  the  end 
pro<lncts  just  named  eventually  takes  place  in  the  body.  Tf  the  proteid  is 
not  i^tored.  both  the  primary  and  the  tinal  digestive  products  arc  etill  further 
drcnmposod  until  the  elements  of  proteid  are  ready  to  be  eliminated  a«  carbon 
dioxide,  water  and  urea. 

Formerly  it  wa^  suppoeiol  that  proteid  in  its  decompotfition  ift  split  up 
into  a  nitrogenous  and  a  nonnitrogenous  portion.  This  view  however  is  no 
longer  tenable,  for  froiii  the  fnoi  that  numeroui'  nitrogenouM  eonipounds  appear 
aucH-essively  in  the  hydrolytie  cleavage  of  proteid.  it  follows  tbnt  the  final 
wparation  of  the  carbon  from  the  nitrogen  takes  place  at  a  verj'  late  "tagg^ 
of  the  procew*.  Hfl 

In  the  body  proteid  and  it<  digestive  products  do  not  undergo  a  continnon*. 
progre*!»iive  cleavage  by  oxidation.  There  undoubteijly  occur  a  nunilter  of 
Eiynthetie  processes  by  which  the  groups  contained  in  the  proteid  molecule 
undergo  many  changes  of  position  of  one  kind  and  another.  Hence,  the 
problem  of  the  decomposition  of  proteid  in  the  Iwdy  is  extremely  complicated 
and  cannot  l>e  regarded  as  by  any  means  solved. 

In  the  deylruction  of  proteid  by  chemical  reagents  outside  the  body  ft 
certain  quantity  of  area  is  formed,  whidi  cornea  from  arginin,  not  by  oxida- 
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tinn.  liUt  by  tleavage  of  the  ar^nin  with  absorption  of  water  into  uri*a  and 
(Iraiiiitirt-valeriimJc  acid   ( Dnxrhsel). 

Dnt-L'lisfl  Mlimatcd  that  Itttt  ports  nf  proteid  undePEniTiR  cleavagfi  in  the 
Ixuly  vt-oulil  hf  utile  to  .yield  Iti  ihis  way  3.S  jmrta  nf  una  without  r(uff<-rinfc  any 
uxidatifjii.  Sinn'.  furtlHT.  100  parts  ui  jirultiU  .vi<*IJ  ult'JKt-lliCT  ^4.:!  ports  urea. 
it  follnwR  ihat  nbnut  oiio-iiiiith  of  the  tntal  liron  eliniiiuilfd  may  it^sui^  frum  ihc 
prolf^id  hy  a  simple  proocss  of  ctc-avafft^.  In  fact  wo  always  tiiul  in  all  ntiimabi, 
ewn  in  tlw>w  in  which  Ihf  Brenlciit  jxirt  of  thn  nifniKrn  of  the  urine  appears  aa 
uric  acid,  a  certaiii  quantity  of  urea  (ef.  }>u^e«  7U  ami  7i»  for  the  srjfiiiin  con-, 
teut  of  the  dideretit  prot^ide). 

But  by  far  the  ffrcatost  part  of  the  uroa  etiminatiHl  arieep  frum  protpid 
by  procesw;?  of  oxidntion.  Whim  amino  acids  (plycocoll.  leiicin,  aspartic  aci.l) 
am  diK'=''t'«l  with  finelv  (ground,  frosh  organs,  amnionia  h  split  nit  from  tlicni 
(Laiig).  Ill  tlie  nmiunialH  these  roinpouiidh  m^  well  as  aiiunouia  arc  trans- 
formed  intu  urea  aiid  as  such  are  given  nlf  throuj,'h  tiie  kidneys  (Ncticki, 
Salkowaki  fi  «/.).  It  is  conooivablc,  therefore,  that  nmmonia  represents  an 
interiiK'diale  islajifB  in  the  forrimtion  nf  urea.  .Sinr'<%  however,  both  iimnnniia 
and  the  al«ve-inentiontiI  annuo  aeidm  contain  only  nuo  atom  of  X  in  ttie 
moleeule,  anil  urea  eontninfl  two.  the  latter  can  only  he  fonneii  from  Ihe 
former  by  a  preceiw  uf  syuthesis.  This  might  lake  place  by  the  couiliinatinii 
of  airimoiiiii  with  earbon  dioxide  into  earhamic  acid  or  nmmoniuni  carhamate. 
and  the  formation  of  urea  fmm  thet*  hy  the  loss  of  water.  In  fact.-Driirhsel 
sueeeetled  in  preparing  urea  hj  suhjt^ling  an  a*)uenu«  .■«)Iiition  of  ammonium 
earhaniate  to  eleetmlysis  with  an  automatir  comnmtalor  in  the  eireiiit,  sn  tliat 
the  salt  was  alternately  expntii^l  in  rapid  HuceeMwion  to  oxidation  by  na-seent 
oiVKcn  and  reduction  by  na^ieent  hvdro^'cn.  The  processes  taking  place  are 
illustrateil  by  the  following  scheme: 

I.  NU3.Co.(i.M1.4-<>=Nn,.C0.0.NH,H-H,O 

amtniinliiDi  (iirl>niiiHt<< 

n.  KH,.co.o.xir,  +  u.,=  Nii.,.co.NiK  +  n,o 


The  fact  tlint  earhamic  arid  ejin  l>e  demon )<t rat ihI  in  the  hloml  ami  in  the 
urine  mnstitute*  a  dtronj;  ar{:ument  for  Vliin  view. 

Tht  formation  of  urea  loiKlil  hImi  lake  plnci'  by  the  union  of  an  amido 
residue,  rONII,,  at  the  inBtant  uf  ite  fonnati<.>».  with  the  amidi«en.  \l[„  aris- 
ing by  uxidalinn  of  ammonia  (Ilofineister). 

A  deliuite  ih-eis^inn  Iwtween  these  two  possible  explanations  ia  not  to  be  had 
■I  present ;  Iwriides,  it  is  not  oE  all  certain  that  the  formation  of  urea  takea  place 
by  one  method  nnly. 

Conoerninj;  tiie  seat  of  <urea.  formation,  we  can  think  of  two  possibilities: 
either  it  is  formed  in  all  parts  of  the  i»«dy  wht-rever  proleid  is  broken  down, 
or  certain  ori,'ans  hare  the  function  of  lranj*forming'  the  intcrmediar*"  prod- 
net^  of  niclabolisin  inin  nma.  After  removal  of  the  kidneys  urea  cnlttwts  in 
the  bodr  '  <(i;  lhe»^  nrcnns  cannot   therefore  play  an 

a]l-i»  1.     Meissner  found  in  the  liver  of  the  dog 

^>  -  blooil.  and  so  ilesi};iiale<l  this  or^n  aa 

•  urea  of  niammaU  originates. 
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This  view  rpwivi-d  subsuintial  support  in  Ihc  pxportmcnts  of  t.  Sphrocdcr, 
in  wliifh  by  arlifitrial  perfusion  of  an  exciiiwl  liog's  livur  with  arriiuoiiium 
carbonate  or  formate,  ihc  production  of  urea  from  these  sails  was  dumim- 
Klmtoil  dircftly.  Expcrimontw  carriisl  out  iu  the  same  way  on  the  kidneys 
and  luucck-ji  gave  only  negative  results.  Ijikewise  hy  dif^i^tion  of  glycocoll 
with  cru.-ihi'd  tivcr  ti^^nie  or  liver  extract,  urvo,  or,  to  be  wore  exact,  a  doaeli 
related  compound  is  formed  (Richet,  Ijoewi  et  al). 

InHircntl.v  \ho  importan<v  of  the  lircr  in  this  connpctinn  i^t  tthown  by  the 
exiMTiinciitsi  of  Neiicki  and  Pawlow  on  liogv  with  nn  h'x\i  fintulfl  between  the  por^ 
lal  vein  and  the  inferior  vena  cava  (cf.  pane  274)  in  which  the  liver  therefor© 
received  its  bloiwl  by  the  hepatic  artery  only,  hi  the«c  aniuiaU  the  cliiuination 
nf  ammoniu  in  the  urine  increased  and  the  power  of  the  oPRanism  to  form  nn-a 
from  earbnmip  acid  introdured  int«  the  ntomaeh  was  lost.  After  a  time  char- 
aWcriHlic  iihnortriHl  ■ymploin*  niKde  their  n]ip«*BrBrice  (nnniely,  soninolenw, 
ataxia,  cxeilatjon.  h»p.»  of  viftion,  epikpey,  anrpnthwia.  tetanus)  and  thi-w  etinld 
be  produet^d  at  will  by  un  abundant  aui>ply  uf  ititrotfcnous  food,  aniniimiuni  aailA, 
or  glycoeoll. 

In  bird-t  and  replHat  the  nitrogen  of  the  den'omjiO'*ed  protcid  leave*  the 
bmly  chiefly  as  uric  acid.  Any  information  we  can  get  m  to  the  tucat  of  uric 
acid  prtiductioD  in  birds  ought  therefore  to  be  strongly  suggcfttive  of  the  auat 
of  urea  protliiction  in  manimale.  Bird»  are  eopeeially  well  adapted  tn  experi- 
nientnl  inve?)tigntirin  of  ihiiD  subject  becauw  extirpation  of  the  liver  h  rela- 
tively easy  un  account  of  the  pi-ciiliar  R'lations  of  the  circulation.  The  ani- 
mals live  for  as  much  as  twenty  hours  after  the  operation.  Their  urine, 
however,  is  very  poor  in  uric  acid,  since  only  about  three  to  four  per  cent 
of  the  total  nitroijen  ii:  now  eliminated  in  thii^  form,  whereas  the  percentaRe 
of  anmioniunx  salts  {lactate)  is  considerably  inrreat<ed.  Amino  acids,  which 
rinrniiilly  arc  tran>iforinc<l  into  uric  acid  iti  hinis,  wlien  fi>d  tn  pyefip.  deprired 
of  the  liver,  are  eliminated  an  ammonium  lactate.  Urea  paK^^en  out  unchati}^ 
(Minkowski).  The  quantily  of  uric  acid  eliminated  also  has  been  increased 
by  electrical  stimulation  of  the  liver  <Mil™y)-  Hence  the  liver  mtist  be 
n^gttnlcd  as  ihc  si'Wl  of  uric  acid  prndiiction  in  bird?. 

We  may  conclude  also  that  tirwi  is  farmed  from  ammonia  to  a  very  larps 

extent  tn   ihf  lirrr^  and  that  the  other  orgaiiM  prolwhly  haw  at  most  only 

a  .small  .Hhart>  in  this  fimetion.    The  digestive  tract  i^  indicated  a»  the  chief 

source  of  the  miimonia  ;  for,  according  to  the  invo^tiga lions  of  Xencki,  Sulas- 

kin  and   others,   the  pen-eiitage  of  ammonia   in    Ihc   intestinal   an»l  gaetric 

mticosa  i&  considerably  greater  ihaii  that  of  the  other  organs;  the  portal  blood 

K  al«>  i*  considerably  richer  iu  auimonia  llian  the  blood  of  the  hepatic  arlcritt 

H  and  veins.    The  ammonia  split  off  in  the  liver  from  the  amino  aeitbt  murt 

H  he  taken  into  account  a](*). 

H  There  is  in  all  thiv  however  uo  proof  that  all  of  the  urea,  exclusive  of  tliat 

H  eplit  off  dircc'llv  from  the  prott-ld   (ef.  page  3tiM),  comes  fnim  auimonia  and 

H  is  formed  in  the  liver.    OiKicn'alion  shows  mther  that  in  the  dog  large  ipian- 

^^^^  titie*;  of  urea  arc  eliminatwl  even  afln-  vomplrte  fxtirpation  of  the  liver. 
^^^P  Similarly  it  haa  lieen  found  that  in  diaeaaea  of  (he  human  liver  whore  the 
^^^  entire  organ,  to  judge  from  examination  of  section-t.  had  l>eeome  conipletcly 
^^^        inedicient,  mure  than  sixty  per  rent  of  the  total  nitrogen  in  the  unnc  hu_ 
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been  oxcivted  as  uTca.  Now  if  it  be  true  that  only  tlift  liwr  can  tnin.-fnrm 
ammnnia  into  utL-a,  it  followji  that  only  a  purl  of  the  nitrogeu  t-oiitaimxl  in 
pmteii!  passes  over  into  amiuonia,  while  another  part  runs  through  other 
Btagcin  until  nnally  it  ahto  is  given  off  from  thu  hotly  uti  urea. 

Under  normnl  circumstanoes  ammonia  in  certain  qunntitics  is  always  present 
in  the  urine.  Thi*  ainmoniB  in  iKTeanary  in  order  to  help  fiaturate  the  aoidii 
cxcpetecl  in  the  urine,  for  the  fixed  baeen  are  not  sufficient  fur  thii*  ijur|«we-  If 
the  acid  ijroUucliuu  iii  the  bu<J,v  is  lurue,  or  if  free  auids  are  taken  into  the  body, 
the  quantity  of  ammonia  is  larger  mid  the  i|uantit,v  of  urea  RorreaiM»ndin;rly 
dccrensFS.  With  inrreaaed  supply  of  fixed  alkalies  the  quantity  of  ammonia  falls, 
and  the  quantity  of  urea  riiwM.  The  fornintioii  of  urea  from  ammonia  vtiriea 
therefore  aecordinR  a9  a  preater  or  less  amount  of  amrnoiiia  find*  employment 
as  suL'h,  It  fippeani  to  follow  from  what  has  already  been  aaid  that  the  reKula* 
liun  of  this  funrtinu  ia  eummitted  to  the  Uvlt. 

The  vric  acid  which  ia  eliminated  from  mammaU  in  general  does  not 
rej)resont  a  pnxJucL  of  proleid  decotiiposilioti.  hut  appears  to  eotne  mainly 
from  the  nucleios  (llorbaczewski).  The  nucleins  are  split  up  in  ibe  l»ody 
intr>  proleid,  phosphoric  acid  and  purin  bases  fef.  page  7fi).  The  latter 
pai*8  by  oxidation  over  into  uric  acid;  however,  some  purin  hasw*  besides  uric 
acid  oceur  in  the  urine,  though  the  tpiantily  of  these  is  rathi^r  small. 

Heecnt  obaervations  (Burian  and  Sc-hur.  Hivi'n)  have  ]>roved  that  uric  aeid 
K  derived  in  part  from  purin  bases  which  are  introduced  into  the  body  with 
the  food  (exogenous),  and  in  part  from  those  present  in  the  body  itself 
(endogenous). 

The  nmonnt  of  the  latter  is  constant  for  the  same  individual — for  an  adult 
man  in  health  Amounting  le  0.3-0.6  g.  {=0.1-0.2  g.  N)  per  day.  It  can  be 
determined  dirv-ctly  if  a  diet  containing  no  nuclpina  (purin  bases')— consisting 
for  pxample  of  millt,  cbee.8e,  eg;git,  potatoi.'S,  rice,  white  bread,  etc, — be  given. 
The  amount  of  purin  bases  and  of  uric  aeid  in  the  urine  i»  then  relatively  con- 
sluut.  nuiwith^Lundiug  that  very  gnat  variations  in  the  quantity  of  pruteid 
may  Iil'  suiiiilied  in  such  foods.  We  have  no  posiitive  information  yet  as  to  the 
pHK-fssi'.^  upon  which  the  tm-callcd  endogenous  acid  depends. 

If,  however,  the  dit^t  nmdisl,  of  foudt*  which  ctjiilain  purin  baxCH  (meat,  liver, 
tbymuM,  etc.)  the  quantity  of  urie  aeid  eliminated  increases  in  proportion  to  the 
amount  of  i>urin  eaten.  The  amount  of  any  purin  ba^*  thai  will  appear  in  the 
urine  as  xucb.  or  as  the  closely  related  urtc  acid,  dependa  upon  tta  chemical 
nature.  Thus  with  hypoxanlhin  (meal,  liver,  spleen)  one-half,  and  with  adenin 
(lh>-niu«)  one-fourth  of  the  purin  nitrogen  feil  appeani  Hgain  in  («»eiitially  the 
sxiiie  form  in  the  urine  (Tlnriiin  and  Si-bur). 

According  to  tht;  iuvestinationH  of  Wicnent.  uric  acid  ifl  formed  at  least  ia 
the  liver,  the  thymuit  and  Hpleen,  and  it  in  n*>i  unlikely  [hat  alt  the  ortrans  par- 
tieipate  in  its  production  according  tn  the  quantity  of  nucleins  ooutained  in  tbtun. 

At  any  rate,  the  purin  derivalivcs  gi%-en  off  in  the  urine  of  mommaU  i«  only 
a  fractional  part  of  that  taken  up  in  the  fo<Ml,  or  of  that  formed  in  the  body 
itself.  A  considerable  part  of  both  must  l>e  further  oxidised  and  be  trauBformed 
into  urea.  Probably  the  bcft  proof  of  thia  is  the  fact  that  after  extirpation  of 
ihe  kidncysi,  uric  aeid  docs  not  oecumnlatc  in  the  blood.  Ilenee  the  normal 
elimination  of  uric  acid  might  W  due  to  the  rin-unislance  that  Ihe  transforma- 
tion of  urea  is  not  quite  cumplutu,  but  the  bluud  lakes  the  upporluuily  presented 


during  its  paasafrc  through  the  kidneys  uf  partially  ridding  iuwJf  of  waste  in 
the  form  nf  urin  acid. 

Allanlfiin  iippenrs  in  the  uriiin  nf  the  dng  flflcr  ingestion  of  nric  acid 
(Salkowiiki).  It  Idik  been  UeuioD^lnited  aho  in  Iho  urine  of  man — v.g..  in 
hepatic  cirrhosis.  This  compoand  might,  thcrofrtre,  represent  nn  intormcHiary 
t<tep  in  the  dentnictJon  of  uric  acid.  The  ftcnelir  relationship  l>ptwecn  the 
tulwtanccs  considered  here  will  be  evident  from  the  folhiwing  formula:: 


HN— CO 

N— C— N  " 

Hyinzanlhl'n 
(S-Oxrimriur 


HN— CO 

OC    C— NH, 

I      I  'CO 

HN— C— XH' 

Ca.  a,  (f-Trlozyparlii) 


NH. 


NH-CtI— Nir 

AUutoIn 


CO 


.NH, 

'^NH. 


(OvtwBide) 


It  npiionr«  from  wvoral  ubMcrvaticnie  that  the  liver  is  the  seat  of  the  dentnte- 
tion  of  uric  acid.  By  artiticial  perfusion  of  thie  onran  with  bluud.  or  by  digestion 
of  urir  acid  with  (iruund  liver  aulMtantn-,  uric  arid  dinapiK-nre.  HforenTcr, 
owNirrting  to  Tturian  nnd  Schur.  it  immediately  appear*  in  the  blood  of  iiephrec- 
tomiztnl  do|pi  when  the  liver  alwi  im  thmwii  mil  of  the  etrciilation.  And  yet 
Ib'TL-  nn.'  otbvr  obsi.TvtiliuuB  which  go  to  show  that  olhor  urgans  aUo  are  capable 
of  decMnipnsiiiif  uric  iieid. 

Uric  acid  tht^rcftire  rcpn'seiita  an  intermefiiary  producl  al  metabnlium  in 
Mnmmnlin.  Tn  birds*  it  is  ihc  chief  nitNigennun  end  proihict  of  prnloid.  and  is 
formed  f»r  th4>  mnst  part  by  a  hynlhctic  proc(.-«!t  carried  tu  eompletioti  in  the 
liver.  A  riMlilue  of  nn-u  niid  Knrcvlactic  acid  are  probably  to  bv  n:<ftardi*d  a*  the 
batial  matcrinl  nf  thif*  nynthesia. 

Tho  sulphur  cHulftinecl  in  proloid  i»  eliminated  in  the  iirinc  mainly  as 

MilphatCH  niul  cthcrcnl  sulphates  ("acid  sulphur"),  but  tn  part  alno  an  "neu- 
tral nulphur"  (Milpho-evanic  acid,  derivative  of  taurin,  cvstein.  oxyproteiu 
acid,  and  other  nrpinio  compnimds).  A  part  of  the  sulphiir  moreover  is 
given  off  ax  tauriH-holic  arid  in  the  bile  (cf.  ^mfi^  253).  It  ih  likely  that  this 
Rulphiir  comes  mainly  froni  the  cy^tein  group. 

As  mciitionLHl  at  piifje  \'i7.  it  is  very  pn>lmble  that  unilvr  certain  circum- 
stance!' at  lea*t,  carb'.»h}'d rales  arc  formed  in  Ihe  body  from  prnteid,  and, 
indeed,  that  this  mav  take  place  without  Ihe  participation  of  the  cnrbohvdrale 
group  irontained  in  mo«l  pnncidn.  Fn>m  all  lliat  we  know  nf  the  manner 
of  cleavage  uf  proleids,  llii.>i  formation  of  cart>"hyilrate»  mu»t  \>e  rt-ganlfi 
B«  a  Kyntlictic  proceiw,  in  which  sugar  i*  oonntrueled  by  splitting  off  of  the 
amido  groups,  and  by  tiynilicsiii  and  partial  oxidation  of  the  N-Crcc  fraction 
remaining  (F.  Miiller). 

Aecording  to  a  eummar;-  of  Langstein.  iJie  following  powibilitie«  are  t«  be 
couaidered.  Lactic  acid  can  be  obtained  very  easily  from  alanin  by  the  action 
of  nitrous  aeid.  Thia  ii^  an  iBomcr  of  glycerin  aldehyde  whieh  eaaily  eundcn»ca 
to  dextmae. 


CHNn, 

COOH 


en. 

CH.OH 

Ct)f>H 
LMtlc*dUl 


CH,.OH 


CH.OH 

cut) 


CH^OH 
(CH.OH), 

CHO 
Danran 
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In  fact  after  ftttliiig  with  ulBtiin  laoti<;  ac'ul  is  nbeHrred  in  the  urine,  snme- 
times  tiUn  nn  incrcnse  of  the  liver  friycdfreii.  Whetlicr  wo  have  here  a  direct  of 
an  itidirt'rt  fonuatioii  of  R].v<-ogrn  (cf.  jmRe  lUtl)  cHiitiot  \h-  dti<.-i<led, 

Moreuvtrr  kukuf  niitrlil  be  formed  from  leueiii  by  passing  through  tho  stage 
d£  tctra-oxyamiuo-caproic  acid  (actually  deaiouiit ruled  in  the  body)  tu  dextrose. 


CO.  OH 
CH.NII, 

mi, 

en 
CH^  en, 

Leudn 


CH,.OH 

CH.NH, 
CH.OH 
CH.OH 
CH^  GOOH 

IVUtv  •  I  >  y*ni  ino- 


CH,.OH 
CH.OH 
CH.OH 
COH 

cn,  boon 

8«>cc]iarinlc  Mid 


CH,.OH 

CH.on 

CH.OH 

CH.OH 

CH.OH 

CEO 
OadroM 


It  would  He  possibit'  also  for  leuein.  by  hreaktntt  down  the  carbon  choin 
bftwcfii  tliL'  ja  mid  y  atoms,  to  pnfts  into  siignr  by  way  of  alniiiii  mid  laetie  acid.' 
ObwrvBlidii)*  on  dinli^^lir  palipnis  liktwiw  favnr  this  id«'a  of  ti  iiffMhiction  of 
sDgnr  from  leueiaj;  for  by  feeding  leuc-in,  a  distinct  iiien-aw  uf  tbi*  hukut  elimi- 
nation is  oblaicii-il. 

Finally,  a  production  of  sugar  from  diamiuu  acidB  by  way  of  uxyuminu  acida 
ia  poftsibte. 


§  2.    THE   DECOMPOSITION   OF  CARBOHYDRATES 

The  carbohvdraios  tUisorbeil  from  the  inieHtiiic  reach  the  blood  for  the  most 
part  as  dejclroae.  If  the  pereentage  of  sugar  in  the  bUxKl  by  reasnon  of  an 
extra  lflrj^>  quantity  in  the  food,  cxctwds  a  oertain  low  limit  (from  fl.2  to 
0.3  ])er  cent),  a  jiiirt  of  tho  sugar  is  eliininatoii  through  the  kidneys  iu  llio 
nrin«  (atimenfary  gftfcctmria,  cf.  page  1211)  ;  otherwise  the  urine  contains  only 
Imcea  of  .sugar.  The  kind  of  sugar  appearing  in  the  urine  under  Ibei*  eon- 
dilions  is  always  the  same  as  that  fed  in  excels.  Stareh  doe;^  not  produco 
ftlimentary  glycosuria,  prnbahlv  because  n  sudden  flooding  of  the  blood  with 
eugar  is  preveiiled  by  its  rohiliiely  (*Iow  rate  of  digestion. 

Sugar  which  is  not  immediately  oxidized  w  stored  in  the  lody  cither  as 
fat  or  as  ffhjcagen.  and  is  then  drawn  upon  as  required.  The  greatest  part 
_of  the  glyeogcMi  if  depositeii  in  the  liver,  hut  it  i*"  not  burned  there.  It  passes 
.some  way  into  tho  general  circulation  aud  is  oxidize<l  in  the  tii-sues  of 
body,  espi-cially  in  the  mn.'^cles.  It  is  poHsihle  that  this  transportation 
is  aceonipliBhed  ia  part  by  the  help  of  the  lyueocytos.     Another  and  in  all 

*  Tbi8  powibJlity  is  stretitctheried  by  the  obitervatioit  of  Embden,  Salomon  and  Schmidt  ^| 
that  oceloue  is  obtained  by  perfusion  of  leufin  thronfih  a  Bly<'OKen-(re«  liver.  Quite  re-  ^^ 
Kntty  also  Luak  and  A.  it.  Mandel  bare  shown  that  in  i>hli>n<t3iin  diuiietof  Mkrcolnctic 
acid,  injcctiHl  eub^ulaneoiifily.  i-nn  h«  synlh<rjiin.-ii  inlo  rtcxtroM-  ;  itnii  AlriiimiM  nnd 
Gmbdoii  have  ohtainpd  a  prvdiicliuii  of  laelir  acid  by  lu.-rfui'iuK  btood  containiniu;  Klyn>- 
gao  or  dextmee  throiiKfa  a  Iivcr  eonlaiciuiE  no  ^lyc<*K(^n.  a^  well  a-"  tiy  pcrfuMDii;  a  tdood 
—wr  in  suRar  tbrouKb  u  liver  rich  in  K'y'**"-  '-ugt  bas  NiiKKetled,  therefore,  that  tho 
rv  ui  llm  IxKly  of  vurhnbydrateA  derived  from  pmteid  may  include  the  followiog 
:  (I)  lactic  acid,  t2J  dextrose,  (3)  glycogen,  (4>  dextrowj  1.5>  lactic  add. — Ed. 


lAft 


probability  a  much  more  iinjKirtrtnl  part  uki-a  place  by  tin?  transformation 
of  glycogen  int<j  dextrose,  wliicli  is  tln-H  carricil  in  Holution  by  tin;  blood 
pltuma. 

The  physiot(>(rieal  prutluclion  of  auuar  in  tin;  Wwt  wliirh  was  diiKfitverrd  by 
CI.  Jk-ruunl  (1H53>,  liim  »iiH;i-  that  tinip  ofu-ij  \x^^•n  deniet]  on  tbe  ofMuiiiiUion 
thiit  the  iiicrptiHi!  of  HUfrar  ousily  d4*nionsl ratcil  iti  on  excincd  Hvor.  i«  due  to 
|)oal-mortcm  pHxtiiai-rt,  This  rX|ilanation,  hnwercr,  ia  not  l>i>nic  out  by  w<"ll- 
fliitht-nlicRtf^l  fni't*  ohtrtitK^I  fnmi  lujiiiy  exiwrimviitft;  hence  thf  formation  of 
Hiigar  in  the  liver  must  be  r«Kardi.-d  oa  a  phyHiolfitfit^nl  pn>coKS. 

For  example,  if  u  pmiclure  in  \\\*i  middle  of  ihf  floor  of  th«  third  vuntriclo 
lH.'tw«*n  ihf  iHiirilit  of  oriiiin  of  ihr  auHltory  nerve  and  the  vaifus,  lip  inndo  with 
a  blutit  ntfdic.  sugar  immedialfly  appears  in  the  urino  {puncture  diaheit*  of 
01.  IVniard),  and  the  liver  nrlycopen  rapidly  iliiinppt^nt.  If,  hi>wcvpr,  iho 
puui'turt'  ex|R>nmenl  be  performed  on  a  fatitintr  niiimAl  whoHe  livi-r  tfl^eoKen  is 
already  used  uj),  no  xufrar  apiioara  in  the  urine. 

After  a  time  tbe  liver  rerovern  ita  ability  to  store  up  earV>hydraIea  aa  glyeo- 
gen.  On  ihia  fci'i'iund  the  formation  of  suKar  miftlit  be  rtgardul  afl  the  nwult 
of  a  Atimuliii,  and  not  uh  IIil-  nwult  of  dee<>ni(>oMi(icin.  Tbe  tilimiiluH  in  eirnvt-jed 
to  the  liver  by  the  i>plunchniet<,  for  after  Miction  of  these  nerves  the  puncture 
is  ineffeelive. 

Sufc&r  in  the  urine  ran  be  enuHeil  nlM>  by  Htimulation  of  numerous  afferent 
nenrea.  nn  veil  as  by  vari^nis  tnnimatic  nrd  operative  effeeta  widely  different  in 
eharacter  (e.  k.,  coneuniiion  or  bemorrhttK*^  of  the  brain,  inflaminalioii  of  the 
brain  membra itC!*,  neuralgia,  etc.).  Iteflexen  are  involved  here,  wliieh.  with  the 
e(»i>peratio[i  of  the  medulla,  lead  to  an  iucreawd  fonnalion  of  sutrar  in  the  livtT. 
By  meanR  of  thene  reflexes  the  workiufr  orjtans,  e.^jHeciully  the  muwles.  ri'move 
from  the  liver  the  carbohydrate  fuel  re<iuired  in  the  perforroanee  of  their  func- 
tions. They  ennntitute,  therffore.  ai*  i^iiffer  ha)'  poinle<l  out,  an  ini|H-trtant 
re^iutatory  mechaniam  for  the  consumption  of  the  available  material  in  the 
body. 

The  tranafnnnation  nf  Rtyeogen  to  au^ur  is  rcKsnled  by  xome  autliora  ua  an 
ezpres-sion  of  the  vital  aotivity  nf  the  liver  wIIb;  othera  explain  it  aa  the  effect 
of  n  special  enzyine  which  i»  formed  in  the  cells. 

After  extirpation  o(  (lie  panrrraa  (of.  pajte  3f!2),  aft<»r  pni^onin)?  with  llie 
gincoside  pbliiridzin,  in  diatielfw  nn'llituH,  and  under  certain  oLlii>r  cireum- 
btances,  the  nietatH>li^in  of  ttie  carliohydratua  uudergoe^  u  chrouic  change,  so 
that  sugar  in  ahnonnally  large  quantities  ta  ^ven  of!  in  the  urine.  In 
phloridzin  poisoning  (hia  is  rjiuscd  primarily  by  an  Increased  perineahility 
of  the  kidney-  to  j^ujjar,  whereai<  the  other  fnrni)*  of  uiorliirl  ;.'lycosuria  ariso 
hocau«'  the  hrwly  has  loiit  to  a  greater  or  le^ts  extent  llie  [wwer  either  lo  hum 
sugar  or  to  store  it  up  as  glycogen  or  fat. 

Tn  the  Mvcallixl  light  form  of  <1ial>etef>.  sugar  iii  given  off  through  tho 
kidnevfl  only  in  ea;*  ihe  food  eontaliw  carijohydraicH;  if  rarl»oh yd  rates  are 
prohibited,  the  loss  of  sugar  ceai^eB.  In  tho  (*very  form  of  the  disease  lo 
which  pancreatic  diabetes  belongs,  sugar  appears  in  the  urine  even  if  no 
carbohydrates  W  given  in  the  fooil.  The  body  then  oxidizes  little  or  no  sugar. 
although  its  jiower  to  oxidize  iw  not  at  all  rwlueed.  Since,  as  was  above 
rem«rke<l.  at  pnge  12.S.  jiugar  is  probably  not  formed  from  fat  in  lite  body, 
the  sugar  in  thid  case  must  cotne  from  the  proteid. 


I 
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In  diabetes  there  appear  in  the  urine  besides  sugar  the  so-called  acetone 
bodies:  /3-oxybutyric  acid,  aceto-acetic  acid  and  acetone,  the  relations  of  which 
to  each  other  are  evident  from  the  following  formulee : 

OH,  cn.  on, 

CH.OH  CO  CO 

CH,  CH,  CH, 

COOH  ^"^^^^^  m^tS^u>^> 

P-OzybutTTio  add  AoM»«oeUo  Add 

With  the  exception  of  acetone,  which  is  eliminated  in  small  quantities  under 
physiological  conditions  also,  these  compounds  never,  so  far  as  known,  appear 
in  the  normal  urine;  from  which  it  follows  that  diabetes  must  be  intimately 
connected  with  deep-seated  changes  in  the  general  metabolism. 

Most  of  the  carbohydrates  pass  througli  the  stage  of  hexoses  before  they 
are  further  decomposed  in  the  body.  Like  the  other  foodstuffs  they  arc  not 
immediately  oxidized  to  their  end  products,  but  pass  through  more  or  less 
complex  groups  before  being  eliminated  as  carbon  dioxide  and  water.  To 
these  intermediary  products  belong:  glycuronic  acid  CH0.(CH0H)4.C00H, 
which  in  its  turn  can  be  transformed  into  oxalic  acid  in  the  body ;  sarcolactic 
acid  ( ?)  ;  and  ethyl  alcohol.  It  cannot  be  decided  yet  from  the  observations 
thus  far  reported  whether  sugar  always  breaks  up  in  the  same  way,  or  whether 
under  different  circumstances  and  in  different  organs  it  runs  through  different 
cleavage  products. 

§  3.    THE  DECOMPOSITION  OF  FAT 

Pat  eaten  in  excess  is  directly  deposited  as  such  in  the  fat  cells.  How  it 
is  transported  and  how  depositeid  is  not  yet  entirely  clear.  Metzner  in  his 
investigations  of  this  question  was  unable  to  find  anywhere  a  depository 
where  fat  was  entering  cells  in  corpuscular  form ;  he  never  found  in  the 
immediate  neighborhood  of  cells  any  fatty  granules  similar  to  those  found 
inside  of  the  cells.  Moreover,  in  the  very  early  stages  of  deposition,  fat  is  not 
laid  down  in  the  form  of  granules,  but  in  the  form  of  minute  vacuoles  which 
expand  and  enlarge  from  day  to  duy  (cf.  page  304).  These  facts  are  inter- 
preted by  Metzner  and  Altmann  to  mean  that  fat  is  added  to  the  cells  only 
in  the  form  of  soluble  cleavage  products  (fatty  acids),  which  are  synthesized 
again  into  neutral  fats  in  the  cell.  It  is  not  unlikely  that  fat  is  again  split 
up  when  it  leaves  the  fat  cells  and  is  carried  to  the  different  organs  in 
soluble  form. 

For  the  purpose  of  obtaining  some  light  on  the  oxidation  of  fats  in  the 
animal  oi^anism,  Pohl  has  studied  the  behavior  in  the  body  of  those  inter- 
mediary cleavage  products  which  theoretically  may  Ix'  expected  to  appear  in  the 
normal  course  of  fat  destruction.  Thus,  if  the  series  of  substances  which  can 
be  formed  in  the  oxidation  of  highly  complex  fatty  bodies — i.  e.,  fatty  acids  and 
carbohydrates — be  arranged  in  order,  it  is  seen  that  relntivel.v  simple  inter- 
mediary compounds  precede  the  formation  of  CO.,  alike  for  the  most  widely 
different  bodies.    If  now  it  can  be  shown  by  experiments  on  animals  that  sonaB 
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of  the  thcoretipnlly  pospible  pr^dt-cwMsont  of  oarbun  dioxide,  when  injected  directly 
itilu  till-  uiiimul  l>o(l.v,  an^  destructible  but  others  are  uut,  nomc  idea  can  be 
fnrmrd  whether  nr  iml  siirh  intemieiiiary  eomiHmiKJjt  n|i[H>ar  iii  the  jih^.^iological 
oxidntioii  uf  cuinplex  fat  budics.  Pohl's  invent igatiun  hoit  itbuwii,  for  example, 
that  oxalic  iieid  in  iiidottructible  in  the  »ititii)il  b'nly;  that  the  acids  prcBUmsbly 
occurriiiK  tii  the  oxidation  of  thi>  ethane  deriTalivca.  (^lycuHc  acid,  CH,.OH. 
COOII,  and  plyiatylic  arid.  rn(nO),.COOn,  can  be  de*tni3-ed  in  relatively 
large  iiuHrititi*-!)  without  forming  any  oxalic  acid,  m  occurs  when  they  are  oxi- 
di»:>d  outeide  the  body.  Tbwrefore,  the  most  hiftiily  oxidiw-tl  arid  of  tin*  scries, 
which  is  conibustible  in  the  body,  nnmely  glyoxj'lie  acid,  may  be  considered  as 
ihc  nrajBTC  immL'dialcly  prewdinpr  the  carbon  dioxide  excreted.  Glycol,  OII,OH. 
Ciron.  ii"  only  partly  eoinbiisitihle  in  the  brwty  wUhrnit  forming  oxalic  acid. 
Malonic  acid.  CII,(C0011)„  tartronic  arid.  riLOIUfOOID^  mesoxalic  acid. 
(nO),.C.(CO0II>..  glyceric  ucid.  CIl,.(On).CII(OU).CO0Il.  arc  combus- 
tible and  thuB  their  pniduetion  a»  intvmiediary  B(agi?8  in  animal  eombustion  t3 
rendered  poRsible.  On  the  nther  hand,  the  body  ban  the  ponvr  to  burn  tartaric 
acid.  C,I[«0„  only  to  a  slight  extent. 


i 
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SErfiR.it,  orpanB,  the  skin,  tlie  inlesline  ami  liver,  the  lungs  ninl  (lie 
kiflnev*.  in  adtiition  lo  their  othur  functions  have  the  function  <if  oliminatinjEf 
various  Rubstanf-fw  wliirh  are  uscIpa*  ur  lianiiful  lo  the  body.  We  plare  fir^t 
among  thetic  subsfanw,s  the  produels  formctl  in  the  dficomposition  of  the 
foodfiluffs.  Subj*tances  ali*t>  whicli  enter  the  bodv  in  one  way  or  another, 
end  lliemselves  exert  a  harmfnl  influence  are  thrown  out  cither  unchanged 
or  more  or  less  transformed  by  the  activity  ot  fonie  orjran.  These  tnins- 
formations  in  many  cisea  aro  for  the  purpt^se  of  rJumtjing  harmful  /rnhMnnces, 
which  cannot  be  eliminated  at  once,  into  relatively  harinU^^  ones.  We  have 
already  become  acquainted  «'ilh  an  example  of  thie  in  the  formation  of  urea 
out  of  aminonium  salts  (cf.  page  37U).  Here  belong  aUn  the  following 
pliencniena : 


In  the  piitrr-fnctinn  nf  proteid  in  the  inlrsline  thepp  arisp  nmonff  other  ppotl- 
uvi»  iiidol,  tikuCdl,  punicn-Hol,  jjhetinl,  phenyl -]in>|)ioiiiL'  acid,  phcnyl-aectic  ncrid, 
paioxj-pbeiiyl-neetic  acid,  pa roxy -phenyl-propionic  acid,  etc.,  all  belonRing  \n 
the  uruiiiatie  series^wliicb  in  pari  puK»  inlo  the  cinrululiun.  Of  ihL'se  the  lat^t 
ivny  named  (the  so-called  Rpomatic  oxyacids).  paroxy-phciiyl-propionic  arid. 
CtH,(Olt).C,II..CO0n,  dorived  frtim  tyrosin  by  Xhc  splitting  off  of  ammonia. 
and  the  dxidntitin  pnidut-t  iif  (his  acid,  paroxy-phunyl-iie^'tic  acid.  C,IT,(OII). 
CHj.COOII— these  two  pass  out  in  the  urine  mostly  unchanged.  The  other* 
are  not  burned  in  thir  Iwdy.  but  bfftire  thpy  mme  out  in  the  urine,  they  undergo 
a  ayiilhetie  lnin.-ifomiHtion  by  which  they  are  rendered  innof^Jous. 

The  earltc^tt  known  exnmpEc>  of  such  transformatinns  is  the  demonstration 
by  Wohlcr  (1S24)  that  beruwiir  acid,  wlien  iuRe^ited  into  |be  animal  body,  paftscs 
OTer  into  an  mv'uh  rich  in  curbi'ii.  but  ptior  in  nitrofien.  naitK-ly  hijipuric  acid,  and 
is  excreted  as  such  throuKh  the  kidneys,    llippuric  acid,  CJI..0O 

\ 
HK.CII^COOII. 

is  a  compound  nf  Biycoeoll  fnmino-acetic  acid.  NTTj.CHi.rOOH)  with  benzoic 
acid,  which  is  an  oxidation  product  of  phenyl- propionic  acid  C0.H4.CHj.CEI^ 
COOII)  formed  in  intestinal  piitrefactiori. 

The  liyntbesia  of  hippuric  acid  take*  place  in  the  dog  exclusiTety  in  the  kid- 
neya  (Schmiedeberfr  and  Bunce).  but  in  the  rabbit  in  other  ontans  also  such  as 
(he  liver  and  muscles.  If  salicylic  acid,  oxyhenzoic  acid,  paroiy-bcneoic  aeid. 
etc.,  instead  of  bcnjtnic  acid,  \>f  ferl  lo  mammals  ihry  hII  undergo  t rani* formations 
analogous  to  that  of  lieneoio  ncid  into  hippuric  acid,  t^i^(.'e  like  it  they  unit** 
to  a  greater  or  less  exteut  with  Klycocoll.  The  acids  thus  formed  have  been 
designated  as  »alicyluric,  oxybeneuric,  paroxybenxuric,  etc. 
378 
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Tlic  folloviDg  syntheses  appear  to  Uke  place  in  different  organs  of  tlitt] 
body,  especially  in  the  liver: 

CU  C.OH 

Indolf   C,II,    CII    pluses   afler  absorittiou    iuto    indoxyl,    C\I1,       GUi 

Nil  NH 

aiHl  this  body  tbuii  unites  with  sulphuric  acid  into  InUoxvl-sulphunc  acid,  urina 

indican,  C,H,CH 

In    an    exactly  siDiilar    way   there    arise   from  ekatol   or  metbyl-indol, 

O.Gll.  ecu. 

''    "*  ^    ^ 

C,II,     CU,    fimt    skatoxyl,   C^H^     C.OU,   and    then,    skatoxyl -sulphnris] 

Nil    C.CH,  Nil 

acid,  C.n.     'C.O.SO.(OU) ;   from  phenol,  C',H,.OII,  pheTiol-sulphuric  acid. 


NH 


.OH 


0,H,.O.SO,fO]|) :    from    parncresol.   C'^H^^pj,     poracreaol-salphnrio     acid^ i 
.  O.S0.(0U) 

If  the  itul|iluiric  atrixl  xvnilnble  i«  not  suifici^iit  for  th<>  combinntion  of  the 
plM-imlw.  itif.v  un-  imin-d  with  Kl.vi'uruiiie  acid  (i>bkv  37tS).  Thi»  iit'id  is  un  JnttT- 
medinry  prndut't  of  innnlH)lisin  and  ia  further  decompcmed  except  when  it  is 
prottfoti-d  from  combustion  by  pairin^r  with  other  ftubfttaocoa. 

W('  have  already  studied  tht'  processes  of  excretion  in  the  inteiitinc.  in  the 
liver  utid  in  the  lung^.    There  remains  for  its  to  diitcuss  uxcrction  ihmugh  thSj 
kidneys  and  the  skin. 

FIRST    SECTIOX 

THE  URINE  AND  ITS  EXCRETION 

g  1.    THE   URIITE 

The  urine  is  formcHl  by  the  action  of  the  kidneys.  It  conlninfl  the 
of  the  nitrogenoiw  and  .■mlphur-c-ontaintng  prtnliirls  nt  nii-iiiimliiim  as 
as  a  large  number  of  other  subt^tanecs  to  he  eliminatoil  from  the  body. 


A.   THE  GEHERAL  PROPERTIES  OF  THE  URIRB 

Thu  rvacliun  uf  o  tuimplv  of  urine  <]iif«ra  nocordiiiR  to  Ibe  indicator  u^ed. 
With  phenol phthnleVn  it  in  arid,  with  lilmas  ncitl,  neutral  or  alkaline,  with 
methyl  orflnKT,  alknlino.  Thin  differfncc  ia  referable  to  ibe  properties  of  ibo 
diffcn-nt  indieatnni,  which,  nccordinR  to  the  theory  worked  out  hy  Oxtwuld.  rep- 
resent weak  seids  or  bii»t.-«  whose  rudieaU  as  free  ions  potw«w  other  0"I"n»  than 
those  which  the  eJectrically  neutral  molceuleis  putfWMS.    Thus  pbenulphlhulviu  in 
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as  ^»  mSaaoL  s  a 

iib4ii    if  zs  ji^nclw  m^  «■■■>  u  tfar  &■£.    Bat  'at  -ib^-  iaa=  -ai>-  ymeam.  a 
vir^  »  wLLj  ^vi>  csB^  4f  hjifciMji  -ir  spcneoL  m«w  'lae  sac  -ie-  tt 
F  "W  'iiJTuM  II  ■■«  he  WU.J  wik  s.  iiiiw||«  "iiiiii  '31  :^  MStf  ir  tmt  "U 
TW  aea£=T  «€  «afc  ■  ifc   iftiwwf.i  <^  m£j  x  araeesfawc  a«  3 

ik  hdp  «f  »  «HiK«b^  ccnn^r  acid  ■■  iiiA'fHg — c  c-  jmujE  'IOiir. 

5«v  ^^  v=hm  fiHsraa  vok  adifc  Mcfc  as  CD^  »<  H.FO.  at  gjimMi'iii  mm 

VUitT  U  "^^■■"''  ;b  UH,  EBKCIIK  4^  ■>!■>■  ■BE'  ■■>(.  ^faunfiBE^  3Be  X  l^C?  "wiaK 
aoi  as  anfigaair,  Xccfaer  wAfl  waa^t  iwr  Ssni^  b  vvax  eunocL  v  W 
la  1 1  iriii  i  if  ea»na  <6nx>^  4r  w  deSHt  gfaaphTrif  aoj  a»  m  -BamRtr.  Toaa.  j^ 
^  a  '  I  Hmi fi  aeaL  |^if.JgjiifcatiTi  hw.im-  s  kbiui^iv  »■  ^ta.  A^auoKa.  'aa 
tftorf  &j*tiigta.  Ao^  4f  jhwyhii  ■    acid  caeap^  CE- 


aod.  A  pisnil'T  •r^^H^*  ntaeoiB  »  ■ev<a'  muz  wna.  ■?xi.-«7C  is.  xrnw  -nus. 
hw  fsHend  baeunsi  'leuwytfDBM  ( Ajntiaca  ami  Frjet^atoul.  > . 

^  cimcaia  oat  bkt  ahjuuui  the  crve  ciiHsieal  a^iirj  ■}(  -3?  nn^ 
■eaigf-fi  a»  Z3mt  '{VsncxT  •»{  alkafx  vfaie&  b9<c  be  a^&^  ::•]  >fiRHao*  til  ru 
■ari  h:7>£r>icHi  viia  a  bmi>L  Fp«  die  pf[j^eo-ditfaLX*aI  Ttaaismiiw  hiim- 
ewr.  Ji^trn  nusat  die  <w»on«JPtf isa  41^  kftirnffn  im*  jikmol  zi  'Tie  liitiiiiL 
AeenvviiBc  wO  t.  Khars'  xnd  Hoeber.  1  L  -rf  xrtae  'Tcatilatr  '7a  du?  A*»i.fcg? 

iTBi  **  wmpcnd  wick  f>.4»Wl  n^.  in  (i^cilLai  wiser.  T^Lis  ji^jLtj  '^}i-t«<o«>iii^ 
b»  aa  aeai  wiurii  in.  jV  '^o^vcsn  u*  dasodased  to  -^  pifr  <:«1L  uii  i2>  ^vnie  ii9L 
dtMBiBaii  dsies  U>9b  dm  that  tieGEmuiKii  bv  ctru^io. 

»  *e»rrely  pAOHOte  m  (iet^mine  -ie  fiuuc  -if  -die  •i£i<*refl;  -^.tiscTiKa":!  Ln  i^ 

Ftjmi  KTubf  as  a  nile  is  perf«cd.T  <!■.«;■:  biz  oc.  ^-tnt- tj  ;-  -mmtf^inies 
beconi»ai  •nrr*ii*f  owin«  »  tbe  wparadna  of  iraMs.  Tbr™  il-r*?  ir c«ir^  m  :t:  1 
wai,  df-ji^ilrnt  preeipctaee  inaheenlai.  *iLj?ii,  i.-f^.i-.'-^r  :■:  51  A.  HL  M^raiir. 

macJTt*  3i»*!nhraiiii  •■>f  the  urinarr  p*»eajz«f  jnii  rn'T-":  rr^  '~m  irtjas  1=  j  vmc 

The  T'-'Vr  '^■*'  irt*"  «rvii/»  -iewTntti  y>  a  '?»;r:A;s  -rr-ri:':  -"t-c  it?  ^-'Ct-^amrt'o. 
ami  T!—.-!  TT^-'z  JUiTi'iar-ins  •:"-c.*^*^inr.on  fr^-ci  -triT  relloT  :■:    -Art  -^itiisii 

Thii  •i'uiit.t-ttf  --if  TiTJu^  •l*rT»infi~  i>'a  i^jst  .""--^T-'-t"''— '.  i:i«:  ■:i«rrvf>r» 
Tariftrt  '■^in.-;<i'-rar.tj.  The  av^raje  •iijannrr  f:.r  ,1::  iiii.:  —jji  zij-  :e  -r-rimarf-l 
ac  ahon"  !."•■"  :■-■■,  -*-r  ii-. 

T^-r  ip'-i^r  /— iciTy  f  the  nHzie  il-rT'  vi-es  ■-  zijn  irrz.  1 'IT  -■'  I  '"J"  ; 
bat  ;t  mij  fi,I  L-f  .vw  j>  I.'>«>"2  inii  ri,?*  i:^  ^lizt  !.■?  1.  -iT 

of  die  freeziiur  >/i2t,  ^taa«i»  ia  a  'xrtain  r^Ladon  o.  lie  sswiLzi:  ^r-i''--:?     f  -  ami 
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can  be  Mttmfllcd  approximately  by  the  formula:   6  =■73  (» — I).     Th*  relation 
Wtu'eeii  th^  molecular  conc«nlration  of  organic  (Co)  find  inorganic  (Ci)  nio1«* 

cule«.  T^,  is  commonly  0.75  (Burgareky). 

rrine  injefU-d  intravonou^ly  into  an  animal  produces  an  acute  poifionifi^ 
which  resulu  fatall.v.  The  toxicity  of  different  urines  appears  to  l«  *ome- 
wlint  dilTerenl.  and  Bouchard  de^^i^iates  m  the  toxic  unit  (uratoxy).  the 
quantity  (cul>ic  centimeter?  per  kilo^am)  of  urine  fiuHicient  to  kill  a  rabbit: 
this  quantity  varie.*  from  .'H)-«i(i  c-c.  Attordinj?  lo  Bw'k,  lln-  toxicity  of  nnrninl 
urine  di?|HUiilH  up<m  the  presence  of  jKitos-'^ium  salts ;  Imwevpr,  tlien>  are  alka- 
loidfll  substances  in  the  urine  which  are  present  only  in  small  fjuantitie?'  nor- 
mnlly.  but  under  abnormal  crmdilion^  are  probably  eliminated  in  larger  quan- 
tities, and  these  might  thertrforti  increase  its  toxicity. 


B.   COMPOSmOH   OF   URINE 

1.  Urea,  or  carbamidu  fcf.  paj;^  :>7'i ;  also  Fig.  131*),  is  the  mojit  important 
and  most  abundant  coniitiiuent  of  unnc.  The  daily  excretion  deiiends  upon 
the  supply  of  proteid  in  the  fooil.  On  Voifg  normal  ration  for  a  moderate 
worker,  line  quantity  U  about  30  g.  per  day.  I'suaily  two  to  thrw  per  writ 
of  llie  urine  is  urea.  About  ninety  ficr  cent  of  the  total  quantity  of  nitrogen 
in  the  urine  of  man  ttp]K-ar8  in  the  form  cf  urea. 

rren  van  first  •tcpuraled  from  iiriiif"  by  Rnnelle  (1773).  In  lfi2S  Wnhler 
•accciiilt.-d  in  prtrparing  it  8,viklhelicall,v  by  heating  a  solulioa  of  ammontum 
isucyanate: 

C  =  N-NH,  =  CO  ^■ 

This  Mytitbestis  wan  the  first  instunrf  of  the  production  by  arlificial  mcnns 
of  a  subntancf  i>e«?urring  in  Ihe  niiiiiuil  Imdy.  luid  led  the  way  U>r  all  th<'  or^nnie 
8.Tntbe»e!!  po$i<ible  to  modern  !>cipuce.  F^<^  this  rfanon  Berzeliua  proposed  that 
tile  radical  of  ureu  be  named  jiruiu  (signifying  "  davru  "]> 

The  origin  of  uren  in  the  animal  Ix>cly  ha»  already  Ijeen  considered  in  Chap- 
ter .\ll.  Here  we  may  add  the  following  data  from  SchondorfT  with  regard 
lo  the  percentage  of  urea  in  the  difTcrent  organs.  Tho.se  relate  to  a  dog  of 
3'^  kg.  weight  after  abundant  meat  feeding.  The  organs  investigated  amounted 
altogether  to  fifiy-three  per  cent  of  the  entire  body. 
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The  percentage  of  urea  in  the  individual  organs,  with  the  exception  of  the 
miiscIiA,  the  heiirl  and  ihe  kidm*\'$,  is  thus  about  the  same  as  that  of  tlie 
lilooil — i.e.,  i>n  Ihe  average  OA'i  per  cent.  The  hiph  poroeniajre  in  Iho  kid- 
upys  it*  lo  lie  eiplaincd  hy  (he  prescnee  there  of  tin-a  formcil  in  oihtT  organs, 
and  uhich  u  necc^tarily  iuc-lud(.'d  in  niakin;:  iho  analysis. 

2.  Oxftprotfic  aciJ  wa-j  discovered  by  liondzyii!*ki  and  GotlliL*!)  (189T). 
Its  barium  salt,  according  to  the  analyses  of  various  authors,  has  the  follow- 
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Vie.  i;io.  i-ii..  14I.J. 

Flu.  ms.^'ryalnls  of  ut«k,  obtAinni  froni  liuuuui  uria«  tiffrr  loii|^otitmiw«l  eva,por>lion,  nftrr 

l-'unhp. 
Fiu.  140. — C'rvWaIn  of  uric  oci<l.  a(UT  FunLe.     ^me  of  ihe  fornu  rcpraenlml  were  oblwiinJ  br 

Mjluiinti   itriil  m:Tyi<tnElix9ilinii   of  c-li<-niically  purr  urir  >rid;  luimr  by  ttoKtmcnt  of  uruuiry 

•nlimi'nM  ni)nlJiiniiiK  untim  with  iiiinitMl  aciUh;  itucac  by  dpoQt«nenus  cryatalliuktion  (ram 

urine.      Mont  u(  llio  crVHiiiU  nrt-  lingi'it  wHh  iirp*. 

ing  compoMtioD :  C  27.5-30.0,  H  ;i.J*-4.1.  X  7.a-]0.C,S  1.5-1.8.  Ba  38.7-a9.g. 
O  2f;.&-3l.fi.  The  quantity  of  thU  acid  (calculated  as  the  Ba  salt)  excreted 
in  twcnty-foiir  hours  amoiinti*  to  not  lejw  than  3-4  g. 

3.  Crmtinia,    Melhvl-elvco-cyuniimid,   NH:C  ;      occqts  to  th* 

-^N(CU,).CH 
extent  of  ahout  Q.25  per  cent  in  the  urine.    The  daily  output  in  the  urine 
nmoimts  to  ().6~*2.1  ^.  and  may  lie  et^tiinated  at  I  r.  m  a  nn^an  valup. 

•I.  Amvwnin.  N'Hj.  Tlit!  daily  ipiantily  amniints  to  O.S-f).!*  g,  =  two  to 
four  [ler  cent  of  the  uitro^cu  iu  Ihe  urine.  The  ratio  of  aniniunia  to  urea 
is  apprnxiinatcly  1  HU  (ef.  page  A1\). 

5.  Vric.  acid  {V\\i^.  140  and  141  >  2,  0.  S-tri-Dxypnrin  (page  3*3)  ofvur? 
in  the  urine  of  man  and  the  tnammaU  only  in  small  (jnantilics  (ahnul  0.7  g, 
per  day).  This  Is  a  dibasic  aeid.  Of  the  alkaline  nratea,  the  neutral  potss- 
«iuin  and  lithium  .«altE  are  the  most  snlutile.  the  arid  ammonium  salt  least  so; 
the  uralos  of  tlip  alkaline  earth?:  are  also  very  ditticultly  soluble.  In  the  urine, 
urie  mid  prohnbly  oecuTs  as  monosodium  urate  which  is  held  in  solution 
niotnly  hy  disodium  [thosphale. 

6.  Trie  acid  is  derived  from  the  purin  bases  and  H  in  its  turn  oxidized 
to  allnntoin  (cf.  pajre  373).  These  siihstancos  nl«o  occur  in  the  urine;  the 
purin  liases  to  the  extent  of  O.Od-0.13  g.  (mean). 
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Of  the  total  organic  subsUnce  in  the  nrine,  nrea,  creatinin,  ammoDib, 
uric  acid  and  purio  boats  together  constitute  seventy-five  per  cent,  but  they 
eoiilain  iiiiii>ly-thrut-  ]hjt  ci'ut  of  the  total  nitrogen  of  the  urine  (Doozu  and 
Laiiililin^'). 

7.  Oxalic  arid  rnx-Hrs  in  very  Mip^ht  trnnes. 

8.  Hipfnirir  aciii  (Fi^'.  1  I'J),  lK'iiz»yl->^ly«)coIl  diago  :i7H)  otriirs  in  con- 
piderable  quantity  in  the  urine  of  herbivomus  animals  and  in  Hmaller  quan- 
tity in  the  urine  of  itmn.  In  the  Utter  on  ordinary  diet  it  amounts  to  only 
about  0.7  g.  per  day;  iiflor  a  plentiful  i|uaiitity  of  vegetable  fomU  it  may 
reach  8  g.  or  more  per  day. 

9.  The  ethereal  suiphates  and  the  aromatie  oxyacidt)  already  mentioned 
at  page  379.  The  4|uantity  of  the  former  per  day  in  the  urine  of  man  in  only 
almut  0.09-0.fi2  g. ;  the  ovyacid«  amount  to  nbont  0.03  per  day. 

10.  Among  the  pigmenln  of  the  urine  the  iron-free,  nitmgenous  urochrome, 
carefully  studied  by  Garrod.  is  the  most  important.  Besides,  there  are  present 
in  normal  urine:  the  red  pigment  iirofiri/ihrin,  li(Pniiitiifiarph>frin  (in  very 
small  quantitie.*).  and  urobilin,  firtt  de^rihi-d  by  JaJTe.  The  latter  hatf  a 
rod  or  n'^blish-yellow  color,  and  in  the  opinion  of  many  authors  i«  identical 
with  hydrobilimliin  (<',,, H»<,X,0,) ;  but  this  is  contested  by  others  on  the 
ground    that    hydr>jbilirubin   eontainit   twiee  aa  much   nitrogen   aa  urobilin. 


Flu.  Ml.  |-r«.  1-12, 

Fra.   141. — Still    olhrr    foruu    of    uiic-Mcii]    ciyitlmlis    mtter   Funke.      Tlw    "  wlw«l  rfoiie"  mm] 

"thtal"  erysUia  aapewially  uv  Hhown.     Sonu<  of  Uimd   w«re   found  rrwly-  fontM^   in 

urinary  mlinmta;  otlu-ni  wrrc  oblMnnl  by  trratraml.  of  nnlinary  ■rdlmmto  c(nit«ining 

KK^ium  untto  with  kritlii. 
Fw.  143.~IIipi)uricvftci(l  cr>'«id«.  obtdncd  (rom  hunuui  wrine  by  rccryvrKlliMtion  from  ■  w»tcr 

(olution.  aftrr  Puiikv. 

SttrkohUin  (cf.  page  2ii5),  on  the  other  hand,  haii'  exactly  the  imnieeonipo^ilinn 
aa  urohilin.  At  all  events  urobilin,  as  well  as  other  piginentii,  probably  standa 
in  a  elo<*  relaliouyhi|i  IkiIIi  to  the  bile  pigmenls  and  to  the  blowl  pigments. 

1 1.  The  urine  eonlains  also  under  perfectly  normal  eireum^tances  reducing 
xubstamr^  and  proieids,  though  in  very  small  quantitiea. 

Tle»id«ti  urio  »f\A  and  rn>atinin.  the  reduoinit  ■ub«taiic«8  are  dextrose,  iso- 
maltose  (?},  animal  Kum.  and  conjugated  compounda  irf  gljcuronic  aeid  (posa 
14 


384  THE  EXCRETIONS  OF  THE  BODY 

378.     The  redneing  power  of  normal  nrine  corresponds  to  a  0.15-0.6-per-cent 
solution  of  dextroee. 

Heller's  test  (cf.  pa^  69)  is  commonly  used  to  demonstrate  proteid  in  the 
urine.  A  nrine  which  does  not  ^ve  this  reaction  is  generally  regarded  as  free 
of  proteid.    And  yet  there  is  proteid,  chiefly  serum  albumin,  even  in  such  urine. 

12.  The  inorganic  constituents  of  the  urine  on  a  normal  diet  amount  to 
about  25  g.  per  day>.  For  the  most  part  they  come  from  the  ingested  food, 
and  consequently  decrease  in  fasting.  Naturally  their  percentages  varr 
greatly ;  hence  the  following  table  is  only  for  the  purpose  of  giving  a  general 
idea  of  the  average  quantities: 

Sodiimi  chloride,  XaCI 15.0  g.  per  day 

Sulphuric  acid,  H,SO 2.5  g.  " 

Phosphoric  acid,  P.O. 2.5  g.  " 

Potassiimi,  K,0  3.3  g.  " 

Magnesium,  MgO 0.5  g.  " 

Calcium.  CaO 0.3  g.  " 

Other  inorganic  substances 0.2  g.  " 

Besides  these  the  urine  contains  4-5  vols,  per  cent  of  CO,  which  for  the 
most  part  is  physically  absorbed,  but  occurs  also  in  the  form  of  acid  car- 
bonates. 

13.  Aeeidental  constituents.  The  urine  may  contain  either  in  solution  or 
suspension  a  large  number  of  different  bodies  coming  from  substances  ingested 
for  one  reason  or  another,  or  originating  from  abnormal  processes  in  the  body. 
I  shall  merely  enumerate  the  most  important  of  these : 

(a)  Blood,  blood  pigments  and  their  derivatives;  blood  corpuscles,  hemo- 
globin, methsemoglobin,  hiematin,  melanin,  etc. 

(b)  Bile  acids,  bile  pigments,  and  their  transformed  products. 

(c)  Leucin,  tyrosin,  and  dioxy-phenyl-acetic  acid,  C,H,(OH),.CH,.COOH. 
id)  Proteid. 

(e)  Sugar. 

if)  Acetic  acid,  |9-oxybutyric  acid  and  acetone. 

ig)  Drugs,  either  as  such  or  as  transformed  products. 

§2.    THE  EXCRETIOW  OF  URIITE 

In  no  other  secreting  organ  are  the  peculiarities  of  structure  so  significant 
for  a  conception  of  its  function  as  in  the  kidney.  It  is  therefore  necessary 
to  discuss  the  microscopic  structure  of  the  kidney  here  somewhat  in  detail. 

A.   STRUCTURE  OF  THE  KIDNEYS 

The  larger  branches  of  the  renal  artery  (Fig.  143)  run  along  the  outer  sur^ 
face  of  the  pyramids  to  their  base  and  there  form  an  anastomosing  network. 
From  this  network  branches  pass  toward  the  surface  of  the  kidney  (radial 
arteries),  and  others  pass  off  in  tufts  toward  the  pelvis  of  the  kidney.  The 
individual  branches  of  the  latter  run  between  bundles  of  uriiiar>'  tubules  in  the 
pyramids. 

The  radial  arfpries  send  out  small  branches,  rasa  afferentin,  which  soon  break 
up  in   the   so-called  glomeruli    of  the   Malpighian   corpuscles  presently   to  be 
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(fcrscribed.  From  thwie,  a  new  ve*iael,  the  t'««  efferent,  ariiteii  and  tliU  in  its  turn] 
bleaks  up  into  a  capillar^'  network  wlucli  «tubruc««  th«  kidmw  tubulvs.  TboMi 
rata  efferenlia  whicb  belong  to  ibe  deeper  layers  of  tbe  corti^x  pu»h  down  into 

thf.'  outj^r  biyer  nf  the  medulla,  and  fnjtn  lii-tf  run 
bctwiH-n  the  renal  tubules  and  bre*k  up  into  tuft« 
-  of  vc-HM^U,  whence  aKain  proceed  oapillaric*  to  tha 

tubui««.  I 

Frum    the  capillaries  of  the    renal  cortex  the  i 
blood  collects  in  venous  trunks  vrhieb  run  parallel 
with  the  radial  arl*rie«  to  the  ontir  Inyvr  of  the 
iiinlullu,    and    like    them    form    an    anaslDmooing ' 
nftw«jrk   ftl    the  base  of  Ihe    pyroiniilH.     Into  thisj 


i>'.'  :-j 


Flo.  143. — Selitvu  rtfrrfarnt* 
ing  tha  dkiribtiilnn  nt  the 
blood  v^nla  of  ihc.  kittnrv, 
aflnr  Ludariii     Arterica  rvd. 


Fia,    tM.— frhrtoalk   r*Tir*tiot»l»tio*w   of   lh«  ■wwting 
and  pon'ltiriina  rlrrDPnu  of  (he  kidnry.  nrirr  l.ucl«n(, 
/.    Hoiinnnn's  nipituk:    II.  fifM   ronvniiiiwl   tubiile 
in,  fV.  Hi"nlt>'«  IfKip;  V.  ■Mimil  ctwivnliitwl  HiUil 
r/.ootlwtinjciulHiIe;  r.ronax;  ff,  mcxluUa:  p.  p»P«I 


netwnric    empty    the   tpIm    from    the    medulIaT?    ftub»tanre.    whieb.    like 
arterips.  run  in  the  intersticM  between  the  renal  tubules  and  convptRe  forming 
tufted  frntai». 

The  ofomerufu9  interiK'Ittted  betwepii  the  rfw  afferfn*  and  the  wui  efftrrna 
has    the  followinir  structure.     The   afferent    arteriole  breaks    up    into   wveral 
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brsDcbes,  eaA  of  which  by  repeated  division  forms  a  lobule  composed  of  sev- 
eral collateral  Teasels.  These  reseels  do  not  anastomose,  but  unite  finally  to 
form  a  simple  tag  efferent,  tbe  be^nning-  of  which  lies  in  the  middle  of  the 
glomerulus.  They  have  a  simple  wall  and  hence  are  to  be  resf«rd«l  as  capillaries. 
In  the  kidney  therefore  tbe  blood  passes  throosh  ttco  tela  of  capillaries,  one  in 
the  glomeruli  and  tbe  other  between  tbe  secreting  elem^its. 

The  secreting  and  conducting  elements  of  the  kidney  are  uumeroos,  much- 
eonvoluted  tnhnlea,  which  begin  at  the  glomeruli  and  end  on  tbe  free  surface 
of  tbe  papills.  Tbe  ^omerolus  is  surrounded  by  a  thin  capsule  ( tbe  cap?:ulc  of 
Bowman),  the  whole  constituting  a  Malpighian  corpuscle  (Fig.  144.  I).  The 
capmle  is  a  vesicle  composed  of  thin  epithelial  oeQs  of  0.13  to  0.-2-2  mm.  diameter, 
and,  like  the  serous  sacs,  consists  of  two  layers,  a  visceral  and  a  parietal.  Tbe 
former  layer  is  closely  applied  to  tbe  surface  of  the  glomerulus  and  is  reflcclcd 
at  tbe  place  where  tbe  vessels  enter  the  glomertdus  to  form  tbe  latter  layer. 
From  the  point  opposite  the  entrance  of  the  vessels  the  capsule  is  continued  into 
the  renal  tubtile.  In  the  transition  to  this  there  conies  first  a  short,  narrow 
neck;  then  follows  a  much  eonrotuted  portion  (TI)  0.W5  mm.  in  diameter  which 
reaches  down  to  and  enters  the  outer  layer  of  the  medullary  substance.  Here 
the  tubule  enddenly  diminishes  in  size  very  considerably  (the  diameter  is  only 
0.014  mm.)  and  passes  into  tbe  medullary  substance,  then  turns  back,  forming 
a  loop  (loop  of  Henle,  III  and  IV)  and  nms  toward  tbe  cortex.  Sooner  or 
later  it  becomes  enlarged  (0.026  mm.)  and  soon  thereafter  becomes  convoluted 
again  (V).  Then  it  unites  by  means  of  a  narrow  connecting  portion  with  a 
collecting  tubule  (VI). 

Up  to  this  point  each  tubule  is  independent  of  every  other,  forming  no 
anastomoses.  The  collecting  tubes,  however,  in  their  course  through  the  medul- 
lary substance,  unite  repeatedly  with  others,  so  that  finally  the  number  of  tubes 
opening  on  the  snrface  of  a  papilla  is  only  about  fourteen  to  twenty,  whereas 
there  are  from  4.000  to  6,000  collecting  tubules  tributary  to  them. 

The  epilhelium  of  the  urinary  tubule  and  of  the  collecting  tubule  is  dif- 
ferent in  different  divisions.  In  tbe  human  fa-tus  Bowm.^n■s  capsule  is  ei->m- 
p<.ised  of  cubical  cells;  in  the  newborn  child  the  cells  are  flatter,  and  later  they 
become  very  thin.  The  convoluted  tubules,  the  thicker  portion  of  Ilenle's  lix>p, 
and  the  collecting  tubule  are  lined  with  fairly  tall  epithelial  cells,  which  pre- 
sent minor  differences  in  tbe  different  divisions  named.  In  the  narrower  por- 
tion of  Henle's  loop  the  epithelium  consists  of  clear,  flat.  spindle-!'hai>cd  cells. 

B.    HECHAinSH   OF  THE  EXCRETION  OF  URIHE 
Any  attempt  to  explain  theoretically  the  process  of  .-^ocrction  in  the  kidney? 
must  take  into  account  the  remarkable  arrangement  of  it-  iilood  vessels  and 
the  renal  tubules. 

In  the  glomeruli  the  blood  flowing  in  is  suddenly  dividcl  into  a  c<insid- 
erable  numi)er  of  tiny  streams,  which  of  course  must  favor  the  pa.-sa;:o  of 
constituents  into  the  capsule.  Moreover,  the  ras  efffrens  \m>  a  >mallor  diam- 
eter than  the  vaa  afferens,  and  it  is  divided  up  within  a  -hort  space  into 
another  true  capillary  network.  The  resistance  distal  to  tlu'  L'lomenili  must 
therefore  be  much  greater  ^han  the  resistance  prcximal  tn  ihcin.  whith  iiieanj! 
that  the  blood  must  flow  through  the  glomeruli  under  a  relaiivoly  high  prcs- 
Eure.  If  now  the  further  fact  that  the  renal  tubules  begin  witii  the  Rowman's 
capsule  surrounding  the  glomeruli  be  considered,  it  cannot  rendily  Iw  denied 
that,  seen  merely  from  the  anatomical  point  of  view,  the  glomerulus  and  the 
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capsule  tnnet  play  an  cxtremolv  important  part  in  tho  secretion  of  urine.  A 
theoretical  account  of  the  kidney  function  muni  awign  «>me  purpose  aI»o  for 
the  tnrtuniiK  course  of  the  tubules  up  to  the  point  where  they  enter  the  col- 
lecting tuliules. 

This  hail  been  done  in  the  vicv  advanced  hj  Ludwig  and  supported  by 
many  experiments,  nttmely  that  a  jiroeeat  of  filtmtion  takes  place  from  the 
glomerulus  into  the  capsule,  and  that  tlie  filtrate  rpprenents  a  very  dilute 
nrinff,  which  tittring  its  passage  throujih  the  tulmlc-  bccomfs  yrajuaili/  cvn- 
cmtrated  by  tnintfusion  of  water  into  the  lymph  bathing  their  outer  surface. 

To  teat  this  view  we  have  first  of  all  to  form  aome  ooiiwptipti  of  the  iih.v»ici>- 
chemit'sl  processes  invesHtir.v  fur  the  tiltrHtiiiii  of  liquid  ihrounh  the  capsular 
epithelium.  As  TBmmiiiii!  was  the  first  to  ^how,  the  latter  euuut't  be  reiiarded 
as  a  Mmipenacable  inenibrane,  fur,  if  it  nvrc,  a  bliiod  prPM^urc  sufficient  in  over- 
coue  the  ottmotie  preiwure  of  the  plasma— several  atmosphcn-s — would  bo  required 
to  force  the  filtrate  thr<nif;h.  On  ihiti  accouut  Tammann  considera  the  epithelium 
cfimpletely  permeable  to  all  the  cr^vstaltoids  i^ixsiilred  in  the  urine,  niid  iinjier- 
meablc  onljr  to  the  colloid*.  In  onler  to  separate  a  proteid-free  filtrate  of  the 
compo«iliun  of  the  crystalloids  found  in  the  plasma,  the  btood  pn>Ksure  m-ed 
only  be  high  cnnuKh  tn  oveprnme  the  OBtnotip  pressure  of  the  colloids  rxrurring 
there.    The  tatter  according  to  Starlinfr  amount*  to  about  S5-30  mm.  llg. 

Uowevcr,  the  osmolie  pnwAure  of  the  »afc>r  >"  the  blncHl  (innre  than  IfX) 
mm.  Hit.)  19  mit  taken  iiitu  ttceouiit  in  this  ealeulutioii ;  when-as  it  may  bo 
considered  that  the  capsular  epithelium  is  penu'^ehle  to  BURar  just  as  to  the 
other  cryslalloida.  It  is  iKwsible  toti  that  the  sugar  is  not  free,  but  ttccurs  in 
the  hliiod  in  chemical  rnmpriHtiinii  with  other  substances  sueh  as  lecithin  or 
protoid.  If  thin  were  true  the  o»motio  pressurv  ocoaaioiied  by  tbp  su^ar  would 
of  course  be  considerabl)'  lower  than  if  it  were  diwolved  as  such  in  the  plasma. 

The  luwvst  presHure  in  the  glomeruli  at  vrhieh  a  pruduetion  of  uriue  could 
take  place  would  thus  be  about  2ft-.1t>  mm.  Hr.  And  yet  Gottlieb  ami  Miignus 
hare  shown  that  under  the  infiuenec  of  diunMie  substances.  Bepttratioo  of  urine 
can  tnkr  plnei-  with  a  ciirotiil  pressure  nf  only  ((-d  mm.  ttg. 

Bf^ides  this  difficulty  we  hare  another  just  as  little  to  be  ejsptninexl  from 
tlic  staudpoint  of  the  filtration  hypothesis,  and  that  is  this:  if  the  supply  of  the 
bluod  to  the  kidney  be  completely  interrupted  by  elampinx  the  renal  artery 
for  a  short  time,  say  one  nnd  one-half  mtnutr«,  the  formation  of  urino  stops 
and  in  resumetl  again  only  after  a  eonsiderahlc  time  {tut  much  ns  forty-five 
minutes).  The  pr*>i>erties  of  a  perfiH-tly  inert  filler  could  scarcely  be  changed 
to  such  an  extent  by  aniemia  of  so  short  a  duration. 

The  sc^^x-nd  part  of  l.uJwiflr's  theory  likewise  meeta  with  serenil  diffieuttics. 
If  the  gUimpnilnr  filtrate  as  above  aasumed  has  the  same  composition  and  there- 
fore the  same  osmotic  pressure  as  the  blond  plasma  (with  the  exception  of  the 
colloids)  then  only  the  osmotic  pressure  occasioned  by  the  colloids  can  have 
aoythiuK  to  do  with  the  concvmt ration  of  the  filtrate.  Whether  or  not  this  force 
is  sufficient  to  produce  the  necessary  transfusion  of  water  back  into  the  lymph 
has  not  yet  been  decided.  Moreover,  the  proportion  of  crystalloids  in  the  urine 
is  quite  different  from  that  in  the  blood.  It  requires  more  than  the  mere  ab^rp- 
lion  of  wftter  to  get  a  fluid  with  the  propertit-s  of  the  urine  out  of  sueh  a  filtrate 
as  we  are  able  to  suppose  this  to  be;  we  must  asstune  an  unequal  absorption  of 
different  const itucnts.  Finally,  it  would  l>e  impossible  for  this  fluid  to  be  ab- 
sorbed hack  into  the  l>injih  hy  purely  osmotic  prtxvsHes,  for  tho  oamotic  preasure 
of  the  urine  as  a  rule  is  hitrber  than  Oiat  of  the  hlof>d  plasma. 
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For  theee  and  other  reasons  thoBC  authors  who  regard  the  proceM  in  the 
glomeruli  an  a  pure  riltration  arc  thi<m>;elvei>  inrltnecl  to  explain  the  rcabeorp- 
tJon  frf>ni  the  urinary  tubules  pawLuIatwl  bv  this  thcorv'.  us  an  active  prooess 
carrif^l  on  in  virtue  <if  the  vital  proiiertios  of  the  parorn'.-hvrnfl  coUti.  Uy  sr» 
doing,  fiowevcT.  the  fimihiiiM'Tihil  pnwitioti  iif  Ludwi^''^  thmrv  is  snrrenden-*!, 
for  that  theory  M-t  nut  l^i  ^i'wv  u  jiurely  |>hysi(-o-(-he[iiioal  explanation  of  Ihu 
secretion  of  urioe.  without  reference  to  vital  proce**e*. 

But  can  it  he  n^fjardt'd  m  proved  ihnt  a  reabcorption  of  fluid  paswd  throujrh 
the  capsule  actually  takcB  place  in  the  urinary  tuljules?'  Is  it  not  possible 
that  we  have  here  not  an  flh«nrptive  hut  a  srcreiortf  prncfss? 

In  order  to  auswer  tlii^  epii-hlion  Hi'iderihnin  efirried  out  some  psj>primeiit.i 
on  the  elimination  of  sodium  iiuli^jnKulphate.  which  lit  ea»)ly  recojiniztvl  in 
mirroscnpipHl  preiiaratioris,  nnd  rcflchod  t!ic  cnnrliisinn  (hat  this  -tolt  is  thrown 
out  by  the  epithelium  of  the  urinary  tuhule*.  From  analogy  he  eoneludcd 
that  the  same  ia  true  of  urea  and  other  specific  constituents  of  the  urine,  and 
that  therefore  the  tuhiiles  hnve  the  function  of  enriching  the  fluid  coming 
from  the  capsule  with  t-nlid  eonslituenlij. 

Direct  oKaervationa  on  the  elimination  of  urea  are  not  fensihle  borause 
there  are  no  miero-ehemienl  reactions  by  which  nrea  can  be  rccoftnizod.  But 
in  birds  and  reptiles  it  is  not  a  dilficiilt  matter  to  demon!*trate  nrir  acid 
mierr)sco|>i(nlly.  And  vet  invcfitigalorin  of  the  huhjpet  Iiavf  not  miccei^dctl  ]u 
BiitiKfactorily  demojit^traling  uric  acid  within  Ihe  epilhelial  cells,  lleiiw.  llie 
mode  of  (separntion  of  wdium  indigamlphate  cannot  he  rcgard&l  as  deter- 
minative  for  the  elimination  of  the  normal  constituents  of  the  urine.  More- 
over, tlic  microscopical  findings  after  injection  of  dyes  are  not  harmonious, 
for  the  picluren  obtflini-rl  have  been  n-gfirded  hy  other  anthnrs.  like  v.  Snliicr- 
aneki,  a."  the  tndie^tiou  of  an  absorptive  pmceMa  going  on  in  the  urinary 
tubules. 

The  following^  experimental  fact  speaks  Btronply  for  secretion  by  the  epi- 
thelium of  the  urinary  tubules.  The  frog's  kidney  receives  its  blood  vessels 
pnrtiy  from  the  renal  artery,  partly  from  the  renHl-portal  vein.  The  former 
provides  the  glomerulus,  the  latter  the  tubules.  Ari  was  remarked  by  Nurs- 
banm,  and  later  verified  by  Bedddrd,  the  glomeruli  or  the  urinar)*  tubules  can 
be  thrown  out  by  tying  off  (he  one  or  the  other  of  thcne  vessel-*.  After  tying 
the  renal  artery  ihe  flow  of  urine  ceases  entirely.  If  the  fluid  coming  through 
the  capsule  of  Bowman  during  its  passage  along  the  tnbule  were  to  become 
thicker  by  absorption  of  water,  then  tying  the  renal  jmrtal  ought  to  protluw 
an  increased  flow  of  urine.  But  according  to  Gurewilsch  this  is  not  true; 
instead,  the  quantity  of  urine  is  reduced  by  the  operation. 

If  this  observnlion  proves  to  be  absolutely  eorrvel.  it  constitutes  a  conclu- 
sixe  argument  against  the  doctrine  of  absorption  in  the  renal  tnbule.s.  Accord- 
ingly, the  epithelium  would  have  the  function  of  taking  up  the  specific  con- 
stituents of  the  urine  from  the  blood  and  of  delivering  them  to  the  urinary 
tubules. 

We  come  therefore  for  the  preoent  to  the  following  riew,  fir*t  expressed 
by  Bowman  and  further  elaborated  by  Heidenhaia.  concerning  the  actirity 
of  the  kidneys.  The  celJa  eovtrinff  ihe  ffhmerulus  give  oui  wntfr  and  naU» 
btf   a    (rue   process   vf  $ecfiilion,    those   of   the   convoiuted   tubuirs   and    of 


th^f  it'idf  part  of  Hente's  loop  secrete  the -specific  constituents  of  Ike  urtM] 
and  water. 

As  an  indirect  support  of  this  theory,  the  foUovitig  coiisetiuence  of  the 
fiUnitiuii  h.vpotlifsis,  firiphasixcil  by  tioidi-tihnin.  is  to  be  coiisiderfd.  If  the 
outBuw  of  lluid  fnitn  tho  K'titmrriili  tnk<>s  ii\rcc.  Ii>-  tiltmtioti,  the  filtrate  raniinC 
be  richer  in  urea  than  the  blood;  it  would  contain  thert-fon.'  «lx>ul  0.06  per  cent 
urea.  Sintxi  however  the  urine  as  voided  contains  two  per  cent  of  una,  the 
filtrate  must  be  eoncciit rati'd  forty  timu(».  With  a  daily  oxcrcliou  of  l.SOO  st. 
urine  containing  30  it.  urea  the  total  ciuatitity  of  fihriite  wmild  ihiia  umnunt  to 
60.000  g.  of  which  6S.&00  g.  would  huve  to  be  absorbed  iii;iiin  into  the  urinary 

Various  oth«r  rircunuitancea  favor  the  idira  of  a  aecrotory  pmcctw  in  thv  kid- 
neys. (1)  Tho  excretion  of  urine  occimions  a  mfasurahle  rine  of  temporaturp  (the 
temperature;  of  the  urinu  may  be  0.4'  C.  hijrher  than  that  of  the  blood)  tGrijns). 
(2)  Atropin  which  19  pniRonmiH  for  nil  glands  rciluertt  the  exrrriinn  of  urine  to  a 
rnnftiderablo  extent  (Thompson),  although  pilocarpine  which  in  .■ttimulalinfc  for 
Klaiids  in  twiieral  ban  no  effect  on  the  activity  of  the  kidneys  (I^*wi).  (3)  When 
by  feeding  benzoic  acid  and  glyCJXJoU  thi?  kidneys  are  eane<!  u|M>n  to  »yiith«wi«! 
hipimric  acid  (cf.  patfc  ;J7>*).  ihe  output  «>f  NaC'l  in  the  urine  i«  wmsiderahly 
increnJKHl.  notvith^ landing  that  the  (low  of  blood  oud  the  jterceutiMfc  cumpoei- 
tion  of  NaCI  in  it  remain  constant  (Afther). 

The  amount  of  work  done  hv  the  kidneya  depends  cioentiiUly  on  two 
factors,  namelv,  (he  volume  of  the  hlood  llowinjf  throufjh  them,  and  lite 
percentage  of  diuretic  substances  in  the  blood. 

Tht^  iiillueiiee  of  (he  lilnod  How  was  ftrDl  estahtiKhd.!  by  Liiilwi};  and  hiA 
pupils  oQ  llio  basis  of  a  jireat  many  ex|>erimental  obwrvations.  K%'er>*thing 
which  increases  the  blood  6ow,  such  m  great  but  not  excessive  distention  of 
the  VBSciilar  system,  extensive  vasoconstriction  with  the  reiuU  nenea  cut,  etc., 
intenriities  the  secretion  of  urine.  Conversely  it  fnllH  part  pnx/tu  with  the 
blootl  (low.  whether  that  fait  Ih>  occa.<ioned  liy  dirainntion  cf  the  gciioml  blood 
pressure  due  to  stimuUtion  of  the  vagiia,  to  bleeding,  to  aection  of  the  spinal 
conl.  or  be  caiiaed  by  a  local  constriction  or  compression  of  (he  reaal  vossds. 

Since  every  change  of  the  arterial  blood  supply  alters  the  pressure  in  th« 
capi]lnrie.>i  in  the  same  dinvtion,  the  above-mentioned  fnot!»  wi?ro  adduced  as 
the  moiit  important  support  for  the  filtration  hy|HitlKwiH;  for  it  ia  evident 
that  nitratruu  tfirou^dt  llie  glomeruli  should  be  more  abundoiit,  (lie  higher  the 
presaure  l>ronglit  to  iM^ar  on  Ihem.  IJkewi-ic  if  the  exer«*tion  of  urine  W  the 
result  of  a  .-iwa'tor)-  process,  the  variations  of  the  hlood  flow  are  of  vast  ini' 
portance.  for  by  this  nii»inii>  the  activity  of  the  kidney  cells  can  he  influenced 
in  one  way  or  the  other. 

The  action  of  (Hurrtic  /nibslancefi  is  shown  most  clearly  by  esipcrimenla 
on  the  weretinn  nf  urine  with  the  renal  veins  compn-ss*^!.  It  in  well  known 
attso  that  the  kidney  !»  tiurroundeil  liy  A  tolerably  firm  capHule,  and  that  itji 
ma&s  is  ineompros»;iliU-.  Here,  as  in  the  brain  (cf.  page  241),  wnous  stajiia 
must,  therefore,  cause  an  arterial  anwmia.  Conflequently  when  the  renal  vein 
or  inferior  r**n<i  ravn  is  coTi3lriele<l.  the  serretion  n(  urine  declines  or  stops 
nltogeflier,  If,  however,  a  solution  of  sodium  nitrate,  for  example,  be  then 
injected  into  the  blood,  the  urine  giwhes  out  in  a  strong  stream,  even  if  the 
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general  blooa  pressure  be  low  (Paneth).    It  is  evident  that  the  same  effect 
can  be  produced  with  the  renal  circulation  unobstructed. 

To  the  diuretic  substances  belong:  urea,  commoQ  salt,  sodium  nitrate,  caf- 
fein,  grape  sugar,  peptone,  albumoses,  etc.  Their  effect  undoubtedly  depends 
in  part  upon  the  accompanying  dilatation  of  the  renal  vessels:  but  it  is  con- 
nected also  with  a  rise  in  the  oemotic  pressure  of  the  blood  occasioned  by  these 
substances,  and  the  consequent  abstraction  of  water  from  the  tissue  spaces  into 
the  blood  vessels.  In  this  way  the  blood  is  diluted,  and  the  vessels  are  more 
tensely  filled;  the  result  being  a  more  copious  flow  of  blood  through  the  kidneys. 
Here  we  have  almost  the  same  process  as  when  water  is  slowly  transfused  into  a 
vein  after  a  certain  quantity  has  been  injected ;  the  excretion  of  urine  increases 
up  to  a  certain  point,  beyond  which  tl^  transfusion  and  excretion  keep  pace 
with  each  other. 

The  effects  of  diuretic  substances  cannot,  however,  be  explained  from  this 
point  of  view  alone.  For  there  are  various  experimental  facts  which  indicate 
that  the  ingested  substance  stimulates  the  kidneys  to  increased  activity,  quite 
independently  of  changes  in  the  diameter  of  the  blood  vessels,  etc.,  and  that, 
therefore,  tliese  substances  are  specific  stimuli  for  the  kidney  cells. 

Finally,  the  general  condition  of  the  body  plays  a  part  in  the  secretion  of 
the  urine  which  is  not  to  be  neglected.  When  certain  diuretics  are  given  to 
a  body  poor  in  sodium  chloride,  there  is  no  increase  in  the  excretion  of  NaCl. 
Notwithstanding  the  diuresis,  the  body  holds  on  to  its  NaCl  very  energetically, 
giving  it  up  only  in  the  smallest  possible  quantities.  But  in  cases  where  the 
body  has  plenty  of  NaCl,  whenever  there  is  a  strong  secretion  of  urine,  there 
is  also  an  abundant  output  of  this  salt. 

It  has  long  been  known  that  one  kidney  is  sufficient  for  all  purposes  of  metab- 
olism. One  can  even  remove  as  much  as  two^thirds  of  the  kidney  substance  and 
still  leave  an  efficient  excretory  apparatus.  Here  moreover  we  meet  the  remark- 
able fact  that  the  renal  secretion  increases  considerably  and  permanently.  At 
the  same  time  the  elimination  of  urea  is  increased  and  animals  die  within  two 
to  six  weeks  in  spite  of  a  fairly  good  appetite  (Bradford).  How  this  phenomenon 
is  to  be  explained  or  what  theoretical  weight  it  has,  we  are  not  able  to  say  at 
present. 

Nothing  is  known  which  would  indicate  the  presence  of  secretory  nerves 
to  the  kidneys.  It  is  true  that  by  various  operations  on  the  central  nervous 
system  or  on  peripheral  nerves,  changes  in  the  secretion  of  urine  may  be 
obtained ;  but  all  these  admit  of  an  explanation  as  vasomotor  effects.  The 
secretion  continues  also,  though  somewhat  diminished,  after  division  of  the 
nerves  running  along  the  renal  vessels.  So  far,  then,  as  wo  are  able  to  judge 
at  present,  the  secretion  of  urine  is  accomplished  by  the  influence  of  the  urine- 
producing  siilislance  in  the  blood,  and  is  regulated  l»y  variations  in  the  quan- 
tity and  the  quality  of  these  substances,  as  well  as  by  alterations  in  the  blood 
supply  to  the  kidney. 

g  3.  MICTURITION 

From  the  pelvis  of  the  kidney  the  urine  flows  through  ilie  ureters  into  the 
bladder,  remains  there  for  a  time,  and  is  finally  expelled  at  varying  intervalB. 


EXCiurnoN  of  sw£at 


§2.    EXCRETION  OF   SWEAT 

A.   COMPOSITIOR  AHD  PROPERTIES 

Sweflt  is  the  thinnetit  of  all  the  body  lluidK,  and,  wIicd  filtered,  w  clear 
nnd  c'olorlPAt.  and  has  a  jipwific  gravity  of  I.DOS-l.OOfi.  lis  reaction  to  litmus 
may  he  aeid,  ncutml  or  alkHliiic:  il«  laste  i&  salty;  its  odor  in  uupluaisaiJt  and 
differs  for  the  different  portion*  of  the  body.  The  odor  u  destroyed  by 
beating  it  up  to  lIO'  C. 

In  thp  foIIowiriK  tablo  two  Ana1>-M>«  nf  ovrcat  are  (tiTrn.  Tlw^  one  t»y  TTitmAck 
is  liikuf]  fnim  thi?  xwvat  of  a  rhi'UtnHtic  patit^'iit.  tH.-<.'roU-il  in  <i[io  In  two  liniin*  in 
a  vapor  bath;  the  other  b.v  Canicrer.  Jr.,  was  taken  from  Btrenl  secreted  in  an 
eleetric-li{[]it  ,butb  iu  ibe  course  of  scTenljr-fire  lo  niuuty  miuutio. 
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0.09  per  c«ot, 
0.19-  0.1& 


Human  sweat  in  said  to  contain  also  ahrmt  0.045  per  cent  proteirl  matter  and 
two  enqnue;),  one  diaxtatic  and  th(>  «Jlhrr  proteolytic,  aa  well  aii  4>lhercal  mil- 
pfaateo,  aromatic  ux^-aciclin,  i^katul  aiHJ  cn?attnii)  in  small  quantitiea, 

Aeoordinft  to  Arloina,  the  sweat  of  a  healtfay  man  powcwea  toxic  prop«r- 
tifw;  by  iiitrHvciioiin  injuMion  of  a  doHe  of  10-1.^  c.c.  iwr  ky.  of  body  nt-'iirbl,  it 
kills  a  doff  in  fifteen  to  eifrhty-four  hours.  The  awcat  prodnoed  in  work  is  more 
tHjiaonous  than  that  g:iven  off  during  a  vapor  bath.  Vomiting  »nd  i-nngcation 
of  the  alimentary  canal  arc  mentioned  as  the  most  pmmioeiit  »ympli>m».  Pai^ 
tieipation  of  Rneteria  in  these  phenomena  api>ear«  to  he  excluded,  bwauee  sweat 
ia  aaSd  to  loae  only  a  little  of  ita  toxicity  by  ateriliMlion  in  the  autoclave. 

It  has  lonp  been  known  tliat  aniniaU,  in  which  the  cutaneous  pecrctinna 
are  stoppe*!  bv  means  of  varnishes,  die  wilhin  a  short  time;  and  altcniplA 
wer»»  made  to  explain  this  effect  by  the  rclentiou  of  pro<iuets  normally  piven 
off  in  the  nweat.  Then  came  the  conviction  that  the  sweat  lioen  not  n*movo 
any  toxic  suhstanow  from  the  body,  and  Ihf?  influence  of  the  varnish  was 
wiuj^ht  in  the  jrreat  radiation  of  hcnt  caused  by  it.  It  is  altojp'ther  poiwible 
that  the  Increased  loss  of  heat  ban  a  certain,  probably  even  a  ^real,.  signifi- 
cance. But  if  the  above-mentioned  Mperimontal  facta  with  reference  to  the 
toxicity  of  sweat  arc  eonfirmwl,  we  must  apain  ascribe  the  most  important 
r5Ie  to  the  retention  of  dtvomposition  product**.  Thia  view  in  finpportM  more- 
over by  the  fart  that  rarni-shed  nnimnls  take  only  a  liltle  fo»nl.  notwithstand- 
ing great  loss  of  heal  and  the  increased  heat  production  thereby  demanded^ 
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which  hat>  induced  iMulanii  tu  dee^-ribe  tlic  duath  of  these  animaU  a:^  deaOi 
by  inaiiiiion. 

The  quantity  of  »wml  cxcroted  d«ily  is  varinblo.  It  depends  chiefly  upon 
the  rffjuireriienta  of  heat  reyulation.  The  greater  the  quantity  f>f  swoat  sfv 
i-n-ltHi,  t)K-  ^renter  is  the  ahs^lule  quantity  of  mA'uX  poiitititui'mi;.  nnionfr 
which  urea  in  nf  special  importance.  Ordinarily  tin;  (iii1[)liI  of  urea  in 
the  gweal  ia  negligibly  small,  aud  yet  as  alreatly  observed  ^page  HU),  under 
certain  circumstances  it  may  l>Ltromo  considerabk. 


I 


B.    THE  EXCRETORY  PROCESS 

In  view  of  the  importance  of  sweat  in  regulating  the  lemperatuw  of  the 
body,  it  is  but  nntiiral  to  aswuinc  that  the  actinn  nf  the  sweat  glands  is  under 
tile  cuiitrul  of  the  central  tiervoutt  pysleni.    ThiN  is  coutirmed  by  experiment. 

Stimulaiion  of  the  eut  »otat.ie  ncrrc  or  of  the  brachial  plcxiin  in  a  cat  pro- 
dufCM  iti  a  shiirt  tine  larRp  drops  of  swnat  on  iho  halls  of  the  foot  (Ooltx).  Thi* 
produt-'tiwn  of  Kweal  ib  an  ac'tuwt  aecrt'lioii  mid  not  a  tiltratioii  from  the  blc)od, 
for;  (1)  a  powfr/ul  secrtMion  tan  be  evokud  by  Blimijluli'-'ii  an  much  «>*  twenty 
minuleu  aflLT  unipiiiatinu  nf  il  Ii-k  nveiidall  and  T.ueht^iiiKer) ;  (i)  secretion 
occurs  when  the  pressure  of  the  Hurroundiiig'  air  is  luKbcr  ibiiii  that  of  llie  aortic 
blood  (I^vy-Doru):  ('i)  it  dot's  not  occur  without  litimulattan  -vhvn  a  i)aw  it. 
subjectt'd  to  a  low  air  prejwure;  and  (4)  it  18  prevented  by  very  amnll  doses  of 
atropini',  di-Hpil(f  the  stroufp^t  nerve  stiniuluB. 

The  swcai  fibent  for  the  fore  paw  of  the  cat  have  been  found  in  the  mtMlinn 
and  ulnar  nerves,  for  the  hind  paw  in  the  sciatic.  It  appears  however  that 
moMt  of  them  do  not  come  dircrtly  frnm  the  spinal  roots  of  these  nerves,  hut 
that  they  lirnl  Iniven^e  the  sympathetic  palli»i  (thonii-it-  or  ub<h»minal  trunk) 
before  they  join  the  nervee  to  (he  e.\lreinities.  Tlie  sources  of  the  sweat  fiber* 
in  thy  ahiloininal  fivnipathetic  arc  the  three  lower  thoracic  and  the  four  upper 
luniliur  ruotji;  thot*e  of  the  fore  pnw  spring  from  the  fourth  thoraeie  root. 

8wrat  certicru  ari>  prcijont  in  the  spinal  cord;  for  if  the  cord  of  a  young 
cat  be  cut  at  the  level  of  the  fourth  Ihoracio  root,  secretion  can  \h:  t»blaineil 
on  the  hind  paws  by  the  influence  either  of  heat  or  of  dy»pntt*a.  Considering 
the  importam-e  of  sw^at  in  heat  regulation,  it  is  very  prohnlile  that  a  gnneral 
gwt'flt  centLT  is  precent  in  t!ie  niwlulla.  although  we  know  nothing  definite 
about  it  flt  thid  lime. 

feVrrc/iOTi  of  sweat  U  induced  by  psychical  stimuli  (fear,  elc. ),  hy  heat, 
asphyxiation,  and  reflex  effects,  as  well  as  by  various  poisons.  Among  the 
latter,  pilocarpine  is  especially  worthy  of  mention,  for  it  has  the  power  to 
produce  sweat  even  when  the  secretory  nerves  are  cut. 

The  effectiveness  of  a  fitinuilua  applied  to  the  ftccretory  nerves  depends 
mainly  iiiKiii  (he  IcmiM^rature  nf  the  glands.  When  very  cold,  no  effect  at  all 
is  ppodiH'i'd,  ahhouph  at  a  body  lorapcraturp  of  a2°-L'H°  C.  the  glands  of  a  eot'a 
foot  can  b*  matJe  to  secrete  by  psychic  excitation,  by  w-flex  action  or  by  asphyxia- 
tion. On  the  other  hand  heat  produces  secretion  of  swnat  even  in  case  the  spinal 
cord  is  Bcrered  at  the  ninth  thoracic  rofit  and  all  the  posterior  roots  of  the  sev- 
ered cord  are  cut — i.e..  heat,  like  oaphyxiation,  ha«  a  direct  stimulating  effect 
upon  the  sweat  centers. 
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Various  twiHTimt'iUat  facts  favor  tlie  viuw  thai  eweal  glands  are  under  tha 
inlluencL'  of  mhibUvry  nerves,  which,  Uk«  the  sccrclory  fiburs,  tnirerse  syiupa- 
ihetii-  |»ath>). 

Mhiiv  aiiimaU  do  not  sweat  at  all ;  others,  like  the  eat,  i^weat  only  in  certain 
places,  as  the  balls  of  the  feet.  In  man  the  ability  Lo  sweat  i»  very  highly 
dfiveloped :  in  vaning  deprcos  it  is  a  function  of  the  fnlire  t*kin — principal 
placcit  being  the  brow,  palmti  of  the  haudn  and  the  soles  of  the  feet. 


§3.    THE  SO-CALLED  INSENSIBLE  PERSPIRATIOW 

Wp  include  under  this  hcnd  the  excretion  nf  cnrlmn  dioxide  Ihroujifh  the 
skin,  iuiil  tlie  exhalation  of  water  iiifh-pemlently  nf  tliu  Hwcat  glands. 

The  cHminaiion  of  varhon  iliuxidf  Ihroupli  the  «kin  ia  Tory  ^luall  in  com* 
pari.Hon  with  the  elimination  through  the  lun^n.  Both  this  and  the  exhiilfillon 
of  water  vapor  have  rej»e«Iedly  Iteen  slndit^l  on  limited  areas  of  tlie  i^kin ;  but 
such  inrestij[ation8.  aithoiijih  lliey  may  yield  valuable  results  as  to  llie  inflo- 
cnee  of  different  factors,  Rive  no  certain  criteria  for  llie  e^tiniation  of  the 
total  output  of  C'Oj  and  water  vapor  for  the  whole  surface  nf  the  iMKly.  In 
order  to  make  ituch  a  dL'terniination.  an  individual  is  inclofcd,  all  but  his 
head,  in  a  cabinet  suitably  ventilated,  so  that  the  elimination  may  go  on 
continuounly. 

Aecfiniinp  to  Schierberk  and  v.  Willehrand.  the  output  of  CO,  at  a  tem- 
|RTature  of  2ti''-33''  C.  is  fairly  eouslauj.  and  ajiiount**  to  0.35  g.  p<T  hour — 
i,  e.,  7.2-8.1  g.  per  day.  If  the  surrounding  temperature  be  raisc-d  abore 
33"  C.  the  output  of  C*<)j  suddenly  increurtcn,  «)  that  at  a^.^'-Si"  C.  it  reachea 
the  relatively  high  value  of  0.87-1.35  g.  per  hour  (=  20.9-32.4  g.  per  day). 

This  sudden  riiie  is  coincident  with  the  appearance  of  "sensible  perspira- 
Uon";  it  ir  iMijisible,  therefore,  that  it  may  be  due  to  the  increased  work  of 
the  sweat  glands. 

Kxcrrtion  of  water  vapor  goes  on  also  below  this  critical  temperature. 
Other  conditions  being  equal,  it  ie  greater  the  higher  is  the  wnrrounding  tem- 
perature, and  from  12*'-.11''  C.  the  output  from  the  naked  ImhIv,  according  to 
V.  Wiilebrnnil,  is  proportional  to  the  atmospheric  temiierature  (e.g..  at  12% 
10.6  g.  per  hour;  at  18.2%  ISA  g.;  ut  81%  22.7  g.;  and  at  28%  27.3  g.),  but 
with  the  ap|>carance  of  visible  sweat  it  rises  suddctnly. 

We  can  think  of  two  possibilities  ns  to  llie  winrce  of  the  water  given  off 
froui  the  sikin  before  the  appearance  of  pweat:  cither  it  is  a  protiuct  of  the 
bweat  glands,  or  it  i*  derived  by  a  purely  physical  process  of  dilTnsion  from 
the  gland  cetlu  and  the  epidermifi.  Considering  the  proportional  increase 
parallel  witli  [he  teiiipenilure  up  to  the  (Miint  where  water  is  poured  out  as 
visible  sweat,  the  latter  possibility  *ecnis  llic  more  Hkely. 
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CHAPTEH   XIV 

ANIMAL    HEAT   AND    ITS    BEQULATION 

§  1.    THE   TEMPERATURE   OF  THE  HUMAIT  BODY 

BiBDB  aod  Mammals  differ  from  all  other  living  creatures  in  that  their 
body  temperature  remains  constant  in  spite  of  all  variations  in  the  temperai- 
lure  of  the  surrounding  medium.  For  this  reason  they  are  called  komotother- 
mous,  or,  since  the  temperature  of  the  medium  in  which  they  live  is  generally 
lower  than  their  body  temperature,  warm-blooded  animals. 

Among  different  species  of  warm-blooded  animals  the  body  temperature 
exhibits  considerable  differences.  In  general  it  is  higher  in  birds  (39.4''-43.9'' 
C.)  than  in  mammals  (35.5^-40.5"  C),  and  among  the  latter  many  genera 
have  a  higher  temperature  than  that  of  man,  37.5°  C.  With  a  temperature 
as  high  as  the  normal  in  birds,  or  even  as  high  as  the  normal  in  some  other 
mammals,  a  man  would  be  very  ill. 

The  temperature  of  an  animal  is  usually  taken  in  the  rectum,  that  of 
man  either  in  the  rectum  or  in  the  mouth  or  in  the  axilla.  It  is  evident  that 
the  thermometer  must  always  remain  in  place  for  a  certain  length  of  time 
if  it  is  to  register  the  temperature  exactly;  also  that  the  temperature  cannot 
be  the  same  in  these  different  places  owing  to  loss  of  heat  from  the  superficial 
parts  of  the  body;  and  further  that  of  the  places  named  the  temperature  is 
highest  in  the  rectum,  lowest  in  the  axilla.  If  the  person  is  doing  physical 
work  the  temperature  in  the  mouth  may  fall,  whereas  the  temperature  in 
the  rectum  rises.  This  circumstance,  which  shows  that  the  registration  of 
temperature  in  the  mouth  does  not  always  give  trustworthy  results,  is  prob- 
ably due  to  the  cooling  of  the  skin  of  the  face  through  the  agency  of  sweat, 
to  the  augmented  respiration  by  which  the  lining  of  the  mouth  is  cooled,  etc. 
(Pembrey  and  Nicol). 

In  taking  the  rectal  temperature  it  is  necessary  that  the  thermometer  be 
inserted  to  a  sufficient  depth  to  register  the  actual  temperature  of  the  interior 
of  the  body.  In  the  mouth  the  thermometer  bulb  is  placed  under  the  tongue 
and  the  mouth  ia  closed.  The  posterior  opening  of  the  mouth  cavity  (see  page 
279)  normally  is  always  closed.  The  axilla  never  forms  a  completely  closed 
cavity,  but  for  the  purpose  of  taking  the  temperature,  can  be  approximately 
closed  by  pressing  the  arm  firmly  against  the  chest  wall.  It  requires,  however, 
some  time  for  the  temperature  in  such  a  cavity  to  reach  its  maximum,  and 
hence  the  thermometer  must  remain  longer  in  the  axilla  than  in  the  mouth  or 
in  the  rectum. 

The  temperature  of  the  surface,  especially  of  the  parts  habitually  exposed, 
varies  greatly,  but   for  the  clothed  parts   can   be  estimated   in  general   at 
39S 
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33*-35'  C;  the  naked  >>kjn  in  a  bath  of  5*  C.  still  has  s  tempemJurc  nf" 
17°,  and  in  a  bath  of  18"  and  25*  hits  a  (empcratiire  of  22'  and  26.5"  re- 
spectively.    The  terapurature  2  mm.  Wlnw  the  surface — i.  e.,  in  the  subcu- 
taneous tissues— under  the  same  circumstances  is  21",  24.8°,  and  27.5°  re-^ 
apectively,  and  in  the  maseles  1«  mm.  below  the  surface  is  36.3°.  S^.g",  andfl 
36.9"  C.  (Iiefevre).    The  organs  in  the  upper  part  of  the  abdominal  cavity 
are  still  warmer  than  the  muaclea  and  the  rectum.     According  to  Quincke 
the  temperature  in  the  interior  of  the  stomach   (man)   is  0.12'   C.  highevfl 
than  the  rifcta]  temperature,  and  aecordinj;  to  Ito.  that  of  the  duodenuni^| 
(rahhil)  is  0.7"  C.  higher.    The«<>  higher  temperatures  may  l>e  iliie.  in  part^| 
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Pto.  147. ^Thn  noniuti  dionul  rahAtion  of  tcropcmur«  in  nuut,  At ter  J OrgctiMii.            ^H 

at  least,  to  the  proximity  of  the  liver,  for,  according  to  Lefevre,  the  tem-^l 
perature  of  the  lircr  (of  tlic  dog)  may  ho  moro  than  1*  C.  higher  than  the 
rectal  temperature.                                                                                                            ^M 

Numerous  determinations  of  the  normal  body  temperature  of  man  have^f 
shown  that  it  presents  individual  variations  of  some  tenths  of  a  degree.     As^| 
a  mean  value  37.5"  C.  ia  given  as  the  temperature  in  the  roctum.  .17.2*  C  ^^ 
in  the  moulh.  and  37°  C.  in  the  axilla,     xiorcorer  it  w  not  entirely  correct 
to  say  that  man  hav  a  connlant  temperature.     Even  if  we  neglect  the  varia* 
tions  due  to  di«'««es  or  the  diminutions  due  in  excciwive  cooling  of  the  Imdy, 
it  has  Iwcn  shown  that  the  temperature  of  man  in  the  course  of  a  day  under- 
goes certain  nomiHl  variations.    TIm:  difference  between  minimum  and  maxi- 
mum in  a  thoroughly  healthy  individual  may  amount  to  l'-1.5"  or  more. 
These  variations  run  a  very  regular  course  which,  according  to  Jurgeusen, 
shows  a  minimum  early  in  the  morning  from  three  to  six  o'cloik,  iDrrofiA** 
jfraduallv  from  that  time,  and  after  some  fluctuationa,  rmrhea  a  maximom 
about  six  to  seven  o'clock  in  Ihe  evening  (Fig.  147).                                          H 

The  aiuse  of  thene  variaHotM  is  primarily  Uio  variations  in  tite  intensity  ^ 
of  metabolism.     If  the  CO,  elimination,  which  to  a  certain  exlent  may  be 
looked  upon  as  an  exprewion  of  the  relative  amount  of  metabolism,  be  deter- 
mined at  different  times  of  the  day,  a  nurprieing  agreement  is  found  between 
its  course  and  that  of  the  body  temperature  (cf.   Tig.   148).     It  should  be 
noticed  that  the  temperature  curve  in  the  6gure  was  not  taken  from  the  sanw^ 
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subject  as  tho  CO,  curve.     Thp  ilisprepancics  between  the  two  are  do  more 
than  can  be  satiBfactorily  pxplaincd  by  this  circumstance  alone. 

If  the  CO,  output  al  <lifforcut  hours  of  the  day  be  obtainecl  f>n  the  fasting 
body  iu  piirfiomely  enfonwl  physi<-«I  rest,  it  nhows,  aa  Ma^nifl-liOvy  and  espe- 
cisliy  Johanwon  have  pointed  out,  but  very  Blight  variafiotifi;  and  in  the  eourse 
of  ony  piven  period,  the  body  tern  pern  tu  re  rlecreaass  because  of  the  relatively 
nnall  metabolisra.  From  which  it  follows  that  the  above-mentioned  varia- 
tions in  the  intf^nsity  of  inetnboli^m  are  called  forth  primarily  l»y  die  variations 
iu  the  movernenlw  and  tension  of  the  muscles  occurring  for  one  rcanon  or 

another  in  tlie  course  of  the 
day.  A  cooperating  factor, 
though  nnt  of  itself  by  any 
nn'Hiij^  so  potent  as  the  nius- 
rular  work,  ii  tlic  increase  of 
iLiotnboLism  due  to  taking 
food. 

One  inference  from  this 
view  in  that  with  a  reversal 
of  the  daily  habits,  the  tem- 
perature variations  ought  to 
be  reversed.  According  to 
some  autlioni  this  actually 
tak(^  plam.  Htit  Rencdict 
and  Snoll  were  unable  to  ob- 
wrve  any  perfoptible  tend- 
ency to  a  reversal  of  the  tem- 
perature curve  in  the  caoo  of  a  man  who,  for  ten  successive  days,  worked  at 
night  and  «lcpt  by  (lay.  althoujzli  the  curve  did  vary  decidedly  from  the  normal. 

In  my  opinion  one  cannot  conclude  from  the-M!  obaervations  that  other  fac- 
tors than  thoae  momioned  above  arc  contuimed  in  produotinn  of  the  daily  vftria- 
tiona  of  toioiKTHture.  In  lliis  resenrch  the  subject  aiojit,  »»  thw  Huthnn*  remark, 
a  much  tihorter  time  thun  he  was  accuxtomed  to,  and  it  is  in  fact  a  fairly  com- 
mon experience  ttiiil  a  man  cannot  accustom  himi^elf  to  a  ruven^LHl  iiiude  of  life 
to  th*"  pstcnt  of  romplrlrly  cnnvprtinir  itny  into  night  and  nipht  into  day.  On 
this  account  the  mu^ular  nctivity  cuniiut  be  esavtly  adjuitti-d  Id  the  chaiifred 
order  of  life.  Alt>reov«r,  we  pi>!*si'!tM  oliHorviitiimfl  on  inonk<>y»)  whicb  sihow  that 
tlit<  ivv«Ts<-<J  onltT  ti'jv»  prodm-e  a  complete  revental  of  the  temperature  varia- 
tions. Wlien  these  animaU  were  kepi  for  days  either  in  eomplele  ilnrknesie  gr 
constantly  in  tbc  liKbt,  tho  normal  variationa  ceased  and  were  replaced  by  quite 
imyular  onea  (tJalbraith  nnd  Simpson). 
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Flo.  14&. — Thr  pliminnlion   of  carbon  dioxide  in  nun, 

(Iviirmimi'd  HVrry   two   liicium.       t"i),,    ici 

granw. luirnal  variAtiun  of  tempcrailure 

from  Lhu  curvo  by  Jurgpiuon  in  Fig.  147. 


Temporary  changes  of  the  liody  temperature  in  one  direction  or  the  other 
may  be  produced  hy  various  voluntary  acts  which  tend  to  incrcnae  either 
the  heat  production  or  the  heal  lo«(i.  Thus  tho  temperature  falls  as  the  result 
of  sitting  perfectly  still,  of  drinking  cold  water,  etc.;  it  riacs  as  the  result  of 
muscular  work,  etc. 

Uowever,  all  these  changes  in  (he  body  tempernture  are  aa  a  rule  very 
insignificant,  and  this  very  remarkable  fact  has  been  established — that  the 
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monii  value  of  the  body  temperature  obtained  from  a  large  number  of  detcr- 
miuations  exlwiding  over  periods  of  twuaty-four  to  forty-eight  hours,  remains 
the  sanip  in  spile  of  all  i*»cb  disturlmnn's.  Thi?'  niftintonan(v  f>f  tin*  mean 
IkkIv  ti'iiiiiiTHlTiro  iiiHjiiislioiiiilily  U  i'hi*4']y  rclatiMl  tn  the  fact  Ihnt.  witli  a 
fret'  choice  of  food,  and  within  periods  of  noiiio  days,  the  body  automatically 
mpiisnreti  out  it)*  supply  of  enerjry  with  unerring  regularilv. 

Variations  of  the  temperature  between  persons  of  different  age  are  but 
i^iight.  SiiK'i-  till'  fii-tus  Jiiiti  a  ciTliiiii  i^iiiall  uiftalmlicni  of  i|ji  own.  it»-  l)ody 
tempernturc  must  bo  somewhat  higher  than  that  of  its  mother,  which  direct 
obBervations  tend  to  prove.  The  difference  nmounta  however  to  only  0.3°  C. 
AftPF  hirth  the  li-miwrature  «f  the  child  sinks  from  0.5"  to  0.8"  C..  a  fact 
(lc|H'iiilenl  in  piirl  only  on  the  first  bath;  it  returns  dnring  the  first  W(>ek, 
i»  it  appeant,  with  gome  fluclualionfi,  and  Ilirn  in  miiinlaiiicd  at  the  value 
given  above  until  old  age,  when  the  lempuraturw  i»  said  lu  t>ecome  wme  f«nlh« 
of  a  dcgrEio  higher. 

Wlien  the  body  is  Fubjected  lo  excessive  loM  of  heal,  it  is  no  longer  ahio 
to  mnintain  its  tc-mpernlure  tit  a  coni-tanl  level.  The  l(i»«>r  thr  Iciii|KTature 
of  the  body  falls,  the  grcoter  are  the  diHtnrbanc«»s  thereby  produord.  The 
highest  nerve  cenlen*  are  the 
fir.it  tn  suffer  from  lliis  cool- 
ing. t«ut  the  centers  tif  the 
nmlutla  which  an-  important 
for  the  maintenance  of  life,  am 
not  paralysed  until  the  redui> 
lion  has  liei?n  civrrivil  imu-h  fur- 
ther. Theori'lically  it  may  be 
aiwunml  that  in  man  restora- 
tion i»  po^iihle  from  a  very 
considernbte  reduction  of  the 
btxly  tempernlure,  so  long  at 
the  centers  of  the  medulla  have 
not  lost  their  vitality.  Coses 
have  Iwen  oljserved  in  fact 
whrre  patients  recovered  fr*jm 
a  fall  of  the  body  ten^wrature 
to  24"  C.  due  to  grofli  expoiiure. 
Indwd .  a  case  hao  hei^n  re- 
ported of  a  man  who  retained 
con.*riou*ness  with  a  lempera- 
turoof  only  2B.7°  C. 

In  like  manner,  an  increoAe 
of  the  temperature,  if  it  pasftcfl  ft  certain  limit,  which  is  different  for  dif- 
ferent individuals,  involve*  first  disturbances  lo  the  general  health,  and 
later  loes  of  conwiousncM,  while  the  centers  nf  the  medulla  remain  funo- 
ttonal.  Tn  general  it  may  be  said  thai  the  body  stands  a  fall  liettor  than 
a  riae  in  its  temperature  A  rise  of  only  'i"  or  3°  C.  cause*  very  severe 
di»orderi*,  and  experience  has  shown  that  a  temperature  of  M"— 12°  C  con- 
stitutes a  very  dangerous  symptom.    And  yet  a  man  can  cnduro  etill  higfa«r 
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Flu.   MR  — TIk  [4-m]H-nililr('  tJ  (lw>  Ihnlv  fttltr  dfi&th. 

(Ninivricom).      ,    typhoid    tvyvr  {tb» 

l4fn|ieralui«  in  dtfnt*  crntipwltt  ia  fpvtn  at 
the  Icflt.  -  -  ■-.•.-•,  pulmonnry  corutumpHcB) 
(tcmperaUin;  «t  Uib  risht).  Tlw  KbaeUHB  repl»- 
M-nt  houra  »tUg  dailh. 
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temfwraturfc*  provided  they  do  not  last  too  long.  The  liigUest  authenticated 
terii|HsraturcH  of  |iatipnti;  who  afterwards  recovered  are:  43.6"  C,  sunstrokcj 
44°  C,  ijcarlatina,  malaria;  46"  C,  malaria  ( ?). 

Aftor  ricath  the  body  of  miirF>c  <*(>i)Ih  down,  but  not  alwnya  immedinlely. 
Thui*  it  liiis  b».-i-ii  nIiDwii  ihiit  Ihf  U-rTipiLTHhirc  nf  n  hnAy  whi«^h  has  Hied  (mm 
infectious  fvvi'ra  or  injuripH  to  the  brain  or  intKhiJIn  riM'«  for  ii  timi-.  Thi^  is 
ail  iiidiculion  that  tha  iiitaabidiBm  and  cousctiufut  hcnt  production  do  not 
ceatic  everywhere  in  the  body  the  moment  the  piilipnt  druwH  hia  luKt  brvulh.  Alao 
after  death  from  chronic,  long^eon tinned  diseases,  where  no  such  ptist-mortiil 
rise  of  tcmnernTure  in  obw;i-ved,  the  manner  in  which  the  fall  of  tempcroturc 
ocfurs  is  evidence  that  combustion  in  Bumc  org'ttna  does  not  wiuic  flie  iJii'imnt 
of  dr>alh.  We  find  in  tsueb  ca»e#  that  the  temperature  remainR  unehaiiKcii  for 
a  time.  <)r  falls  very  slightly,  and  llieii  det'lines  rapidly.  The  firnt  utOKe  can 
only  bt>  explained  by  auppwinf;  that  heat  prixluelion  itt  slill  K<^iui{  on  after  duath 
(Fig.  14»). 

§  2.    THE   SOURCE   OF   AMMAL   HEAT 

The  source  of  animai  hmt  \»  the  comhustton  going  on  in  (hf  IhkIv  (cf. 
;e  4(i).  liia«uiue^h  m  combutition  takes  place  tu  all  parts  of  Iho  body,  all 
ifae  difTerent  organs  partioipnte  in  the  production  of  heat.  And  yet  the  rihare 
of  the  difforenl  organs  in  thi«  proee&a  is  very  different,  aince  in  cerlalo  organs 
nietal)oli(ini  i^d  more  active  than  in  others. 

The  vrosastruiled  miiscief  are  the  most  imporlnrit  in  this  cnnnection.  They 
conBtitute  about  forty  per  cunt  of  the  total  wwJjfht  uf  the  iKMiy.  and.  if  we 
neglect  the  (ikeleton,  where  the  absolute  quantity  oi  hyat  pmduced  is  not  very 
BignificHnt,  they  constitute  fully  fifty  per  cent  of  the  weight. 

Even  the  perfectly  quicactmt  muscles  generatt'  heat.  Mcflde-Smith  dcler- 
inin(>d  aimultaiieoUFily  the  tem|ierfl1ure  of  the  blood  in  The  aortn  nnd  in  the  Ic^ 
muM^le^i,  diverting  the  bk>od  meantime  from  the  muscles.  He  was  able  to  show 
that  the  temperature  of  the  mu»cle  at  the  bexinninR  of  five-minute  perioda 
without  bloud  was  as  a  ruk-  hiuher,  and  at  the  ends  of  ibese  ikti^hIs  invariably 
hiRhfT  than  ihe  tem[)eratlire  nf  the  blood  in  the  aorta;  »t-to  thnt  the  tpmrheralure 
of  the  muself  always  rose  durinff  the  jtcriod.  The  increa-«r  might  amount  to 
0.1  C  and  the  iliflference  between  muscle  nnd  bicod  mi^ht  at  the  enil  of  the 
inriiKJ  be  0.6"  C  Then  with  every  mueciilar  contraction,  as  work  is  performed, 
additional  heat  is  generated.  Indeed  the  eiutrffy  coiksumcd  as  work  is  never 
more  than  a  fractional  part  of  that  which  Hpiwars  ns  heat  (cf.  pafje  113). 

Next  to  the  nuL-icIeH.  tha  glands,  especially  the  [iver.  stomach  and  inletitlnes, 
are  great  producers  of  heat;  hut  no  great  iinportatice  \»  to  be  ascribed  to  the 
bones  (ctcept  the  rerl  niarmw),  the  ekin  or  the  hings.  Very  active  melabolifim 
takes  place  in  the  gray  matter  of  the  rentral  nervous  sytitem.  But  eince  the 
Tnetabniiiim  tn  the  white  matter  ia  very  slight  (cf.  Chapter  XV),  and  *inre 
the  entire  nervous  »ysteni  amounts  to  only  altout  I,?t  per  cent  of  the  body 
weight,  it  is  not  to  be  supiwwd  that  thia  sy»:tejii  jtroducca  any  considerable 
fraction  of  the  total  quantity  of  heat  formed.  It  is  not  yet  poasihie  to 
determine  mure  accurately  the  share  of  the  different  organa  in  this  im[)ortant 
function. 


g  3.  LOSS  OF  HEAT  FROM  THE  BODY 

The  heat  fnrmc«l  in  tbo  liocly  is  partly  utilisieil  m  unrming  the  footi,  in- 
clijiiiiij;  Miller  iiigci^ifii  hikI  (1k^  air  inspintl.  is  partly  given  off  by  conduction 
and  radiatiuH  UimiiKh  tlui  t>kiu,  Htid  piirtty  ilisappcnrs  in  thi>  frnpomtion  of 
water  frnin  the  air  parages  and  from  the  itkin,  and  in  tlie  liberation  of  carbon 
iliosiik'  tmm  the  lun^^.  The  followinf^  estimate,  agreeing  essentially  with 
thi>^>  of  IK-liiibolU  and  Hoiienlhal,  iiidicattu*  Rppnisimately  Llie  pruiwrtion  of 
losses  in  no  adult  man  by  these  ditfereut  oyvuuw. 

A.   WaRMINU   Tlil   Fuvt>   AMU   AlK 

(I)  Wulrt  ilnmk  at  16*  0.  und  wanrn-d  to  37.5"— rai»ed  therefore  23.8' =    38.75  Oal. 

(fi)  I.MIO  g.  fiHHl  RAltTH  •!  Sli'  ('.  [niPMn)  unil  wannml  to  37.5"— r»iae<l  tht^rvfor* 

18.5" ;  !ii*ciflr  liriil  OJ* =    16.00    " 

(S)  1R.O00  g.  1=  ll,MlO  1.)  Air  rcflpirnd  at  IS*  C.  and  wanned  to  S7.S'— ntud 

Uwroforo  83.5' ;  upcciUc  hut  0.337 =  7<.7B   " 

tSb.70   - 
B.  Lou  OP  Wateb  Ava  Cd  n  the  Breath 

(4)  U  toaHatncd  Uiat  llio  iiiitplrni  air  i»  half  8atural«d  wilb  waltir  Taper  at 

IS'Cand  that  thfl  ox|)irnl  air  la  fully  iwturaled  at  3~.n  C.  Af'pruiU 
raat«Iy  450  g.  of  water  would  U'  givia  off.  therefore,  in  th«  form  of 
«npor  fiX)!!!  the  mpiralur)-  pbwagrs;  the  latciil  lieal  of  Iho  water 
¥.(«.r  i«  0.M7  Cat =  241.70 

(5)  Tbff  *lM»r|iliun  c^f  h«at  in  the  titwralton  of  C0(  from  tke  lun|pi(800  g.); 

O-IMCal.  perg =107.20    " 

Kromabo*e 138.70   " 

Total 477.«0   " 

The  mm  of  beat  looses  specified  umler  thc:>»>  Rvc  lieadingH  amouiitA  to 
477.60  Cal.  Bfttimating  the  total  heat  lm»  of  an  adult  man  at  2.400  Cal., 
lliis  «uin  reprewnts  only  «1mih(  Iweiity  [wr  cent  nf  the  total.  The  i^maining 
tpiglity  {>er  cent  (in  round  numbers)  takes  place  through  the  ekin. 

The  diTvct  ealorimetrt<;  mea^urpmentA  hy  Atwater  give  approximately  tlie 
name  result.  In  a  MTies  of  cxperiiiu-nM  Inntinic  forty  dmys  the  mean  heat  IcwBt 
ill  the  rnM>  ■>/  a  n^liiii;  man,  by  t-otidiic-(inii  and  radiation  waa  t.KGO  Cal.,  through 
Ilie  urine  and  fanx^  3t  Cal.,  by  evaporation  of  vater  650  CaL — i.  e.,  in  peroent- 
ase*  ~i.i,  1,4,  and  ^4.4  rtit|K-etivt'ly.  In  the  cuiw.<  of  a  man  at  work,  (he  mean 
for  twenty  days  hy  eonduotion  aud  radiation  was  2,27V  Oal..  through  urine  and 
fieoN  19,  by  fvafKiration  nf  water  1,12B;  or  in  |itTCi'-uiafte«.  (tfi.5.  0.6,  and  33.9 
rmpectively.  The  proportiou  of  vraporatiou  from  llw  nkiu  aud  from  the  luilfa 
wna  not  determined. 

Tlie  ekin  give^t  off  heat  to  the  snrronndtng  air.  or  to  other  eold  nubrianwii 
t'oming  in  contact  with  Ihe  b<Hly,  by  condm-tiou,  radiation  and  evaporation. 
The  rclalire  importunee  of  1he«  factors  Tariea  greatly  under  difTen-nt  eireum- 
f^tanecs.  Tho  quantity  of  water  vapor  giTwi  off  from  the  skin  dejiends  to  a 
great  extent  tmlh  upon  tlie  tenifieratun!  and  humidity  nf  the  nurrounding  air, 
and  al*n  upon  the  heat  prixluetion  going  on  in  the  body,  which  in  turn  rariea 
with  the  kind  and  the  quantity  of  food  eaten  aud  the  amount  of  work  done. 
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It  is  therefore  impoAsihle  to  give  definite  figures  far  the  amount  at  wator 
givuu  o(I  Uiruu^'h  lliy  skin;  for  all  of  the  twenty-four-hour  determinalinna 
thus  far  publishfid  have  rcfoM^nce  nnly  to  the  total  output  of  water  vapor, 
and  not  to  thi>  apportriinciurtit  helwiieii  Uingn  aod  ^ktn. 

Using  the  al»»ve-meiit irtnt'd  fificurps  (tubU',  pMite  4M)  for  the  output  of  vriter 
vapor  in  mpiratioit,  wo  eiin  fi'ini  eouie  approximate  iden  of  the  amount  of 
wutiT  vapor  elimiiiatt-'d  by  chip  skin,  Snmr  exiimpk>8  aru  uddui-fd  horo  in  which 
thB  neraaiHflrj-  reductions  have  nlrendy  been  made.  A  fnHiiitK  individual  gave  off 
thrijufrh  the  skin  on  the  tiffh  day  of  his  fast  approxinietcly  350  g,  of  water;  loss 
of  heat  1S8  Cal.  The  sflnic  individudl  on  a  ph-iitiful  dit-l  p;av«  off  thrnuffh  the 
skin  710  g.  wat*?r.  Iu»8  of  heut  3S1  Cnl.,  (wire  an  inucli  then-fore  as  in  (ho  first 
case.  Another  subject  at  rest  and  ou  n  moderate  diet  excreted  tbrouffh  the  ekin 
480  u.  "f  water  ( -  258  ('ah) :  ou  the  same  diet  at  ucrert!  wurit,  1.280  g.  water 
(=  esc  Cal.)  (cf.  fllso  pag:!'  397). 

Aocording  to  Zimtz.  soldiers  on  the  march  in  eold  weather  eliminat<;  about 
one-tifth  of  tho  total  output  of  water  throiiph  the  rwipiratiuu,  iti  warm  weather 
only  about  one-sixth.  In  extreme  cft!«es  tho  loss  of  heat  by  evaporation  may 
reach  the  ennrmmifl  value  of  ninrty-fi%-p  per  ocnl  of  tho  lutiil  heat  h«8. 

Tho  loss  of  heat  by  radiation  and  conduction  nlw»  exhibits  great  variatiouB, 
■which  depend  im  tlw  tetri|»eraturp  nf  the  surrounding  nir  and  the  heat  produc- 
tion gxiii);  ou  in  tho  budy,  as  w<.'ll  a»  u|Min  tho  clotliliMf.  Hoth  radiation  and 
conduction  are  considenibly  ureater  on  exposed  parts  of  tlie  skin  than  on  cli'thed 
puns.  From  exporimenit*  on  miveroil  purtiong.  the  total  heat  loss  by  radiation 
has  been  ralrulaied  for  a  prown  mnn  at  ahont  700-800  Cal..  while  from  obser- 
vations on  the  naked  skin,  it  is  &stimated  at  1,700-1,600  (^al.  Similar  differoucea 
have  been  observed  with  regard  to  loss  oi  heat  by  conduction. 


g  4.  PROTECTION   AGAINST  LOSS  OF  HEAT 

Kolwilhiitandiug  considerable  variations  in  (he  temperature  of  the  sur- 
rounding nir.  hnnioiothemious  nnimal-i  maintain  an  r-ve.n  bainnce  between  keat 
prutturlion  am}  hrat  hs.t.  That  tliis  is  poi^i^ible  with  rio  liuiall  a  quantity  of 
heat  production  in  the  hody  i»  due  lo  the  fact  that  provisions  are  made  in 
vnrm-hlooded  uuimals  for  restraining  the  loss  of  heat  through  the  skin.  These 
provisions  are,  (1)  the  subcutaneous  adipose  tissue,  aud  (3)  the  natural  hairy 
or  feather)'  covering  of  the  body. 

We  have  already  seen  that  the  muscles  oome  first  in  the  order  of  heat  pro- 
duction. Thip  Ileal  furinod  in  Iheui,  however,  cannot  be  readily  conducted  to  the 
superjacent  skin  because  the  inter^'cnins  adipose  tissue  is  a  very  poor  conductor 
of  heat.  A  piece  of  ukiu  2  mm.  in  liiickni-ss  will  allow  0.00348  cpl.  (xmall)  to 
pn.'W  through  in  one  minute,  when  the  difforencp  in  temperature  is  Ift.S"  C.  The 
■tame  piece  of  skin  plua  a  2  mm.  layer  of  fat  under  the  same  circumstanoe«  will 
alh)w  only  0.00123  cah  to  ps>is.  With  U-»«  difference  in  lem|ifrature  on  the  two 
sideij  the  protcctiniB;  influence  of  the  fat  is  still  KTeater.  so  that  for  example  with 
a  difference  of  9"  C.  a  layer  of  fat  2  mm.  in  ihicknrsa  retain.^  0,8  of  the  total 
quantity  of  heat  which  wonld  otherwise  be  nllowpd  hy  the  skin  to  pasa  throutrh 
(KIuk).  In  cou^idorinp  the  prupertiou  of  fat  deiioaited  at  different  places  in 
the  bo4l,v.  IlnnriquoH  and  Hnn-wn  have  directed  attention  to  the  lower  moiling 
point  uf  fat  which  lies  nearer  to  the  outer  surface  of  the  body.    This  is  doubt- 
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1e«a  eonnectfi]  with  lh<>  fall  in  ifmjiemtuK-  met  wirh  in  iuin^in)r  from  the-  inte- 
rior towanl  the  MirfBci-;  for  tlitr  K>w*?r  lh«  Ifmiwrnturp  tlw  lower  muni  !)«•  tl>9 
meltine  point  of  ttie  fat  la  ofxler  that  it  muy  Km&iu  in  a  SuiU  stulo. 

Till!  great  imj>uri»ncr  of  thfl  ttubcuianeowt  fat  in  iiKwt  iH-antifiilly  H'on  in 
lliL'  coih;  of  ibc  {.'rout  wuriti-litiXMlctl  iiiariiie  unimalK  of  tliv  an-tits.  '\'\wy  live 
hahitufllly  aiiion>;  the*  ico  btockit  in  a  medium  which  condin-t^  lieat  at  1ea»t 
twenty  lime*  lH*i[er  Llian  air,  ami  yet  they  aro  ahte  to  maintain  a  \vA\  tom- 
p«rftture  of  35°— 10'  C.  The  nkin  is  aubjectoi  to  conditions  which  wouM 
abstrflft  an  I'nnmioiis  amount  of  heat,  hut  the  oxtraonlinarily  Ihirk  layi'r  of 
bulK-utaneou.s  fat  i»ulates  the  niutwles  and  tlie  organs — in  sliurt,  Uw  rtuil  body 
—from  the  dktn. 

Fop  warm-lilomlul  nnimaU  which  Uvp  in  the  air,  the  lo-wi  of  Htrnt  U  ffrcatly 
ii*dnct.-(l  bv  the  hair  ami  ffalhcrs;  and  clothing  ser\'es  the  t^aniu  piirfKiw  fop 
our  own  bodies, 

Air  ia  itsfilf  a  n-ry  poor  condoctor  of  heat,  but  when  in  motion  it  may 
carry  away  great  quantities  of  heat.  Let  m  imagine  a  naked  man  in  an 
atmosphere  colder  than  his  «kin.  The  layer  of  air  immediately  adjacent  to 
iiis  skin  18  firat  warmed  by  his  body  and  as  a  consequence  it  bcenmes  lifter. 
It  pi>*&4  and  is  replaced  by  fresh,  cold  air.  which  in  its  turn  is  wamicil,  rc-| 
placci!.  and  so  on  incessantly.  The  body  produces  therefore  by  rirtnc  of  ita 
own  heal  an  uninterrupted  current  of  air,  which  abstractit  grciat  c|uantitiea 
of  heat  from  it. 
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This  active  exchaiige  of  air  is  considerably  restricted  by  the  elothinft,  what- 
ever the  material  of  whieb  it  is  niadv,  inaKiiiuoh  as  it  prvvenu  free  uu<.<e«»  of 
the  air  to  ili(>  nkiu.  Tliu  air  iiidoM^I  by  Thi>  rIothinK  is  reUtivi^ly  stationary 
and  thuH.  becnum;  of  '\l»  poor  conducting  quulttiet!.  it  constitutca  a  ihennally 
insulating  layer  around  the  body,  MonHJver.  not  only  the  air  bctwe^^n  the  cloih- 
inK  and  the  akin,  nx  wfrll  n»  Inrtwecii  the  diffi-n-nt  fr'^nento,  but  the  air  in  lb« 
mt'dhes  of  the  ctothinR  mRterial  itwif  is  to  be  taken  tiito  oonsiderntion.  For 
cloUiinK  matcriaU,  like  hair  and  fealhcTS.  arL>  of  thcmflclveH  much  butler  uun- 
duclura  than  air.  The  amount  of  air  held  in  the  meshes  of  the  clolhinjc  of  a 
man  as  ordinarily  dressed  (excluding  vrflp«i)  is  estimated  at  20-30).  (Kubner). 

Tmptirtant  an  ibiH  laytT  of  titirniuiidinfr  air  is.  it  must  not  stand  absolutely 
still,  but  miitil  be  kf|it  in  continual  niotii>n,  even  if  it  be  very  elow  motion:  for 
otherwiiic  ilif  air  vltj-  ijuickly  bccotm-a  uUuratefl  with  water  vapor  jrivi-n  off  by 
the  akin,  and  then  no  fnrthnr  \i~'i^  ot  watrr  vnpor  ean  take  pinrc.  The  rMull  ia 
(rrcfll  discomfort  and,  under  some  circumstances,  great  di^turljiUK-es  in  the  ref- 
lation <if  boat. 

The  lw»  of  beat  by  radiation  is  likewise  reduced  considi'rably  by  th«  cloth* 
inir.  Since  the  clotbinfc  matcrialH  consist  of  !«ulMiinicea  which  do  not  permit  the 
pa&vige  of  radiant  heat,  they  aliaorb  the  beat  radialinfr  from  the  skin  and  are 
themselves  warmed  by  it.  Con)ie<|uently  thi.'*  heat  remains  loni^r  in  the  neitrb- 
borh<Nxl  of  tlie  biKly  and  ttiUM  hidpM  to  warm  the  air  immL-diately  surroundinK 
it.  When  one  feels  that  be  i»  loeing  heat  fn»m  the  immetliaie  iit?i«hborhood  of 
ihe  body  too  rapidl.v.  he  covow  the  yanncrtt  from  which  the  hi?at  ia  escaping 
with  still  anolber,  wbioh  onlcheH  lbi>  bent  radiatinft  from  the  first  and  delay: 
at  ill  Innifer.    A  shirt,  vest,  coat,  etc..  act  in  this  way. 

The  radiation  of  heat  from  the  skin  is  still  further  diminished  by 
rapor,  because  it  reduces  the  diathermic  capacity  of  the  air. 
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As  a  result  nf  tlicK>  protective  meatiiureK.  tlie  tcinpereture  of  the  air  imme- 
diately surrounding  the  \>oAy  ui  generally  soraovrhai  above  .lO*"  C.  The  nkin 
ii>«lf  in  plac-i-s  ulicrc  it  is  clothcil  lias  h  tem|)tTature  of  dS^-SS"  C,  oti  uaked 
placoti  it?  ti'inpcTHturt'  h  Imwxt  (t-f.  pag".'  .'Sit!'). 

That  wflriii-lloodtxl  animaU  can  maintain  a  constant  bociv  tempcraiure. 
whpti  pxposed  tn  a  vory  low  external  It'inperiiture,  \^  duo  to  tlieir  natural  »ir 
artificial  clothiTi^.  This  is  perfectly  evident  from  the  fnet  that  the  tempera- 
liire  r>f  an  animal  ileclines  nntre  or  li-w-  when  it  if  shorn,  m-  wi-li  a^  \iy  the 
experience  that  a  naked  man  nt  rest  can  only  maintain  his  temperature  a* 
the  normal  level  when  the  surrounding  temperature  is  at  27°  C.  or  higher 
(^-nator). 

ily  extH-TiiEL-iirs  wirh  tl«>  calorimeter  Rubner  has  determined  the  RaviiiK  of 
heat  to  tbi^  body  aeoonipjiF'hi'd  hy  clothing  in  unmc  special  cb^ch.  A  guinea  pig 
Ifjst  normally  by  radiation  jind  cnnductioti  on  the  avt^tagc  3J17  Ctt\.  per  hour; 
after  Ih^iiih  "lidrn  tin-  hourly  Iom  was  4.1!^  Cal. — i.  v.,  •VH.'i  pvr  writ  [ut<r<\  In  the 
humiiij  subject  (ho  low*  from  the  iiake<l  ami  hy  radinli'iii  and  conduction  at 
onliiiary  rn-jm  tMBpcruiuru  wuh  about  thirty  imt  wnt  morv  than  thai  fmm  the 
clothed  nrm. 

And  yet  the  savinfi  sotuully  a<-comp]i'4lii'd  by  the  clothc«  is  somewhat  less 
than  this  wmild  indicate;  for  the  nulpiit  of  u-ntcr  vapor  fn^m  the  clnthml  lH>dy 
is  RTCMlfr  thiiii  fmni  Ihy  naked  because  of  the  hiuber  Icmperalun*  of  tlic  air 
iiiiraediiitcly  adjacent  to  the  skin.  From  experiments  on  the  naked  forearm 
and  oil  rhe  hand  It  Iuih  bcL-ii  found  that  in  a  dry  atmo»phcrt'  at  a  tt^mperature 
of  IIj^-SO"  C  about  twenty  per  cent  nf  tln=  Iota!  heat  loss  tJikea  place  hy  evapo- 
ration. Tmm  ihe  naked  nrm  the  eliiniiiAtion  of  water  amounted  to  3.1»9  ft.,  and 
from  thy  ebttbed  ami  AM*  n. — a  difference  of  twenty-two  per  cent.  Using  this 
value  the  snvimt  of  heat  due  lo  clothes  may  ki*  ealuuluLed  as  follows: 

Tbo  total  lo«H  ')(  boiil  tlirouKli  Ibu  «kiu 100 

Bjrntiliuii'jti  uml  ('i^iidiitaiiiri   80 

By  «vtip<>rHtioii 90 

Tho  loGs  by  ntdiutioii  and  ctiidueUoii  is  diiiiiiiislivil  by  lliu  dolhei 

IwiNily  per  (.-(.'III.  Irsviiic  tlii-n-f'>M' H 

Wbilii  lb«  ]'<■<-■'  liy  eiu^Hinttutn  is  inorMMd  Lweoty-two  ji«r 

eeiil  making M 

Tylal "«t 

The  fiavin?  according;  to  thia  amounts  to  about  twenty  per  oent  at  ordinary 
room  lemjieraturc,  and  of  cmirae  at  lower  temperature  is  much  great^tr. 

Ju!*t  as  man  seeks  In  n-duce  as  much  a*  powiMe  the  loss  nf  hoal  during 
the  winter  by  wearing  heavier  rlothinp.  so  the  animals  offset  Ihc  influence  of 
the  lower  temperature  hy  a  thicker  coat  of  hair  or  feathers.  What  this  thii-k 
coat  actually  dooi*  for  it.*  owiicr  nmy  (>e  pcen  in  polar  nnimaU  livinij  in  the 
air,  which  mninltiin  a  tioriiiiil  body  ietii|)urature  even  at  an  external  tempera- 
ture o£ -40"  C.  (I'nrry). 

8  5.    REGULATION   OF   THE   BODY'S  TEMPERATURE 

The  facts  thus  far  discussed  relate  only  to  the  necessary  conditionsi  for 
llie  nmintenance  of  tlic  Imdy  tcniperatiirc.  hut  by  tin  means  sufliee  lo  explain 
tiii^  jdienotnetton  theoretically.     For,  while  both  animals  and  men  are  all  th« 
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time  being  exjwiWHi  to  ffreater  or  I«*e  variaticHis  in  the  tcmpvraturt*  of  th< 
btirrrtunilitig  iruNliinn,  ntnlher  the  tliickneHt!  of  the  clothing  nor  that  of  Ihej 
adipotK!  ti&sue  ua  UHng  cUaiiguil  to  ciirnwfMmd  with  thfi^>  variations;  and  yet 
the  body  maintains  it^  tt-iupcraliirf  imchanj;c«L     The  liurti  total  of  all  thosfti 
processes  hy  which  ihi?  (vmhtanry  i:*  tiiaiiitaiiiL'd  is  comprchondod  iindor  tllflj 
tenn  heat  regulntion  of  lh<_'  ho;Iy,     Th(jtie  pmc(?ssi?s  can  he  divided  into  two 
groups  according  as  they  relate  to  heat  production  or  to  heat  loss. 

TIiP  way  in  which  thi?  production  of  heat  \»t\<:*  Tinder  the  inflnonfc  of  the 
liurrnimdin;;  tcnijieratiirc  ha;*  been  already  presented  in  Chapter   IV    (page 
114).     Hut  heat  production  ia  influenced  also  by  the  avwuni  of  food,  and  iai 
controlling  the  Inlter  we  have  a  mean*  nf  adapting  Ww  trans fonnnt ion  of] 
substaDcc  in  tlir  Ixtdy  to  thu  nspiirt'nit'ntc  of  heat  regulation. 

A  noteworthy  itlut^traticm  ih  friven  by  K.  ¥..  Kankc.  who  nitudiiKl  hiu  dietl 
both  in  Oermtmy  utid  dnrinir  a  ■wicniifi*'  cxiHvlitiiin  to  tlnixil.     AUnwiuf;  hira-j 
self  free  choice  of  f{M«l,  the  ameuiit   Iwitifj  rontni]lwl  only  hy  Iuh  aptietile.  hia 
totiil   iiitaki'  between   the  teni|»era» ii te»t  of   Ift*  and   22°   C.  wa«  on   the  avcraffej 
8^30rt-.t,5W  Cal.    In  a  drj-  climutv  at  a  teraperalure  of  gS"  C.  it  fell  to  3.800  Cal, 
and  at  an  atmospheric  tempcrultirc  of  '^S'-SH"  with  a  humidity  of  about  eiKfat3r-| 
thni-  |HT  cent,  it  reached  the  hiw  level  of  1.070  t'al.  (  "  21.1)  Cnl.  (kt  ku.  btrdyi 
weiirht).     Tlii*  iKidy  wciRht  decreas^ed  however  uri  this  low   mtinn.     In  order  to 
reenvcr  hix  oriKinal  weight  he  wkm  LibligLiI  1c>  mlopt  a  richer  diet,  but  variotia  i 
dinliirbaiDX!)*  Ju  \n*i  Kenural  health  n|>}>cHred  while  be  who  experimenting  in  tbi<j 
direct  it>ii. 

A.    REGULATIOIT  OP   HEAT  LOSS 

\<i  we  have  Kwn  above  the  lemperatuii'  of  the  f^kin  de|M'ndK  primarily  upon" 
llie  blood  supply;  the  greater  Ihe  amoiuit  of  blood  flowing  through  it.  th« 
warmer  it  becomes.  But  the  wanner  the  fikin  Ixwotnes,  other  conditions  being 
the  Mnie.  the  greater  in  the  Eott*  nf  heat  from  the  skin  hy  radiatinn  and  trtJi' 
diLclion.  The  lual  hnw  by  radiation  and  i-onduelion  tlien.^fore  depends  npoo 
the  amount  of  blood  nuppUi'd  to  thr  si-iri. 

The  hloofi  TCf^eU  of  Ihe  .tkin.  like  the  other  vciwels  of  Ihe  l)ody,  arc  nndt^r 
the  iiiftuence  uf  the  vnmmotor  mfvhanisma,  and  are  constricted  or  dilated 
according  to  the  momentary  nxpiirenienl*  of  the  heat  regiilalion.  Thns  in 
cold  wcatlier  and  when  the  production  of  lieat  in  the  IkmIv  in  not  greally 
iocn-ased  liy  muscuhir  work,  they  are  condtrietod;  and  in  hot  weather 
arc  dilateij. 

ThL-*^'  changes  in  ilie  MockI  pupply  of  the  8kin  scnre  in  another,  and 
haps  etill  more  important  manner,  to  regulate  the  lo»8  of  heat.  Oiiring  ita 
flow  through  the  cutaneous  vc**clfl,  the  bhxtd  naturally  give^*  off  heal,  and 
n>lums  to  the  interior  twmewhat  cooled.  When  the  Teasela  are  dilated,  more 
blood  flowit  through  them,  and  more  beat  is  thu;?  lost  than  when  thev  are 
ponNtrieteil  and  the  quantity  nf  blond  flowing  through  thfim  is  wmall.  While 
the  cutaneous  vcs«*ls  arc  ennrtlrieted.  the  vessel;*  of  the  alHlnminal  viscera  and,, 
fta  it  appearn  from  the  investigations  of  Wertheimer.  tho«?  alj^i  of  Ihe  mnsclea; 
— i.e..  of  Ihe  mofit  important  heal -producing  organ* — are  dilated;  while  dur- 
ing dilatation  of  the  cutancouis  vesM>l»,  those  of  Ibc  abdominal  TtKera  are 
constricted. 
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Kxperience  ppwee  tliat  a  man  cao  maintain  his  bodr  temperature  vitboat 
itit^TtstJm  in  an  atmcwfJiert  vhwe  ttmperatnre  is  mmck  higher  tham  that  of  his 
ttodji.  Tliix  appean  the  more  remarkaUe  vhen  we  ctmeider  that  the  metabo- 
ium  and  lieat  yi^jduetitm  vf  the  bodj  nerer  cease,  hoTerer  high  the  mrrtHind- 
ia^  Uitap^rziurtf  niar  he.  The  fact,  a«  vai^  firet  obeeired  h\  Benjamin  Frank- 
lin, iis  t(«  )je  «xplaiu«d  bj  the  MscreticHi  of  sweat.  At  a  higfan'  atmospheric 
twiperatun*  the  nreat  giand«  are  i^timtUated,  and  evaporation  of  the  sweat 
thtu  \fiund  out  upffn  the  Kkin  absorde  a  Urge  qoantitr  of  beat  from  the  bodr. 
In  thin  way  the  UmIv  w  cooled  and  maintains  its  temperature  unchanged, 
whetlufr  t\ui  outride  temiM;niture  exceeds  or  only  approaches  that  of  the  bodv. 

Hut  the  amount  of  Kweat  secreted  depends  not  only  upon  the  temperature 
of  th'!  air,  hut  aim  upon  the  amount  of  heat  being  produced  in  the  bodr  at 
the  time.  If  the  heat  production  of  the  body  be  considerably  increased  as  the 
reifult  of  mi\eT*i  muscular  work,  the  body  will  sweat  even  at  an  atmospheric 
temixTatun;  of  if  C.  After  a  full  meal,  owing  to  the  increased  hf^t  produc- 
tion a  f^n.'atcr  (juaiitity  of  sweat  is  secreted  than  when  the  metabolism  is 
reduced  for  lack  of  food. 


B.   CERTBK8  FOR  HEAT  RSGULATIOH 

Among  Ihc  many  w>-called  "heat  centcn;,*'  located  in  different  parts  of 
the  <:<*ntral  nervout*  xvHtem,  which  have  been  mentioned  by  different  authors, 
only  a  MJnjfK;  tme  v*n:nw  to  Ix;  fairly  entitled  to  the  name.  If  a  fine  needle  be 
ttiruift  into  the  brain  from  almve  downward  in  »uch  a  direction  as  to  strike 
the  riKHliul  <r(lf!e  of  the  corjmji  striatum,  a  riae  in  temperature  appears  in  the 
Hkin,  in  the  miiKc^les  and  in  the  rectum;  likewise  an  increase  of  metabolism 
and  (if  heiit  Iohk  an  dirturmined  by  the  calorimeter  (Aronsohn  and  Sachs, 
Itichct).  'I'he  ini-reaw  of  temjwrature  amounts  to  more  than  2°  C.  the  in- 
creuMc  of  nictiilH>!JHiti  und  of  heat  loss  to  about  20  per  cent.  The  maximum 
v.\X(H:t  Hppfiirn  witliin  twnnty-four  to  seventy-three  hours  after  the  puncture, 
utih-HK  Ih<*  niM-dh'  ln'  pnwwfl  through  to  the  base  of  the  cranium,  in  which  case 
it  iippcnrH  witliin  two  to  wven  hours.  The  results  of  electrical  stimulation  by 
nn'iniM  of  elect rodcK  inKulnte<l  to  the  ends  show  that  the  effect  of  puncture 
in  due  to  slinmlfltidn  and  not  to  destruction  of  the  parts  encountered. 

We  eiinnnt  form  any  definite  opinion  at  present,  as  to  the  significance 
whieli  thin  rind  other  "  heat  centers  "  have  in  the  regulation  of  this  important 
funetion. 

Ilriw  lhc<*('ntrrH  for  heat  rrfculotion  (wherever  they  may  be  located)  are  stimu- 
lated, iH  iiiiotlier  qucHtion  which  cannot  be  conclusively  answered  as  yet.  It  is 
Indeed  fiiirly  ci'rlnin  that  the  cold  and  heat  nerves  of  the  skin  play  a  great  part, 
Hiiice  heiit  prixliK'tion  and  heat  lona  are  reflexly  influenced  in  one  direction  or 
the  other  iieeordiiifc  to  conditions  reported  by  these  nerves.  Changes  in  the 
leiiiiieriiliire  <if  the  Itlood  also  miftht  play  a  part;  that  is,  cold  miprht  by  direct 
iictimi  1)11  tlni  heat  eeiiterx  brinp:  about  an  increase  of  metabolism  and  a  con- 
Hlrielioii  of  Ihe  eutaiieoiiH  vensels.  or  warmed  blood  miphf  rouse  the  sweat  centers 
to  iiiercjiHi'iI  aelivity.  This  mechanism  does  actually  participate  in  some  such 
way  ill  tile  n'Kiiliiiion  of  heat,  for  in  muscular  work  the  avrcat  breaks  out  only 
wlieii  tile  body  ti'iiii)i.'ruluru  hay  increased  O-S'-O-S"  C.   (Fredericq).     Likewise 
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the  ougmentiKl  rcitiitrAtiinn  appenritiR  with  a  hiffh  externfl)  temiHTfiluiv  (i>hk« 
3lf*)  ift  PHinH^i  by  «  ilinvl  fxcitiii(r  effi't*!  nf  ihu  blutHl,  for  it  ciin  bv  rv]>roiiiH"wl 
in  all  itH  esseiilial  fenturea  by  ]ui»itl.v  wuniiinii:  the  blixix)  in  thv  imrutids  mi  llie 
wuy  lu  ihv  bruiii;  btiL  it  will  not  ajiiK'nr^  notwitlit^taocling  o  very  strong  h<>jit 
Blimuhiii,  when  the  head  i^  ooo1<^. 

Tlic  iiliilily  to  maintain  ii  ronstant  U>mp(^rfttuTe  in  certain  spocii's  of  ani-r, 
mals,  ini-hniing  man,  is  nt»t  fullv  ilfvidnpiHl  immediately  after  birth.    In  iMck] 
warm-bloo(J(iI   animals  as  have  h   well -developed  nervnnu  system   at   hirth- 
0.  g,,  guim'ii  pi^  and  chick — the  heat-regiiJiilin^r  mechunifim  aha  i»  eompletely 
functional  at  this  time.     But  those  whidi,  like  rat;*  and  piyeons,  arc  Imm 
Mind  and  helplpiw,  only  acquire  the  power  of  rpjfiilattng  their  o»ii  Irmjwnitum 
in  the  euurw-  oT  thv  set-uml  week   (Pemlm-y).     The  newborn  child  sImi  )i88  ^h 
not  yet  vmw  into  full  posnewion  of  its  jMiwer  to  rejtiilute  its  lieiit  { Haudnitz).  ^| 
II  in  prnlmhle  llijit  thin  iMwt-emhrvnnic  develnpmrnt  of  Ihn  rej;uIatory  mccli- 
ani»<m   is  iiitiintitely  eonneeti^l  with   the  duvelopmuul  of  the  neurouuH:ular 
nppnnituii  going  on  at  the  »ame  time. 


CHAPTER    XV 

THE    FUNCTIONS    OF    CBOS8-8TBIATED    MUSCLES 

The  purpose  of  the  cross-striated  muscles  is  twofold :  first  to  provide  for 
the  bodily  movements,  and  secondly  to  participate  in  the  production  and  regu- 
lation of  heat  in  the  body.  In  this  chapter  we  shall  first  inquire  into  the 
general  properties  of  the  muscles  and  shall  then  briefly  discuss  their  relations 
to  other  organs. 

FIRST    SECTION 

GENERAL  PHYSIOLOGY  OF  MUSCLE  AND  NERVE 

Inasmuch  as  the  general  properties  of  muscles  and  of  nerve  fibers  agree 
in  many  rcHpects.  and  the  information  gained  from  nerves  very  often  throws 
light  on  the  corresponding  phenomena  of  muscles,  it  seems  best  to  discuss 
them  here  together. 

Physiolofirista  have  for  a  long  time  given  preference  to  the  study  of  the  gen- 
eral properties  of  muscles  and  nerves  because  at  first  it  promised  to  yield  very 
important  results  bearing  on  the  fundamental  properties  of  the  living  substance 
in  general.  A  great  number  of  facts  have  been  collected  by  the  work  done  in 
this  field,  but  unfortunately  they  do  not  as  yet  afford  us  a  basis  for  any  con- 
sistent theory  of  nervous  and  muscular  activity.  Significant  as  these  facts  are. 
we  must  be  content  to  mention  only  the  most  important  of  them,  a  more  exhaust- 
ive prPHcntation  being  quite  beyond  the  possibilities  of  a  text-book  of  this  size. 

When  not  otherwise  expressly  stated,  the  facts  given  may  be  understood 
as  applying  to  the  .surviving  nerves  or  muscles  of  the  frog,  exsected  from  the 
body  (cf.  page  f>).  A  motor  nerve  is  generally  employctl  in  investigation 
of  the  general  properties  of  nerves,  and  in  most  eases  the  muscle  connected 
with  it  serves  as  the  indicator  of  the  state  of  the  nerve.  The  changes  in  the 
form  of  the  muscle  are  usually  registered  by  the  graphic  method  (cf.  page  fi). 

gl-    FUNDAMENTAL  LAWS   OF   NERVOUS  ACTIVITY' 

A  nerve  is  irritable  to  ordinary  artificial  .'stimuli  at  all  points  of  its  course, 
and  it  IriinsniitM  the  stimulus  in  both  directions  from  the  point  of  stimula- 
tion. This  is  best  shown  by  means  of  the  action  current  ( papc  4S).  If  a 
nerve  be  stimulated  at  its  middle,  each  of  tlie  two  ends  being  at  the  same 

'  The  profHTtii's  of  different  kinds   of  nerve  fibers  will  be  diaaiss<il   more  fully   in 
Clmpter  XXII, 
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time  counwtwl  wilh  a  galvanometer,  the  action  current  appcara  in  both.  This 
i»  true  not  f>nly  nf  mixed  ner^x-  tninki*  composed  of  boih  afferent  and  effuTcut 
fibers,  l)ui  can  Ik"  (li'iiionsirntiHl  nii  the  (Ulterior  rootj*  of  the  itpinal  nervca 
which  eimtain  oiily  eirerelil  filw-rs   (Du  BoJs-Ueyniond). 

If  a  living  none  l»c  w^vcrwl,  it  of  ro«r«e  no  longer  has  the  jxiwer  to 
traiiHmit  Iho  stimuhifl.  Rut  the  same  is  true  if  the  nerve  lie  simply  ti«l  off. 
To  lie  capable  of  eondueting,  a  nerve  mnai.  therefore,  be  intact,  not  only  ia 
the  phyKical,  htit  also  in  the  physiological  sense. 

The  eonduclivits  of  a  iierre  may  be  diniiiusheU  or  abolished  for  a  lirne  by 
vfiriouH  RReiil#:  external  pre»mrc — c.  »■•  uJk-u,  a»  we  aay,  ihe  tiinini  "k<i  loi 
|ili-t'p";  rhlnriiform:  uVuhnl,  etc.  All  Mii<-h  aRPiili)  have  thin  in  C(iiiiiii'>n.  that 
ihi'.v  re<hic'e  or  t-Vfii  iibuli^h  ihu  i)hj'>«ioln(ti<'nl  •luiitinuily  nf  the  nerve,  without 
destroying  its  physiral  intcRnty.  And  yet  the  lin-«l  exritiibility  of  the  nt^rve 
in  the  sAine  plaiv  mny  iH-nfi.tl.  I'tider  certnin  eircuinAtH]iec«  it  may  hnriin-n  mUo 
ibtit.  a  H-KHient  of  the  ntrve,  whieh  for  «ome  reason  i^t  not  excilnblPf  still  ban  the 
power  to  irniiMiiit  the  stimulus  rtivlviil  ut  atntto  other  iioiiit  on  the  nerve.  Thia 
IB  wilnPHHLtl.  fur  example,  in  certain  HlRKe^  nf  n';^nrrnli»n  of  a  nerve  that  has 
been  etit.  Moreover,  ihe  excifabilifft  of  the  nerve  diies  not  alwoyci  keep  even 
paee  with  its  coudttftirittf,  pomibly  beeausc  the  nerve  re«|Ninda  in  a  different 
maoiHT  to  iti«  luitund  Atimuhix  prtipai^ted  from  one  Begim'nt  to  another,  from. 
what  it  does  tu  the  urtitieial  stimuli.  ' 

A  atimiiluK  nnce  reccivnl  hy  a  nerve  fil>or  lit  trniii^mitled  only  within  the 
feame  liber  and  its  branelR'^,  never  ]>n(**in4.'  to  the  fibers  running  beside  it  in 
the  uame  trunk  (law  of  isolated  conduclion). 

Thin  law  holds  alwi  for  the  eonduclin«  pnthwaya  in  the  central  nervous  iiya- 
tem.  One  eiin  eoiiviuee  hiiuMelf  of  it»  vtilidity  in  a  very  simple  way.  If.  (or 
example,  he  tcnieli  the  tip  of  hm  lougue,  at  each  of  two  placca  abuut  1  mm.  apart) 
with  R  ithnrp  poinr,  he  ean  di^linfnii<<h  the  two  points  very  aeeumtely,  whieh  of 
eourse  would  not  be  possible  if  the  two  stimulated  the  Kome  nerve  fiber. 

In  vL'ry  closie  relation  with  this  law  belonjra  the  discover}'  of  the  sprrific 
fhanicier  of  the  response  to  exeitalion — i.e.,  that  stimulation  of  a  definite 
nerve  produces  an  effect  in  its  own  answering  organ  and  in  that  organ  only. 
By  the  nnnu!erin(j  ortfati  wc  mean  that  particular  organ  connected  with  ths 
nerve  and  Kiieeially  infltiem-erl  by  it.  The  answering  organ  of  an  nrtii 
motor  nerve  is  ihu  muHcrle  which  jt  inuurratcs,  thv  answering  organ 
sccretoiT  ner%*p  iii  the  gland  which  it  controU,  etc.  The  anitwcring  or| 
nf  the  afferent  ncrvew  are  ncr\'e  cells  ^iluati^I  in  tlie  eenlnil  nonrous  system. 
From  tlu-se  new  ner\'e  pathi*  originate,  and  end  in  other  nerve  cells,  and  thus 
slirnulation  of  a  single  aff'en'nt  nerve  may  ron«e  a  whole  seriiw  of  differeiil 
nerve  cells  unit(?il  iogiahor.  Finally,  a  nerve  ct^ll  connecled  with  an  efferent 
nerve  may  l>c  set  in  action  hy  an  atfcrent  ner%-e.  and  a  ]>eripheral  organ  may 
thus  he  Btimntaiod  without  the  participation  of  the  will  or  even  of  conscioua- 
ness,  Snrh  a  phenomenon  wc  call  a  rfftri  (Chapter  XXII).  Bceanse  nf  the 
manifold  way  in  which  the  nerve  fibers  are  combined  with  one  another  in  the 
ceniral  nervous  s\'stem.  very  complex  effects  may  result  from  a  single  affert-ut 
stimulus,  without  in  any  way  invalidating  the  law  of  spvcific  response. 
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§2.    THE   PROPERTIES   OF   RESTING   MUSCLE 

A.  ELASTicrry 

If  a  metflllic  wire  vortically  i*iispen(l»'il  he  loadeO  with  a  certain  weig-htj 
elmoHt  imnirdinlrly  it  asKUine^  Ihc  niaxiinivm  U'ligth  for  that  Inail  and,  prAc- 
iically  epauikin^.  is  not  I'xleiidcd  further  however  ioiif;  the  weifilit  ri!main.s. 
A  muscle  or  other  orcanie  tiinsut.'  hphaves  very  differently-.     If  we  toad  a  fresh 

ninwle  with  n  weight,  for  a  moment  it 
takes  a  certain  Iciifilh  awtirdiiif;  to  the 
size  of  the  load,  hut  thereafter  tt*  long 
ns  the  uvight  remains  it  etinJinuoa  to 
siruteh,  at  first  rapidly  and  then  more 
and  more  slowly.  This  secondary  strctch- 
injr  is  spoken  of  as  the  after  extension. 
Wtn-n  ti  mUHflo  nlrrady  ("trctched  hy  n  cer- 
tain weiglit  is  uril<iade<l.  it  shortens  rap- 
idly at  lirst.  then  more  and  more  fliowly. 
In  this  case  it  is  said  to  exhibit  secondary 
itlafiticity,  or  fl/'((?r  jiAor/Miin^   {Vig.  150). 

These  secondarj*  pb«;iiomena  rcndtr  the 

iiivcstifiatioti    of  thi-  eliisti(;it.v    iti    niiisidvia 

and    th>p   infliicnrc   of   loud    rather  Hitfic-iilt, 

In  order  t^>  redui(*c  ihe  effect  nf  nftrr  oxton- 

Ktoii  ait  miit'h  ».t  poKKibli'.  MiirL'.v  u'ld   Htix 

have  lilt  U|ii»n  a  device  by  whirh  the  load  can  be  increased  or  dimiiiisbed  fuiitiu- 

ui'UJ^l.v  and  very  rnpidly.  and  IIk*  variations  lu  Icugth  of  the  muscle  can  be 

recordwl  at  iht' ttunic  time  CKi«.  ICI). 

The  Biipiiort  (i)  hears  the  mURcle  lever  (c)  on  which  the  muitclR  is  fastened 
at  m.  The  lever  is  loaded  by  mcaiia  of  the  weijtht  A,  nnd  Ih  cimnterhalannwl  by 
the  weight  t.  The  plate  (f)  with  the  recording  nurfaee  (f)  attached  to  it  can 
be  mo^-pfl  back  and  forth  between  the  two  ledtces  screwed  faul  tn  llie  hauL:  At 
the  »ame  time  the  wuigbt  h  euntrulled  by  the  bar  b  ia  moved  ahmj;  the  lever, 


Fig.  I5i>. — Curves  rp|imH.'n(inK  lii*  ex- 
k-iDtiuii,   A,    nnd   rliwllc   Hliiirloilnff, 

Blix.  A  wriw  flUcliU-nly  loiuli-tl  willi 
lUD  ft.  at  vHght  iLmt  H  wim  aud- 
denly  rrli«vi>(l  of  tin  wolglii. 


t'ui.  151.-  AjipitTnliif  of  Ulix  iviid  I.ov^n  for  rwrnTdiin  th*;  Hiwtirity  ntrvcirf  ft  tnuaclp. 

and  in  this  way  the  loud  uvlinK  on  the  muscle  t^  chaiiKOil  in  pntportion  lo  the 
eicursion  of  the  writtnp  Burfare.  Curves  ohlHlned  with  the  appamtoH  rcprcRpnt 
the  exren«il)ilify  oiid  elat-ficity  of  the  miuetc  with  a  uniformly  incroaRinp  and 
nnifurnil^*  diminishing  load. 
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Such  A  curve  U  given  in  Fig.  152.  We  see  that  iho  increaM  iti  leiigth 
of  the  iiiu.'icle  with  a  !oa<l  inrnMwinjr  flt  n  uiiifonu  rate  is  \v*s,  llie  groatiT 
the  absolute  load — i.  e.,  tJie  cxiollicifiit  of  ulaslirity  becomes  prealer  an  the  icn- 
sioti  of  the  muscle  increa^?*.  More-over,  it  appears  from  the  figure  that  the 
etutieity  rune  ruof^  \n-'\nv.  tlie  exlen^lon  eiirve.  a  eireiimstan<'<'  not  due  to 
after  extension.  'I'lie  chisti.Tty.  it  will  Ik;  uhiien'ed,  h  very  eomplete,  since  the 
ninsrle  when  it  is  released  resumes  its  original  length.  Permanent  lengthen- 
ing a)>))eart4  to  a  noticeable  extent  only  when  the  mUiaele  substance  is  torn 
by  too  grt^at  an  extension. 

B.   CHEMISTRY  OF  MUSCLE 

Tlip  Tftetion  of  fresh,  renlln^  inuewlc  was  for  ■  long  linic  recankHl  as 
at'ttl.  Hill.  t>ii  Biiirt-Rf-ymoiid  |iotnro<l  nut  that  the  roactinn  of  the  fli-^h  of 
(lifTeKiit  mnmniuU  is  mure  or  h-wt  Hikiiliiic.  P'lirthcr  invrtitiKatioii  Imn  nhowti 
ihnt  there  is  no  iuk-  n-iiction  for  rptitinff  muscle,  but  rather  two:  alkaline  to 
Inrminiii  luid  iieulrai  or  faiurlv 


ilkniii 


Tht 


to  eurcuma, 
aqueoua  extraet  tif  rruen- 
atriated  mu^^lr  n-Act.i  in  thr 
(wuie  wny.  Accorditiir  to  Itiih- 
niaiiii,  Ihc  m-iil  n-«<'t>on  uf  thi" 
water  cxtrnct  to  curcuma  i^" 
cwK-iilinlly  due  to  iMtdJutii 
m(iii(i|ihot|vlitiii'.  mill  the  iilku- 
liiie  rraetion  to  lacmoid  to  the 
acid  carbonate  of  wdium,  to 
the  diphosphate  of  nodiuro  and 
lo  alkaline  eumpuuuds  of  the 
protcids. 


Fia.  192. — F.Kt«iiriMi  nud  plB«iirily  rtin'n*  <>r  t)ip  frti^'H 
jCMrtmrnrmiiM.  tJter  Ncntnilrr.  Ttiw  irM-it'K  mm 
otiikltuNi  titili  lh«  KpiHtraiua  dtnwn  in  KifC  lAI. 
The  opp«-r  line  rriirtvmlA  tlir  rar\-r  n(  cxlFfiaun  and 
Um  lower  liu«  Uie  curvn  g(  WiwHk  »>iun<uiitiA. 


Among  the  proleiil*  which 
malie  up  Ihe  inniluble  stroma 

of  muscle,  there  are  two  iKxliei*.  one  n  globulin  [m^oitin,  v,  Kitrth ;  panmyo- 
stitotfu.  (5.  N.  Stewarl)  nod  the  otlu-r  h  glolitilin-like  sulwlaticc  Imtingcn, 
V.  Kiirth ;  myitsirnf^/fti)  which  can  In-  e.vtractwl  from  fn.-sh,  libxKl-frw.'  rabbil'a 
niujKrlc  with  normal  siill  wilntion.  In  dead  inuftcle  both  pass  over  cjiontani*- 
ottitly  into  ini^ohihle  nuKliili-aliontt  (myosin  Hbrin  and  niyngiui  fibrin)  but  they 
are  dii'tingui^hinl  by  their  precipitation  rcactiouK  and  the  tem|K'ra(ure  at 
which  they  co«gulflte.  Myosin  ooagidati'*  at  44*-50°  C,  myngen  at  .IS'-liS" 
C.  Of  the  total  (|uantity  of  proteid  which  gocf  into  solution  with  normal 
aalt.  niyosiu  constitutes  about  twenty  per  cent  and  niyogcD  alwut  eighty  per 
cent  (V.  Fiirth). 

Other  II it mKeiintut  eonetituentii  of  muftole  reprMcnt  the  deconipockiiion  prod- 
iicIh  of  iin>teid:  crcatiii  (0.1-<1.4  piT  eent  in  fn-nh  mu"cle),  hypoxitiilbui.  xiiiilhin. 
and  mianin  (0.23.  0.05  and  0.03  per  cent  of  dry  aabstiince  rrBpeclirelj). 
Ilcrr  twlonn  nl4o  the  phrKiphocii nne  acid  (0.1-O.S  per  cent):  inosinic  neid 
(t'»Ii„N,PO,)  from  which  h,vpoxnnlhin  can  be  epiit  off;  canioain  (C,TI„N,0,) 
docely  related  lo  arvinin;  mid  rurniii  (C.H,?f,0,). 

The  nonnitpo«enoiis  oniaoir  ronstiuipnta  are:  inoilt  ( bcaa-hydrow-benaoU 
C.H«(OiI.-f  I1,0).  glycufren.  suyar,  fal,  etc 


I 
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Muscles  ore  their  color  to  a  pecnliar  red  pigment  (myochrome)  whJdi 
is  closely  related  to  hxmc^Iobiii  bat  does  not  agree  with  it  spectroscopicallj 
(K,  A.  H.  Mdraer). 


g  3.    STDfULATIOlf  OF  MUSCLES  AHD   OF  KERVES 

A.   THE  MUSCLE  CURVE 

1.  Method. — A  muscular  contraction  can  be  recorded  in  several  ways  whidi 
differ  in  principle  but  which  finally  reduce  to  two  f^i^ups,  according  as  the  sfaort- 
ening  induced  by  the  stimulus  is  allowed  to  take  place  or  not.    In  the  latter  case 


Af 


"^nnnsic^i 


Fin.  lA-l.—ApparBtUH  of  Firk  for  rccordinK  variations  in  the  leiiKth  and  in  (he  tension  of  a  muscle 
artificially  Htimulated.  By  unhooking  the  tension  recorder  the  lever,  HH,  is  allowed  to  move 
(reely  up  and  down  like  an  ordinary  muscle  lever.     For  further  explanation,  see  text. 

the  tension  of  the  muacle  inercasea  as  a  result  of  the  excitation,  but  its  length 
remainH  constant.  For  this  reason  such  contractions  arc-  calicd  isometric  con- 
trnctionfi,  and  the  variations  of  tension  are  recorded  after  Fick's  method  as 
follows  (Fig.  153).  The  muscle  (M)  is  attached  to  a  strong  steel  spring  (f) 
which  bears  a  long  writing  point  (/i)  for  magnifying  and  recording  its  move- 
ments. When  the  muscle  is  stimulated,  it  attempts  to  bend  the  spring,  but  since 
the  latter  yields  but  slightly,  the  muscle  cannot  shorten  to  any  appreciable 
extent;  consequently  the  whole  effect  of  the  muscular  activity  is  to  increase  the 
tension. 

In  l!ie  other  method  a  lever  loaded  with  a  weight  is  commonly  used,  and 
the  weight  \H  MO  chosen  thnt  the  effort  of  the  muscle  to  shorten  when  stimulated 
is  effertivc.  The  lever  is  lifted,  therefore,  and  the  resulting  curve  is  a  record 
of  variations  in  the  length  of  the  muscle  during  the  contraction. 


STIMULATION  OP  MUSCLES  AND  OF  NEltVES 

A  londfrd  Ifvor  lifted  in  this  way  «iuffers  a  certain  ncoelerat ion  in  it«  more- 
nient  uiiwiird,  whieli  ii»  ufU'ii  »«  gri-at  that  (rom  a  certain  moment  onward  the 
Ie%-er  niovos  of  its  own  inertia,  nnd  not  lit  the  instaiti-c  of  thf  miixrlo.  It  is 
i-viilt-nt  ihttl  a  musck'  curvt-  nturdi'*!  und(ir  auch  circiimstanws  ran  he  tnistctl 
only  for  infonrmtion  sb  to  the  very  beginning  of  the  cent  rue  ticm.  In  order  to 
[irevent  thii«  "  tlifttw  "  due  to  inertia  a  very  liffht  lever  is  employed,  and  Ih*?  load 
is  appliL-d  as  UL>nr  to  the  uxis  uk  |HMslhli>  (Fik-  )6(>).  while  the  muHtTle  is  attached 
at  a  Krcater  diHlance  therpfrom.  Sinoo  it  is  assumed  that  the  tension  of  the 
muscle  remains  thi;  same  throutchoul,  thin  ftort  nf  a  contraction  in  «!nlle(l  Uotonie. 
An  nctunl  condition  of  iwitoiiy.  however,  is  scarcely  ever  to  Wr  had  (cf.  pafce  43&). 

To  be  able  to  analyze  the  temporal  course  of  the  muscular  contract  ion  ex* 
actly.  one  must  record  it  ou  a  writing  surface  moviiiii  with  sufficient  speed  (300- 
600  ram.  p(.'r  second}. 

2.  The  simph  rontrariion.  The  mnswular  contrdctions  caused  by  the  vari- 
ous stimuli  arc  either  ximplr  or  Humtnuifd.  By  simple  contrartinn,  or  merely 
contraction,  we  meuii  that  uct  of  the  muscle  which  is  dischar^jd  by  a  single 


Flo.   1R4. — Simpln  (^ntmclion  curTf  lit  thr  froK'«  pwlroriii  III.  I  I  i.      il   the  kfl 

wuku  llu!  moveniuit  of  sliiuulaciun.     'Vhv  tnierviU  ImI'ai.-  u  Uu^  .iii.:  ^iid  lLl  ^i-^mi  ■!  wluoh 
th«  contncUnn  ciirv«  1«»vm  lh«  bajM  Jinn  in  tho  Intent  pmod. 

stimulus.  By  sununaled  contractions  we  unilorftaiid  thip  contractions  dis- 
charged by  »  ^teries  of  stitnuli  followitig  each  other  in  rapid  sucOHuion  (cf. 
page  51). 

NA'hrn  a  miviclc  receives  a  (ilimiilu«.  n  meiiAiirahle  time  alwfly*  elapses  bo- 
tneiHi  the  iiu^tant  of  stimulation  and  the  appenrancc  of  a  visible  effeul>  and 
this  time  Is  de»igiiated  as  the  httnt  pt-rwd  (Ilelmholtz,  185(1). 

The  (renenil  procedure  in  mnkin^  exact  determinations  of  this  as  well  as  of 
other  phyaiolojricnl  iroriods  may  be  cxplainr<)  by  the  followinit  method:  On  the 
lower  edfte  of  the  drum  of  a  lymoKraph  a  mctBllie  pegf  is  securely  fastened,  so 
thai  when  the  dnini  ii*  revolviiiK  thitt  pefc  can  break  an  electric  contact.  The 
contact  forma  a  part  of  the  primary-  current  to  an  induction  cfjiL  If  now  the 
sccondar>-  curpciii  l)e  C(iiive.\-ed  to  the  muscle,  and  the  dnim  be  M!t  ifoitifr  so  that 
the  muscle  lever  makest  n  tracing,  it  is  clear  that  the  instant  the  pe^  opens  (or 
cl(Me!i)  the  priinnry  curwmt  the  rnuwle  will  receive  a  Bht>ck.  But  it  is  equally 
clear  that,  owine  to  the  latent  period,  the  instant  the  resullinR  contraction  hejcin* 
will  not  be  the  instant  of  stimulation.  To  find  on  the  tnicinR  the  in«tant  when 
the  muscle  receives  the  shock,  let  the  dram  be  moved  re?7  slowly  until  the  peg 
onee  inon-  brpnk»  the  primary  currvnt.  Since  the  drum  i«  now  as  ro«h1  as  siand- 
injT  still  the  resultinir  contmrlion  will  trace  a  vertical  line  (Fir.  154)  which 
marks  the  instant  of  stimulntion.  The  interval  between  this  vertical  line  and 
the  rise  of  the  ttiusrle  curve  above  the  bsae  line  i-i  the  latent  period.  The  i^criod 
can  of  course  be  measured  in  fractions  of  a  second  if  the  vibrations  of  •  tuning 
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fork  be  recorded  while  the  drum  is  Koing  at  the  same  rate  of  speed.  -  Sometinies 
it  is  difficult  to  say  just  when  the  muscle  curve  rises  from  the  base  line.  The 
exact  moment  can  be  determined  if  the  experiment  be  so  devised  that  the  mus- 
cular contraction,  the  instant  it  b^ns,  opens  the  current  to  an  electric  signal. 

The  length  of  Ike  latent  period,  which  has  generally  been  determined  on 
the  frop's  muscle,  depends  upon  various  circumstances.  With  a  maximal 
break  induction  shock  and  at  ordinary  room  temperature  (IT'-IO"  C),  the 
mean  length  i»  about  0.004  second;  at  a  higher  temperature  it  is  shorter,  at 
a  lower  temperature  longer.  The  latent  period  increases  also  as  the  height 
of  the  contraction  decreases.  On  .the  other  hand,  under  circumstances  other- 
wise the  same,  it  is  influenced  very  little  by  the  load  or  by  the  tension  of  the 
muscle  (i.  e.,  up  to  a  certain  limit). 

If  a  muscle  prepared  for  stimulation  be  placed  in  a  horizontal  position 
and  a  lever  Vk?  attached  to  each  of  its  two  ends  in  such  a  way  that  any  increase 
in  the  thicknetts  of  the  muscle  at  either  end  will  Itc  recorded,  and  if  the  muscle 
Im!  now  stimulated  at  one  end,  it  is  found  that  the  response  spreads  from  the 
point  of  Blimulation  throughout  the  muscle  at  a  measurable  rate  of  speed 
(Aixjy).  This  rate  of  propagation,  which  according  to  Engelmann  is  inde- 
pendent of  the  strength  of  the  stimulus,  amounts  in  the  frog  muscle  to  3—4  m, 
per  second  (Bemittcin,  Hermann),  or  5-6  m.  (Engelmann),  and  in  human 
muscles  to  10-13  m.  per  second  (Hermann). 

If  in  an  experiment  like  the  one  cited  above  for  the  determination  of  the 
latent  period,  the  two  electrodes  be  placed  on  opposite  ends  of  the  muscle,  the 
excitation  will  start  from  the  negative  electrode  (cf.  page  59),  and  will  spread 
from  there  throughout  the  muscle.  But  before  the  lever  can  be  raised,  the  exci- 
tation must  have  reached  the  entire  muscle;  whence  it  is  evident  that  the 
mechanical  latent  period  of  the  part  first  excited  must  be  shorter  than  that  indi- 
cated for  the  whole  muscle. 

After  the  latent  period  the  muscle  curve  rises  to  its  maximum  height  and 
then  falls.  .\coordingIy  in  every'  muscular  contraction  we  have  to  distinguish: 
(1)  Inti-nt  period,  {2)  period  of  shortening.  (3)  llic  siinmiit,  and  (4)  the 
pi'riml  of  relaxation.  In  llio  frog's  gaslrocncniius  the  period  of  shortening 
lasts  O.d^-O.OI"  second,  the  period  of  relaxation  somewhat  longer. 

The  course  of  the  simple  contraction  may  be  very  dilTercnt  in  different 
muscU's.  and  in  point  of  time  we  meet  with  all  pos.'sihle  gradations  from  the 
CYtreiiK'ly  short  twitch  of  certain  insects'  miisclos,  lusting  only  0.0033  second. 
to  the  contriiction  of  smooth  muscles  continuing  for  several  seconds. 

Ilanvier  first  directed  attention  to  the  fact  that  the  skeletal  muscles  of  the 
same  imirnnl  which  differ  in  color,  differ  also  in  their  phvsiological  properties. 
Tims  in  siieli  animals  as  the  rabbit,  we  can  easily  distinguish  r<>d  and  whitp 
nniscli's.  Witii  ilie  red  the  latent  period  i.-;  longer,  the  height  of  the  contrac- 
tion is  less — the  descending  limb  of  the  curve  especiallv  being  very  much 
drawn  out ;  but  the  force  and  endurance  nre  greater  than  in  the  white  muscles. 
The  former  nre  therefore  more  capable  of  severe  work,  rtriifzner  showed 
laler  lliat  individual  miiseles  generally  nre  composed  of  red  and  white  sec- 
titiiis,  and  that  llie  mixture  of  the  two  kinds  of  fibers  is  often  very  intimate. 
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B.    RATE  OP  TRAlfSUISSIOH  OF  A  NERVE   HfPOLSE 

It  ie  iieco»«iry  for  llie  sukv  nf  ii  ini>ro  wniiplete  study  of  tlie  L-xcitatioii  of 
nerves  that  wc  discuss  hero  the  rate  of  transmission  of  the  stimulus  within 
them.  The  firj=t  rtwarchec  bearing  oti  this  suhjeet  we  owe  apain  tn  H<'lm- 
holta.  The  prinei|ile  of  hiK  method  is  very  simple.  The  Inic-nt  period,  im 
detoriTiine«l  as  above  described,  but  instead  of  stimnlatin^  the  muscle  directly 
tlic  i<tiiuulue<  is  applied  to  it8  nerve:  ( I )  o-s  nenr  a.s  possible  to  the  luuselc 
and  (S)  a:?  far  os  jrassible  fn^ni  it.  We  find  that  the  latuut  period  h  greater 
in  the  Bccond  caM^  than  in  the  first.  If  the  two  contractions  an'  Iho  Baiiio 
aize  (Fig.  155),  this  ihlTerimce  cjiii  only  tie  due  to  the  ^renti-r  length  of  uervo 


Fla.  1.1R,— (^l^^-^•  illunlTBtinK  llio  iiit-llioil  <•(  ili-ti-fiiuniiiK  tlu'  rii><'  <•(  cuniliirlivity  in  IIlp  arimtir 
Dcrve  uC  a  fros-  A.  mftrkii  th<! point  irfmimulAtion.  Tin- flntcurvc  which l(«vuiili<^lMiM.-lin« 
Hi  H  (n-nlly  a  Itltlti  farther  to  the  nf,}n  llutn  iiirtiniteilt  wiu  aht»intK]  by  ilirorl  atiniulatioa; 
thoneconiil  curv»  id  wannbtiunrri  by  ntimuUliniE  the  ncrt-rma  rlmteaa  poeaibleio  Uicidum;]*; 
tlic  thin!  citrvp  (/>)  by  nliniulnliriK  the  nerve  nn  f«r  Kwny  from  llw*  muwii*  a*  pnaihlii-  Th«i 
lAK(rf  tht  third  rtii^p  behind  th«»rroiidnhoul'lKh'rtltr  t  imp  iMH-RMaryf<»rtltrtiliinuliiii  (a  tnivH 
fmm  ili-^  nr^oiiiil  paint  of  •tiniulaliori  on  the  nerve  to  the  Aral  [v>ttil — iti  Ihin  i-aitc  klunit  .V>  mm. 
Sini-r  nan  complete  vtbrftlJon  of  th«  luninf*  fork  (b<-low)  rr|irrw!nU  tl.tli  nf  a  w>rnibl  miiI 
IhU  is  (utoKiat  exavllt-^  Ihc  lime  from  C  to  D,  (he  nile  of  inuismtnloit  in  ihia  pariiculsr 
CM*  i«  only  about  1 1  meters  per  aecond  |300  x  .DM). 

trftTcrMHl  by  the  Atimnlus  in  the  second  case.  Knowing  the  difference  of 
length  in  millimelerfl  and  the  difference  of  time  in  hundredths  of  a  necond, 
we  can  easily  calculate  the  rale  of  traiipmi«*ton  in  meters  per  second.  In 
the  motor  nerreii  of  the  frog  at  fw>m  temperature  thiit  rate  in  SO-yfi  m.  per 
seennd.  At  lower  feiri|M?rfttureB  it  is  leiw;  lusides,  there  is  a  certain  depentlencc 
upon  the  strength  of  the  t^timulus.  a  stronger  stimulus  increasing  the  rule 
sometimes  very  considerably. 

In  the  invurleliralc*  ihe  rate  in  rery  much  Iowpf  and  appear*  to  be  W*  the 
slower  the  normal  movrmenls  of  the  animal.  In  ii  inti««cl  (Anodonlnl  it  t«  only 
1  em.  iM-r  m:>e<m[|.  in  nn  octopus  S-.l  ni.  per  Bccond.  The  nonmcdullaliil  tibcra 
of  tbc  olfactor;  ticrve  of  a  fish  (pike)  trauamit  a  stimulus  at  30°  C.  at  the  rate 
of  14-24  m.  per  second  (Nicolai). 

By  recording  the  eontractione  of  the  muscles  in  the  hall  of  the  Uiumh  on 
stimulation  of  the  median  ncrrc  at  difTcrcnt  points  the  rate  of  tran^^mission  in 
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human  motor  nenm  lias  bucE  estimated  at  33  m.  per  ficwiml.     Lotrly  much 
hightr  figures,  up  to  UG  m.  per  eecoud,  have  Ijeen  given. 

Thf  8l,iMiul».i  ]ia«rtes  from  the  motor  nerve  lo  iU  miLwIps  through  the 
luuLor  fiid  [htati's.  Ih^rc  a,  delay  itf  expcritmcetl  whieh  with  a  maximal  stimulus 
amount^;  to  nbout  (i.i)[Jit-().U()3  of  a  second  (Benii^toin). 

C.    MECHAKICAL  STIHULATIOH  OF  NERVES 

AH  kiiuk  of  inL'clDinical  tlisturbanves,  provided  they  take  place  with  euifi- 
cicnt  alirupliieds,  bavi?  a  stimulating  effect  on  a  nerve. 

A  UkIH  hammcT  Irt  fall  from  iliffprciil  hiM^ht^i  upon  the  iirrvt-.  n'Sting;  vpnn 
n  flolii]  «ui)|i'iirt,  is  I'omiiiDiily  u>«'d  for  <lf'moiwir«iing  tlic  m<HrhHnir»l  xtimulo- 
tion.  If  the  nerve  he  subjected  to  a  slowly  incrcnHtn^  preanurt  or  t«'iisioii.  its 
pxcilfibilit.v  lit  firsl.  iiicn-iiHt-s,  then  m!«  tlu^  |irf!«>'iirc  cir  tension  lnH'i>me*t  still  (trejitiT 
it  fallrt,  Bejond  a  certain  limit  iiressure  applied  to  a  nerve  eiitirclj"  ulHilishes 
its  power  of  eonduetinK  impuUea  (im?c  pane  411).  Accordinj;  to  Kiihne  and 
txkull,  BtiTnulntion  may  occur  on  rcleasinft  a  nerve  from  presaure. 


D.    ELECTRICAL  STIMULATIOH  OF  MUSCLE  AHD  NERVE 

1.  Method. — The  kinds  of  electrical  stimuli  the  effoclji  of  which  have  been 
fully  studied  are  the  eonstant  and  induction  currt'uU. 

Tn  applyini;  :he  eleclric  current  to  u  ninwele  or  nerve,  or  in  leadinR  off  elec- 
trical curreiil»  generated  by  animal  linsuw  to  a  (fnlvanomctcr,  nonpolarizable 
eleeirodefi  arc  nscd  wherever  it  is  practicable.  Metal  eleetrndcB — e.g.,  «f  plati- 
num— are  not  well  adapted  to  cuch  n  purrKise.  partly  bpeauw  it  in  difficult  lo 
find  two  pici'L-s  of  metal  betwi-eii  which  theno  would  be  no  differences  of  polen- 


Pia.  ISO. — Schnim  of  llw  rhnnroriJ  of  Uii  Bois-Re3nnoDd.     The  ba-ttary  wirm  wiitl  the  Hcctr 

on-  fimnrcliHl  willi  tlie  rin-ocoM  hy  mi-B-iHB  nf  tlip  himlintt  piMtn  O  nnt!  P.  Tlir  rurrrnt 
coming  lo  tl:i'>  hinilinK  pout  P  spllM  Into  two  Ic^wr  ciim-nii,  nnv  iptinK  tlirouK)'  i^u^  rheocord, 
t.lir  nthfr  thrrrtigh  thr  Hrrlrmir'.  Thp  -itrvTiglh  nf  rnrrfiit  whirh  will  piw*  tlinnigh  Ihc 
eI(vtruJ«s  K'ill  (Itrpuiiil  un  tlii-aniuunt  i^f  rmiMlsiK-eiittbcrlieocord.  Tlu»  nwutiuiccisincrNiMHl 
by  rnovinx  ihr  nliilr  2.  Inxn  left  to  rJKlit.  h[m>  by  throwing  into  the  oimiit  atti«r  ooik  nf  irire 
by  iDCtuLH  <]f  liiu  ttiptal  ciMtnoclioru  I,  2,  3,  4,  etc. 

tiat.  and  partly  bcTaUBe  the  mntact  of  sueh  electrodes  with  moisi  animal  tisi^iucf^ 
may  very  easily  set  np  a  difference  of  potential.  Tn  cither  rase  the  nerve  would 
he  s(]bject«l  to  an  extraneous  eurrent  generated  hy  the  electrode^  thenwelvcs, 
which  often  perhapi*  would  make  no  essential  difference  in  the  results  of  the 
experiment,  plncc  sueh  a  current  would  neeefisarily  Ix?  very  weak;  but  in  many 
inveati^ationa^  especially  when  exact  determi nations  of  potential  difTerenees  aria- 
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iiig"  ii)  the  norvi',  inust'lt-,  ctv..  urt-  di?>irvd,  the  polarization,  which  aft«r  a  time 
would  be  prmlm-f'i  hy  the  cxtrorK-oujt  curKol.  would  (rroallj  viliale  ivaultii. 

Thi^  (JihtTnvt-r.v  li>'  Jut<M)  H^^iiauliJ  tiiat  kiiic  in  n  cuiioeutratod  )H>lutiuii  vi 
zinc  Dulphdt*.'  Kivr.-x  im  puhtrixulion  wat  u£  very  ^treat  service  in  the  cleTelopment 
vt  the  methodii  of  gvnerai  uerre'inuiicle  physiolu^.     The  fluid,  however,  maai 


Flo.  157. — Monpatftriuib)i>  cIcetrodM,  nft«r  I'orlrr,  i:*.rh  rir^uode  contittA  aS  m  paraxa  clk]r 
'hoat/'whia-ti  Eiikv  he-  fillii)  witli  fifttur«U<<l  Kilutiuii  uf  Zti  St)),  Oomwoliiio  oilti  <l>i?  InLtrty 
is  niodi'  U>  lliir  linf  liara  pIm-mI  in«iilr  llir  hnot.  A  tiallow  ]iIm^(H>  thr  aurfurr  nf  1.)ir  "tor" 
in  llllfxj  willi  mirniAl  Hnlirir  niiil  lli4>  nrrvi^  U  l«i(l  arruH  itiiwe  (wti  ri«rr%'iiirH  in  mii'ti  k  way 
u  tn  ki^'p  it  iNin  I  initially  moMttrruMl  wiUk  the  anlinr.  Ihv  itilin<  nnvo-niuorlc  prrpATfttion 
«nn  lie  kr|tt  iiMiist  by  cuv«^riti|;  Ixnitfl  uul  aU  with  ogluatap  whioh  liu  in  tlivKroQV«mix>iuid 
tlir  cilgt-  uf  Llii^  {Mm.>lnin  baiie- 


not  CMne  id  contaet  with  ihc  animal  tiHSueti,  for  they  nre  completely  d«3Btroyed 
by  m  concentrated  a  solution.  The  current  therefore  U  ffl|tplicd  to  the  tissueii 
ihroutch  ponm*-(-lay  points  mohled  into  a  suitable  fihape,  and  M>aked  with  O.tl-per- 
cent  Holutioii  kikIiuiii  ehloridv  (PiR.  l''7).  Such  ii  uiutn  is  but  KliKhtlji'  polariz- 
able.  Often  the  clay  tip  is  scaled  into  the  end  of  b  slam  tube  tilled  with  eine- 
sulphate  eolution  into  which  amaliennuitL'i)  zinc  ban  connected  with  the  source 
of  electricity  iin?  dipped.  The' hn«tt-3hflp<Hl  pIectro*lr»  n-pnv'^entwl  in  Fig.  Ifi" 
ihemselTca  ivrvv  at  oiioc  a  the  clay  tip  and  the  containers  fur  the  cine  sulphate. 
When  it  i»  desired  to  Idcaliuf  the  sitimiitn^  or  the  connection  with  the  Kalvanom* 
etera  very  sharply,  the  tinrtue  is  connected  with  the  poroua-clay  tips  of  the  non- 
polariziiltle  electrode?*  by  meann  of  woolen  thrcada  wet  with  0,0  per  cent  NaOI. 

It  in  prefltimed  that  the  fttndent  ia  already  ncfinainled  with  the  principles  of 
the  induction  roil.     If  not.  a  text-bonk  of  phy^iies  "honld  l»e  i>»n«uite»l- 

Siiiei>  the  sln-nirth  of  the  induciinn  current  dejiends  on  the  abruptness  with 
which  the  primarj-  eiirrent  is  chnnired.  it  id  very  important  that  elnsind  and 
openinjr  the  circuit  «hnitld  take  place  with  equal  pn^riaion.  Many  different  kinda 
of  lieya  have  birii  devixed  to  Hupjiiy  this  rc<iuirenu-nt;  one  ia  «howri  in  Fig.  160. 


I 
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Often  it  is  necL>ssai^^  to  have  the  Htimali  follow  one  anotber  vl-o'  rapidly. 
The  ilcrice  tnoat  commonly  omployed  for  ilus  purpoao  ia  Lhut  known  as  the 
Wntmor  Iinnimpr  (Fifi",  Ifift).  Thi-  ourrfnl.  stnrliiip  frnni  th»-  hiitlf-r>'  A',  paHtiea 
tlirfjuxli  the  post  0,  ihe  spritiR  h  provided  wilh  an  armature,  nud  the  s<m*w  /  to 
llic  primary  {fill  r,  mul  frnm  tbfn.-  llimuKii  (iit*  fltftni-iiuiK""**  ''  ''"''It  t"  ihf 
hatt«0'-  If  Iht!  rurn-nt  in  cIoHed  Ht  the  hcitw  f,  b  in  ma^iirLixt>d  and  drawti  the 
armature  of  th«  spring  h  rlown;  in  thia  way  the  purrcnt  \»  broken  at  /,  the  taag- 


Pin.  Iflfl. — Inriurtion  ixiil  <if  l)ii  Rtfia-R^-j-mond,  mll*r  Vorl^r.  The  atrmgt)!  of  llie  inducnl  rui^ 
renta  in  varied  by  atiding  the  aocatidiLry  coil  on  ttu;  liortionlal  born  unii  lUag  by  revalvi&ic  it 
•bout  ita  mx'». 

net  conacqucDtly  in  demaffn^tized,  the  fiprittK  h  in  released  until  it  agaiQ  tonchen 
f,  when  llie  (.-urrent  is  oncv  mvrv  ehuted,  mid  sw  on.  Tine  nuinU-r  uf  intfmipt  itmtt 
per  Rccond  enn  be  ■varied  by  the  posiliDn  of  iho  Bcrew  f.  Th«  make  aud  brcnk 
rshocItH  from  such  an  intermpt^T  are  not.  linwevcr,  nf  cqunl  atrenpth,  In  order 
t^i  pc]uali«<  them  a  »u\e  wire  \»  iiLierted  between  g  and  f  and  the  screw  at  /  in 
ruiwd  iintil  Ihe  linninitT  e«n  no  longer  touch  it.  The  »etvvr  f"  on  the  other 
hand,  t8  raided  so  that  the  i^prinii  in  its  downward  motion  comes  in  coutact 
with  it.  Now  when  the  hnrnmcr  vibratesi  the  primary  eurrftit  Is  never  entirely 
bmken.  but  vnries  between  two  cxtreirio  vahies,  Conaeciuenlly  the  make  anil 
bn-Mk  dliiH-k;*  wn-  wciiki-r  but  (for  reasons  which  wc  cannot  go  into  here)  ihey 
lire  niso  more  nearly  equal  in  HtrenKtb. 

S.  The  Ofnrrfil  J^nw  of  Elfrtr'ira!  SllmuJfifion. — All  the  effects  of  an  elec- 
tric ptirrcnt  ujion  the  medium  through  which  it  flows  depend  upon  (he  strength 
and  (lie  density  of  the  current.  With  the  same  eonductor  the  denaily  of  course 
is  directly  proportional  to  the  HtniiiKth. 

In  ]H4.'3  ])u  Hois-lteyiiiuud.  on  the  htnit  of  his  discovories  ccneemtng  (he 
ejeetrical  stimulalion  of  motor  norvos.  laid  down  the  following  peneral  law; 
The  eieelric  (-iirrt-nt  does  not  stimulate  hy  mean.-*  of  its  absolute  density,  but 
by  means  of  the  alterations  which  it  undergoes  from  one  moment  (o  another; 
Iwni-e  the  impetim  toward  a  movement  which  rcHultii  frnni  (heM'  alterfltmns 
JR  greater  tlie  more  rapidly  they  occur,  or  the  more  extensive  the  alteration 
in  a  unit  nf  tfnic.  The  contraction  of  a  muscle  produced  by  an  increasiuK 
density  of  the  current  was  called  the  "dosing  contraction"  that  produced  by 
decrcaiiing  density,  the  "opening  rontradion." 

This  law  wuti  supported  by  sueh  facts  av  the  followinir:  a  current  paHflin^ 
throuKh  a  nerve  may,  if  incrcufted  very  Kruduall.v,  reach  u  high  density  without 
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proilucinK  ftn.v  cmilrnLMioii;  wbt:rfas  u  mut-li  ivwikiT  i-urrc'iit  cUirtt'd  )iml<lciil.v  pro- 
(liifi>R  n  maxitniil  pffect.  And  mnvcrsrly,  a  Mroiigpr  ciirroni  if  roduivcl  very 
Kradua]].v.  inny  )x-  br<:>ii|{lu  ilowii  to  nil  withrmt  enuring  an  oxfritnliuii ;  wIic-ku 
tliv  siiddtrti  ii|)ei]iitK  *^f  a  much  weaker  currt-iit  U  acn>ini>uiiifil  |i,v  a  almng 
coutructiott. 

Hul  iiiidiT  ci^rtniii  circiirn9lan(M»  ■  constnnt  current  fliiwinfr  lhroii{rh  a  motor 
nfrrvtr  may  stimiilntp  not  only  «t  thf  inomrni  r.f  plosinfr,  but  duritifr  the  eurirf 
[>eri<M)  i)f  floKure.  Tlii«  linfiix-ii"  for  i*xiiin[ilf  with  fri>K'«  nirvea  wh«-«  llio  latter 
nro  taken  from  frnps  whirh  haw  been  kepi  for  a  Icuift  titiif  nt  a  t^-rniK-nitiin' 
below  10"  C.  (v.  Fre.v);  also  with  tht;  iiervws  of  wami-blcHKlv-d  nnininlHi  when  Ihe 
riirrunC  is  not  ton  wt^tik.  Again,  if  u  coiiatant  curroiil  hat^  been  llovriiiK  tbruUKb 
n  iion'L'  for  n  sufficieiil  time,  tui  oiK-iitiiB  thi-  eurrciit  then*  ofu-ri  aii|w'iira  a  pni- 
Inrifced  rontrKctiun  iiLrttend  of  »  simple  shnrt  contraetion.  This  continrnvl  Mate 
(.if  eoiilraetion  in  oftt-n  Bpoken  nf  a«  *'  HiUtr's  (rfnntw,"  OfU'ri  hI«i  *i\i-r  ihe 
■umiiiil  iif  Ibe  obwinfT  eoiitrn«linn  h««  been  pnnwd,  n  cnwi9-*!itriate«l  mu»o|p  cbntt 
not  r«^>ver  ii«  auCurol  k-iiglii  immediately,  but  remairiB  nuin?  ur  le*)'  slmrleiied 
("  W'unitVit  lelantig").  nnd  'inly  returns  tn  it.-*  rei^tinu  pfiiidiiitui  when  llie  eur- 
tent  is  broken — 1.  c,  in  ra»e  no  o|>en)n);  eonlraetinii  m-cunt.  If  the  ittinmlus  !» 
very  weak,  tLe  euuBlaut  txcitution  is  only  a  Ii>c«l  nne,  dpreadiiiB  over  a  limited 
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Fw.  ISP. — IV««ll»  <"f  llii-  Wimnrr  Jinmmfr  or  iotpttiiptrt  nl  lh«>  Indurlinn  rvi).  e,  pntnuy 
ouil:  I,  >v<nniliir>' ■^'u'-  H^  |iritn&r.v  rurrr-ni  in  ftnimitn)  In  Ihi-  Itniicrv  A'  «i»l  itit^  nrronilAry 
Qt  [itduc«<d  curmilM  tm  bol  all  by  i4«otnxJ««  ai(a(i)ii.«l  U*  Um  mils  of  l)w  sKoandary  eoU. 

pnrtiiiii  of  the  nuinele.  FinaUr.  when  a  enn^taiit  currmit  Ik  appliod  to  an  afferent 
nerve,  a  di»linet  wnaolion  \h  feJt  dnritig  the  entire  p4>riod  of  cbMure.  even  whiMi 
the  peripheral  end  orgntu  are  exeludod  ((jrittziier,  Lnngendorff,  Biedermann). 

Wc  find  therefore  so  many  uceptions  to  Du  noii»-Rcvniond'i  taw.  that  in 
iU  oTigina]  form  it  ean  no  lonjier  Ik*  rc^imb'd  ns  nf  p-iHTTftl  appltealion, 
although,  so  fnr  nii  rnii^'le  iilone  ]»  ooiieerncfl.  the  exeilatiiui  nf  larjje  mamet 
•ppean  lo  de[)emJ  upon  xtiddcn  chnnRW  nl  the  place  of  direr;1  flinnilntron. 
Moreover,  the  law-  must  take  into  account  lite  nature,  of  lAe  irrUable  lix»ue: 
20 
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the  more  irriUble  it  U,  the  more  do  the  risible  phenomma  of  continnona 
czcitAtion  reniain  in  the  backgrnund,  vbereas  the  effects  of  variation  in  the 
currv^nt  \>M:ttme  the  more  apparent   ( Biedennann ) . 

For  all  irritable  tiB>meB  there  is  a  minimum  duration  of  the  electric  cur- 
rent necewfary  to  gi\e  a  Htimulus.  Other  things  being  equal,  the  more  this 
time  in  Hbortened,  the  less  becomes  the  etimulating  effect  until  finally  it  fails 
altogether,  Tbe  length  of  time  necessary  to  produce  the  maximal  effect  de- 
pends primarily  on  the  strength  of  the  cOrrent.  The  greater  the  strength 
the  Hhorter  the  time  may  be.  A  constant  current  of  medium  strength  re- 
quirex  0.01  G  second  to  produce  its  maximal  effect  on  motor  nerves  (J.  Konig) ; 


Ftci.  lOO. — A  Oflnvenient  air&ngement  of  the  appamtiu  for  sending  induction  shocks  through 
a  miwcld  ifi  Hhown  in  tliiH  P'ifturc.  BC,  the  battery  cell;  K,  key  for  closing  and  opening  tbe 
priinnry  curn-nt.  Wll<^n  Uic  wircii  are  connected  with  biiittiiig  poats  1  and  2  of  the  inductioD 
coil,  Hirigli'  make  aiit)  break  sharks  are  obtained  from  the  wcoiulary  coll  and  are  conveyed 
by  Un>  win*  donnecttnl  therewith  to  the  muscle.  When  tlic  wires  arc  connected  with  binding 
IMwitfi  I  and  3  of  tlie  induction  coil  the  automatic  inlerniptrr  is  brouglit  into  play  and  a  aeriea 
(if  rajiidly  n>]M>at(tl  (tetanic)  shocks  is  obtainetl.  By  means  of  hand  c/fcfrwfM  connected  with 
the  Hi-coiidary  end  of  the  induction  coil,  etimuli  may  be  applied  in  various  other  wa>'8. 

no  coiitrnctionn  are  01)111101^1  if  the  time  bo  reduciid  below  0.002  second.  In- 
duction wliocks  arc  still  chorler  than  this;  novortlioloss,  because  of  their  high 
tension  tliuy  are  the  mo.'*t  effective  stimuli  for  the  nerves. 


Su  far  we  biivc  coiiHidprcd  only  tbe  effects  of  currents  suddenly  turned  on 
in  their  full  stn'iiKtb.  It  is  possiltlc  nlso  by  nicauR  of  special  apparatus  to  arranf^ 
the  experiment  hi>  that  stnrtiii^  from  nil  the  current  will  increase  gradually 
Rod  only  n-acli  its  iiiaxiniuni  after  a  certain  measured  time.  When  this  meas- 
iin'd  time  d<K>s  nut  cxctn-^l  T^sth  of  a  second  the  effect  is  the  same  as  that  of  a 
current  of  e»|uiil  intensity  suddenly  oj^'iied  iii  full  force.  Wben  it  is  more  than 
^rtb  of  a  second  the  effect  varien  with  the  intensity  of  the  current,  beinjf  for 
II  weak  eiirreiil  less  ctTivtivc  than  the  sudden  opeTiinp,  and  with  a  stronp:  current 
nion>  elTcclive   ((lildenicister).     Hut  the  most  characteristic  thiuf;  about    these 
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"time  stimuli,"  a»  they  am-  cftllcd,  U  tbnl  the  contraclioits  wliich  they  induce 
contitiue  for  a  noticeably  Inng^ir  timt;,  miiJ  the  i«t«-b  ami  muscles  can  there- 
fure  Ih-  l.liri>wn  b,v  tlifin  iulu  u  stale  uf  vxeitaliou  which  la»U  hniufT.  than  in  the 
caac  with  ttie  sudden  stiiuuli.  This  petruliartly,  ba  wc  shall  si-e  later,  i.i  nf  great 
importance  for  tbo  theurctical  vxptauatiuu  of  voluntary  muscular  eoiitractioa. 

The  nature  of  tlic  irritnhlo  tisi^uc  again  has  much  to  do  with  the  length 
of  time  i*emiir«Nl  to  siiinutaie  it:  thi.>  inure  slowly  it  reacU,  the  longer  tuuet 
the  atimulus  act  to  produce  a  visible  effect. 

A  sing1(>  induction  ahock,  which  ia  so  effective  for  (lie  neiro.  is  but  slightly 
effective  for  smo«)th  mii^-teA.  In  certain  Hlafceii  of  degeneration  the  aketctal 
mujtctc!!  exhibit  a  very  luiu-li  reduced  or  even  almiUile  lack  of  aciiititivity  toward 
inductinn  currents,  whereas  their  excitability  to  constant  currenta  rcmnins  uiiim- 
pBired  or  may  t-vcn  be  inen-ascd  (Krb).  With  tbo  rapidly  contractiim  froir'a 
muHcIcH,  ntimulntinn  of  the  iicrTe  by  llic  hn-nk-indtictimi  shock  is  much  stroiiptr 
than  by  the  make-induction  fth'iek,  l)ccfluf>e  the  former  in  a  more  nudden  atimulua. 
Nerve-mUHcle  preparations  of  the  turtle,  which  are  much  more  Hluggiitb  in  their 
action,  bvbaro  iu  exactly  the  reverwj  manner. 

3.  Lau?  of  Contraction. — The  sdlmulalinfi  effect  nf  the  onnMant  currein 
(lc|H!ndit  not  only  upon  the  streugtli  but  also  tipim  the  direction  of  the  cur- 
rent in  the  nerre.  If  ihfl  current  in  weak  it  generally  produces  a  contraction 
only  when  it  w  closed,  no  difference  in  which  direction  it  is  flowing.  If  the 
current  in  increased  in  slrcnpth  (meitium  rtirrrni),  cimlraclions  occur  also 
when  it  is  ojjeuwl.  whether  the  current  is  flowing  towani  the  mu*cle  (rfr- 
tcfndlng)  or  away  from  it  (asctnding) ,  although  o(»eQing  contract  ions  do 
not  always  appear  vith  the  same  strength  uf  curnmt  in  the  two  caaca.  In- 
cieaffing  the  strength  flill  more  {strong  mrreni)  we  find  thai  with  the 
amending  current  the  closing  contraction  gradually  become)*  smaller  until  it 
finally  ilifappearfl.  wliile  the  ojH'ning  contraction  ctirilinues  at  itn  tnaximum. 
With  the  descending  current  we  find  the  reverse  condition:  the  closing  con- 
traction  romaina  at  ita  maximum  however  strong  the  current  be  made,  but 
the  opening  conlraction  Wconies  smaller  and  smaller  as  the  strength  inercaaej, 
and  rot  infrequently  il  diM»p|»oar>i.  However,  the  strength  at  which  the  cloa- 
iiig  contraction  disappears,  when  th«  current  i«  ascending,  is  not  always  the 
eame.  And  Bometim««  when  the  current  is  descending  the  opening  contrac- 
tion does  not  disappear  at  all  hut  persists  at  a  rertain  minimal  size. 

These  gencrnlizations  may  bo  summarized  in  the  following  formula,  known 
as  PfiUgcr'a  law  of  contraction; 
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It  vin  be  mtdentnoi  thai  the  tcnw  wtak^  mfiJimm,  mi  sArwif  u  A|ipUed 


lo  tlv 


afaeofaite  Taloes  of  the 


cmmaU  in  thu  diiroijinn  do  not  deeigaaif  aaj 

cwnot,  MBOB  vint  ii  OMdiain  cumni  for  ooe  oeiTfrvvcle  prvparatioa  tnaj 

br  ttraog  Isr  laedier.    Thv  term*  «re  porelT  reUtifv  to  any  prm  prvpftTatioa. 

Dm  ponliar  htitaTior  n{  b  iHTTe-Dia^rle  pirparation  to  mrrmta  of  4if- 

rtrcnjrlfa.  vbirli  fiad^t  «xpre«>ian  is  the  Uw  of  contrartioa.  depends 

•OOtbtrr  U«  cnoociatnl  br  PdoiRT.  namclr.  that  a  cooitant  cnrrent  has 


FlO  IQI- — CvlclactnjfaMua.  Ttic  tr*ciiift  ■■  lu  bt-  i^ad  ftum  right  to  Ml.  TW  nn'vv  «nMi  fimt 
■tilBill»1iTl  in  llic  DriebborbaoU  of  Ibr  «mth»>hT  n<  I  he  pnUruinj;  cwntil  irhb  rtMWUli  loti  w<:«k 
to  imalHW  vny  I'JTrrI  *!iila>  llir  |i(il»iiiii^  rurmil  wka  txil  runnin|L       Tbr  |nl*riBaK  frurtrivtl 

v**tli«niunw^l<M>.  Mxl.  witluiuirluuiciacilirrtCTticUiutf  Uacstinmli,  ibry  brrsmvcSccicv*. 
Wh«i  tbv  pul*n£ing  nmrtit  «ws  i^puii  lumnl  oil,  the  •timuli  ««iv  I^PUD  MthoiiniinaL 


rm  Mliniulnliiijf  action  on  the  Dcrrc  between  the  poles  but  acts  ooIt  at  the 
fiole».  On  cloitintj  ike  current  the  glimutus  starts  from  the  aitkode,  on  opening 
from  the  amtdc 

TIiU  potnr  tair  of  axrHation  may  be  illuflirnteft  by  the  follnwinit  exiH-rimrnta] 
facta.  If  it)  Htimulntiti^  M'itb  \\w  cui).atanl  nirrcnt  the  rlrctrodos  be  applied  to 
llw  iwmf*'  im  i»t  niwrt  im  ixuu.ibli',  itml  tbr  InU-nt  iH-riml  nf  tlu"  closiiiig  cuntrac- 
tiotM  be  duti-miiiinl  both  fur  tb«.*  aK-encJing  and  dmct-udiiif  curn<ut«.  we  fiud 
this  ficriod  lo  be  bdiirrr  fur  the  fonner  than  fur  the  hitu-r  (v.  Ilezoltl).  With 
tbt'  dfw^nidintr  furrviit  tht-  calJjudc  ie  ucan-r  ibc  niiiscli-  ihaii  with  the  ascvnd- 
inir  riirn-iil;  Iwiic*  the  Ktifnulun  hat*  a  »h<irter  diHtaiK-o  lo  travel  to  reach  the 
mtiwlc  with  thr  former  than  with  the  lattrr.  In  a  similar  way  it  can  be  shown 
thut  lh«-  HtitiiuIiiH  *>(arrt>  fr>>iii  Xhc  niUHle  when  the  eurrr-iit  i^  hrokr-ii. 

Thf  law  »f  ronfrarliiin  may  In-  iMuf'IrMtcii  hy  pjirrjitift  thi'  «"xj<eriincnt  far- 
ther. Thu«  if  fmra  the  detrnninatinnB  uf  the  laleut  period  just  mentioned 
the  rale  of  I rannmiMHton  uf  the  ^timulue  be  caloulated.  it  will  be  found  eoiiaidor- 
ably  lowrr  than  wlien  it  is  rleterminn)  on  the  luiine  nerve,  by  (he  method  (de- 
M-ribed  OH  paiUT!  417)  of  stimulntiiifT  «'  two  points  with  the  induction  eur- 
rrnt.  Th«-  reason  h  that  with  rhe  atM^ndiuK  (^urrenl  the  stjmuliu  on  it«  way 
lo  the  munele  Ihim  exiieriviKt-d  fome  rtwinlance  at  llie  Hiuxle.  Thif*  rettiKtattco 
varira  coitniderabl.v  in  iiiiioiini  aecordinjr  to  the  strenjdb  of  the  HtimulutJnir  cur- 
ri'til.  WJwii  |>M'  ciirrr-nt  h  veuk  or  of  medium  Btrennlh  the  stimulnti  at  ihc 
onlhiwle  on  i-lotiriK  the  eurrent  is  xtmnfT  enouch  to  urereome  the  resiHlanco  at 
lite  niiodc.  lUii  wh<-n  the  current  is  nlninK  ihp  resistanee  at  the  anode  i»  too 
gn-at  lo  Ijo  oven-onie  hy  the  Htimiilu;*  at  tho  eath^ide.  and  it  conautines  therefore 
a  emnplete  hlrwk.  U  ean  be  xbown  ahn  Ihnf  when  Ihe  eathode  intervenes  bctwe<;a 
the  anode  and  the  miiHcle,  il  cruatos  a  resiotaucc  to  the  auudic  stimuluii. 

The  polar  law  of  eAeilutioti  w««  dedu(vd  by  Pfltijrer  mainly  on  the  protird 
of  tlie  uUcraliomt  in  Mcilabiiily  produeed  in  llie  nerve  by  a  constant  curriMit. 


While  tilt'  current  is  ilowing  Ihe  ciritabiHty  is  inrmited  mi  lintli  sides  of  the 
cuthodt-:  oil  Imth  i^ides  of  the  niioile  it  \6  decreated.  Thi'.M>  altemtioui^  ajipcar 
itniiuilittlilv  (witliiii  u.()(Hl()7  wt-niiil  at  lll(^^l )  nfter  elo'inj,'  llie  eurruiil.  In 
lilt;  inlru|n)liir  region  '.iH-ro  i^  foiiud  an  iiniittereiit  point  where  tin?  excitn- 
bil'My  iif  the  nun'e  is  luit  dianged :  nnd  aH  tlic  etiiihtniit  eiirrcnt  increaiira  in 
^l^eIl)fth  Ihi^  point  movcji  lowanl  llu?  enlhoile.  Al  Ihe  same  time  the  extra- 
pnljir  nitiTntioTH  of  excilahililv  ^jireiul  nver  jrrealer  lenclli*  of  the  nerve, 

l.ikewiw  ilurrng  the  iiri^t  few  mniiu'nt*  after  the  eiirrent  in  npemni  altera- 
tions  in  the  excilabilitj-  appear,  but  lliev  are  jiwt  the  revenue  of  (hnse  which 
occur  while  (he  eurrcnl  is  closed — i.  e,,  reduced  at  ilie  eathode  and  inercasal 
si  the  anode. 

These  filtei"»itinn8  mny  ho  studied  in  the  fitllowiiijr  manner.  A  nerve  is 
stimulated  rhythmif-ally,  sn.v  nnee  n  scc'oinl,  with  n  current  of  constant  8lr*?nglh. 
«nd  the  rr^iiltiiiK  rnnlrjiuliimei  anr  rv-c'iriktl  in  tliL'  uviml  TTiiiiiner.  Tf  noxv  whilo 
tliu  ntiuulation  is  (fniMR  on  at  the  remdnr  rhvlhin.  ii  eonslunt  current  be  k-d  inti> 
llie  iierve,  nnd  ihe  xttinuli  fall  in  llie  neitchburhond  nf  llie  eiithoile  of  thii^  eur- 
ri'lil,  the  eonlraetions  al  mire  beenmc  stronper:  if  they  tall  in  the  nei|thborh"od 
of  the  nnnde,  the  ennirnetions  deercnse  in  ftiw  nnd  dii^iiptiear  aliiigeiher  (see 
Figs.  Ifll  and  10:2).  When  the  rtirr«'nt  beinp  led  ihroufih  tlie  ner\'e  in  broken, 
i-<>nlmt-tiiin»  from  ttlinuili  ajiiilied  a(  the  cathude  tM-eoiiic  Mnnller,  thoRC  from 
HtiiTiuU  al  the  anoile  become  Inii^r. 

The  increaife  of  exeitabiliiy  ui  the  eaihode  while  the  current  is  closed  soon 
fails  and  pnw'i'*  nvrr  int«  a  dppressrd  coniiitinn,  whtrh,  an  HiedL-rmann  observea, 
i^  limhably  the  expression  of  a  loeal  fatigue  of  the  nen-e. 

Tbi-  ]>heuonienn  compri'heml'd  intder  Ihc  b\w  of  conlrnotion  may  ihen  he 
escpliiiiK'd  tliruufih  thv  law  of  |ioUir  uxeitatiou  uk  follows:  Weak  currents  Rive  a 
ptoHini;  i<onlrflftion  iH-eaiiRe  vrheii  ibe  eurrent  Is  diMUHl,  the  buddcn  risv  in  irri- 
tability of  the  nerve  at  the  eathoilc  if  frreat  enouizh  to  e^mttlitutc  a  stirntihifl  of 
itself.  The  Rtimnhi.4  in  effective  whether  the  current  he  aAcending  or  deseend- 
iii^^.  for  ill  iho  one  e^r-e  the  i-xtbode  is  Imrnr*]  llie  mu>«le,  and  in  the  other  the 


I'm.  Ifi2, — AnHt-ctmlnnux.  Thf  tmrinf!  to  be  rwtd  fmtn  riitht  to  Wt.  A  mTtnK  of  utimtili  junl 
nirotitf  riKtiieti  lu  priMtiKV  aIikIk  ■■oiilrnrtiona  vn'rr  a|)|tliiil  in  lltr  nn8)itH>rlMM>il  <i|  %hf  aimhIu 
for  thr-  |Hilari>iti|t  rurrriil.  When  thn  pofauiainK  ntiriail  was  lumnl  nn  tbn  iitimul)  tiM^ama 
inHTeftivc.     M'lirn  It  wiu  Mgatn  luntMl  off  ti»  ■timiitl  mpun  Imvabm^  (>ffKti^-(l. 

mislance  at  the  anode,  dul^  to  the  deereafte  in  irritability,  is  not  threat  cnoufch 
to  hhH*k  llu*  HtiiiinUn*.  Tlie  nudtleii  iiirren«e  in  cxciddiilily  iimdiietsl  in  the  nerve 
at  the  mode  when  the  eurivnl  ii*  broken  in  no!  yrl  Htiffieirnl  tn  cutstitute  a 
«timulm«.— Wilb  the  medium  ciirrfttl  the  inen.'aBu  in  exeilabilily  at  the  cathode 
nn  eliisinjt  and  at  the  anode  nn  ofH-nini;  are  Itoih  nndicieni  lo  priHlneo  n  »iimiitiiti, 
and  ill  neither  ease  is  the  opposite  polo  wtronp  rnouich  to  bbx-k  il.  The  tlrnnfi 
rurrrnl  i*  dIslintitiiMhcd  fwrn  ibc  medinin  by  the  eireumstane*'  that  while  th^ 
eurn-nl  im  ehwi'd  the  rexi»(ime<>  at  the  anode  if  slroimiT  ihun  the  exeilation  at 
iIm-  i-nthodi-  nnd  rtVr  rer*ii  when  iho  current  is  opeiiiil.  ron»e<|uenlly  wilh  llie 
aHoendinK  eurreni  the  excitalion  started  at  the  enlbudc  cannot  break  ihrouKb 
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the  anrxU',  and  ihc  dosing  contraction  is  wnntinp.  Witli  tin-  dencendint;:  cwr- 
rcut  tho  excitation  started  at  llic  anode  mwl*  with  a  rcsiatanop  at.  the  onthode 
which  may  nr  may  nul  c<iiii|i)t>tcly  hliK'k  il ;  lieuce  the  opening  contraclioii  t>itb<?r 
fails  aItoi;vthE;r  or  19  grtralLi,'  Uiiuinishfil. 

Kxaetly  the  «ainc  laws  holi!  for  Iho  induriion  mrrpnh  as  for  Ihc  canjitant 
current.  They  also  wlinmlute  at  Ihn  uathinlc  a&  they  appear  anil  at  the  saiiK? 
time  pnxlwcc  a  rosistance  nt  tho  anode.  When  they  are  strong  enough,  they 
have  a  stimulating  elTect  alw)  as  they  dl^ppf-ar  anil  iht-n  tlie  stimulus  starts 
Iroiu  the  anudf. 

The  fact  that  the  induction  currents  produce  a  resistance  at  their  anode  is 
denioiisiraleU  b.y  the  foUuwinf;  exiHTinieiit:  a  nerve  la  stimulated  with  ascend' 
iiig  iiitluction  currents  which,  beKiiining  with  very  weak  ehocka,  are  gradually 


Ulft3.— StimulB.Iinti  nt  »  i\vt\c.  hy  a  nTiia  uf  B.i<M.iidinfc  rnftk*-  uid drH.i!iHliii|c  >iri«k-ini)ii«lien 
i|lu>«lu  of  incrcviitg  («tr<-nf:(li.     To  bt-  read  from  tight  to  kft.     Ths  lina  contrw lion  uf  mcli 
pair  wiw  fihininift   In-   tlii'  iiM-c-iiiliti|;  rluniii);  aiiil    lliv    secoad  bjr   Ihiif  ibwceodinK  (i|ienUlK 
nluK^k.      'riii-rr  ur*'  nu  "gnin"  ill  llii^  Ifttlcr  acritvi. 

increased  in  utrenirth  (Fitr.  KW).  The  heitiht  of  the  contractionn  at  first  inereatifs. 
but  after  u  time  decreases,  and  with  n  crrtain  Hln-tiKih  Ihe  muHrle  remainf*  at 
rest  (Fill.  Ifi3;  No«.  11-ls),  If  ihr-  ^trerpih  of  tlir.'  fth.w:'k«  bo  raiftod  «till  fur- 
ther, contractinna  npfcar  ofrnin.  whii'h  nt  first  are  weak  (Nqs.  ID.  20).  hut  grtithi- 
tlly   become  >itronf(er  until    tlie>-    tiMall.v   may   become  suprauinxinial.     With    a 


H 


Bcriea  of  shocks  of  incrcnsiriK  stiviiKth  wo  have  tlwrvfore  a  gap  in  the  resulting 
cnntraoliotw  (Fic-k).  Tliis  in  yiil.v  observed  with  the  nitceiidintr  eurpcnt*.  and 
i«  the  resull  uf  a  block  Bt  the  fLiiocIi-.  Tin-  nbHcnw  of  thr  contraolinns  is  there- 
fore entirely  aiialoKoiu  lu  the  corrpspondinir  phrnomPiiH  for  iho  atrong:  Mwnding 
ponstanl  t'lurn-iil.  The  mntrnctinn*  oomiiiK  aftor  thf  pap  ami  Krnduall.v  incrpaR- 
ine  in  siw  aiv  ikrtwluci-d  n-ttWy  by  the  oxeitution  tnkiiitr  plaw  at  the  disappear* 


Flo.  IM. — HotietuAtlc  KpreeenUliun  uf  ihn  dialrlbutioa  of  ui  e^Kiric  current  in  &  buntkn  arm 
,  «ti  vpplirailion  of  two  dRCtmlm  uvnr  ■  ntffv*,  mltfr  ■!•>  W*ttcvi|le. 

auco  of  the  induction  current,  und  are  to  \tv  reiiartled  for  tlii«  ntason  aa  a  sort 
of  opeuine  coutractioiix.  But  further  diBciu>siou  <>f  thoir  nature  here  vould 
cany  i»  too  far  afield. 

The  jilimulfttinfr  off«rM  and  the  alterattonK  of  excitAhility  prodiidwtl  by 
th(.'  ('Krlrit.'  i-iirr\'iit  follow  ihc  i>nnif  taw(<  in  humiiri  norvi»>  as  in  the  tixsccteil 
frogs  nervcit  (Waller  and  de  Watteville). 

In  expcHinenls  on  livinir  mrn.  the  elTOtmdn  of  course  cannot  be  applied  to 
Ih**  nt-rvt-H  ilicmwivcft.  but  ran  only  bt*  jilacvd  on  the  »kin;  the  nerre  iit  8iiniti- 
lnlr«l  then  only  by  the  ihrcwdn  of  <.-unTTit  which  iK-nctrate  that  far.  It  will  be 
clear  ttl  once  Ihnt  the  d<*naity  of  that  portion  of  the  current  reachiof;  n  par- 
tioulnr  nerve  wilt  be  Kn-nter  (be  neiirer  ibe  nerre  lies  to  the  nurfaco  of  the  akin. 
Consequently  in  usinjt  the  current  for  therapeutic  purpo»*e«  the  elwt rodi-c  are 
applied  to  the  i^kin  ni  iboHC  polntit  where  the  nerre,  which  it  is  desired  to  slimu- 
lale.  can  be  renehcd  most  directly. 

The  effective  anode  is  of  course  the  place  where  the  rnrrent  enters  the  nerve 
itself,  the  effective  eatbode,  the  place  where  it  leaven  the  nerve.  If  both  poles 
wvre  to  be  plai-ed  on  the  skin  over  the  nerve,  as  in  Fiji.  KH,  anodea  and  ealhodea 
wnuM  be  i)ri>sent  at  alinnsi  eTer>'  pfssible  point  alnnfc  the  nerve,  as  indicalvd 
by  ihe  rudiiitiuK  limw.  Evidently  such  an  experiment  wonbl  nut  be  adapted  to 
the  Mudy  of  electrical  effects  on  hnmnn  nervett.  The  monopfilor  metho»l  i«  there- 
fore uaed,  tlie  current  being  conve^-ed  to  and  away  front  the  body  by  electrodes 
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vt  different  size,  a  krcc  unc  (12  X  0  cin.)  applieJ  tu  tbe  breast,  tiiid  a  small  one  I 
C(J.iv-2  cm.  i) ill iiHt.fr)  iipiiJitd  ttvi-r  tlit*  nmUir  puiiit  to  h*:  t»-slc(L  Su)i[tiitie  now 
tht;  Uirgo  tloctrodf  is  the  aiunJc:  the  current  eiilors  tli».*ii  wiih  rt.iaiiiVfl,v  low 
detusily,  8pivaJ»  out  tliriiiiKl>  tlif  bo(l>-  with  utill  le^  dt-iiMity  mitl  KiiuLlj^  Lt>l)ect». 
at  the  cnthodc  with  prcat  density.  Siouo  now  the  effects  of  ti  current  fleftciid 
upiiii  iU  lU'liwilj-,  il  f.illiiwn  ihflt  wilJi  L-iiiTeiit(<  nf  riiiKlcrnlv  «tr4-ii(flh  (Ih-si-  cffcctJ* 
will  iipiienr  mily  lit  llicr  siunllcr  i'k"C'tri'd<r.  SiMiie  of  ihe  iniiiiy  threiidi  of  current 
rt'UchiiiK  tliL'  sniiillcr  cicc-i  null'  from  all  parts  of  the  hmi.v.  will  iireit^tMinly  paisa^ 


rm.  16*. — 8<ihciDalk  rii-n.-iii'iitmu  u£   tlic  (niratin   mlo  ami  cxil  (rotii  n  iicivr  of  »  currn^ 
niiplinl  III  (he  nkin  <ivi-r  the  ucrvp,  iifli-r  Jt*  Watlpvillo. 

throiuili  tlie  nerve  under  \i.  The  effoetiye  cathode  of  the  current  lies  wherr  tbi.-fie 
tlireaiU  ()«!'«  out  fif  ihc  iicrvc.  nml  if.  an  we  liuvu  iissiinit-d,  llie  smnllcr  t-lectrtHle 
is  the  (-iitliode.  other  rliiuir^  iK^iii^  I'n'inl.  the  rurrenl  will  liavo  ila  htpi-hIchI.  [fOKai- 
blc  density  then-.  If  the  ciirmit  is  rtrrerw^  so  rhnt  il  turvf  onTers  llic  hmly  hy  tho 
kiiihIUt  cii'i'trude  (whirli  is  »i|i]l  over  the  iierv*'),  the  plneCK  wh*'rr  the  tlireiiibi  of 
current  leave  th<"  iien-e  eant<lituUz  an  bufurv  the  uffL'etiTc  cihIkhIl';  the  dcusity 
of  the  ourrenl  tinw  however  is  Icsa  than  in  the  firsl  case  (Pig.  165). 

Thf  pnlrtr  Uttr  i>f  excHtifiott  cfijilies  til.so  lo  rini.stlc.  Iitith  wilh  the  cons't-ani 
ami  iniiiiitiiin  curii-nt  (v.  IVzohl.  Kn;;;L']iiiAiin.  Kietieiiiianii ;  rf.  pa^'u   llli). 

We  have  n  very  instnictive  proof  of  this  in  the  "polar  foilorc"  o(  cxeitn- 
tioii  tli>tcowi-eil  by  Hii-HermHiin  niid  KripiOngiiiiu.  If.  for  example,  the  end  nf  r 
irng's  Mnrtorins  inu«=eli'  W  iinrri>li/.r'<I  iiml  the  enlhiMlf  he  H|vptied  to  llii*  Itijured 
plnt'e,  on  elusintr  ihc  ourrcnt  tho  nu)Hi<-li>  reiiniiiiif  at  ri'st.  The  iionnal  inuK'lo 
subsUiiipo  is  not  wtiniulntc-ii  hy  the  closure  of  n  current  us  it  paswH  from  the 
normal  to  the  paralyzed  or  dead  miiwU-  suhntance.  nnd  tho  mere  passape  of  ft 
current  i*  ni>t  Muffieient  to  dii^'liHriie  the  eontrnction  (I^ieke  atut  S^.^TnaooTPski). 
Similar  phenomena  may  be  ehowu  nn  t^iH'niug  uf  the  current  when  the  Htind'e 
is  placed  at  the  iiijurecl  pinee. 


E.    EFFECT   OF   A  RAPID  SERIES   OF   STIMULI 

If  a  nerve  or  a  uiuscIl'  Im?  affected  hy  two  stimuli  in  rapid  sureession.  so 
that  the  action  resnltin^r  frnm  the  first  has  tint  yet  comp  in  nn  end  when  tho 
H*cuiid  hfofuneti  edeelive.  the  ii'laxtition  which  would  otlicrwisc  follow  tho 
first  coiitrflctiryn  is  interrupted  and  the  ofTcct  of  the  necond  stinuiliis  i':*  adtird 
to  the  first;  consequently  the  contraction  of  the  muscle  it»  jn-catfr  than  il 
(Xiinrnonly  would  he  ns  the  result  of  a  fiinple  stiraultis.  It  is  only  when  tho 
load  of  the  inusele  u  very  lipht  that  it  eonlrncts  as  strongly  to  a  single  stimulus 
RB  to  rapidly  repented  slimnli  (v.  Frey). 
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Til  summaled  contraction*  Ihe  nscciKliiiK  limb  of  tlio  eecciitd  «)ntrHi.-tiun  ourve 
is  sttviHT  lliiiii  tlint  of  the  first,  heiicu  the  iiuiniiiit  of  tlic  weniul  nppcmx  I'urlier 
Uiuii  would  bt-  cxiKt'U-iJ  ii  iis  cnurw!  wore  llm  Hunii:  a»  the  iiral  tv.  Krit«).  Th« 
lati'ul  [RTim)  nf  thr  Htipiprimpo^ofl  contrnction  is  also  soid  to  be  very  much 
shorter  than  that  folluwiiifif  tbt>  fii-Ht  ftiimulus  (Fick). 

In  order  thai  «ufc**»ivc  stimuli  ijiuy  |injdu«c  a  )«unimution  they  miwl  nut 
follow  one  Kiiuthcr  tw  raplJly.  The  Rmallest  intprral  jiossihle  for  any  jjiven 
preparation  dE^i>eiid»  ii]>oi)  the  lemvenitum  und  the  Kiri-tiirili  <if  llic  stimuli:  for 
the  nerves  at  iIk-  trtig  at  onlinary  nmrn  trmperutiin^  il  may  Im  estiinateil  at 
abdut  0.001  to  0.lMiri  aoeond.  We  hove  o  rffractnrit  pfriud  ihcn-fnre  iti  nerves 
and  skeletal  touscIck  just  a»  we  have  in  licttrt.  muselc  (cf.  page  183). 

If  more  than  two  h-tiiniili  afTect  tlio  tierve  or  iiiiisele  ai  Hiillieienlly  s)H»rt 
inN^rvflls  the  enntraction  nf  (he  miisele  Ikkhhiiw  ijtill  (;realer.  and  iU  enrvi? 
is  iK!rf«vllv  n'lHiiiiiiMiiis.  showing  in>  •je|mraic  summits  (cf.  Fig.  IGG).  This 
form  of  conlrat-tioii  is  called  tclattw. 

Cwmplete  tetann?"  nppears  nnly  when  the  fitiiiuli  follow  one  ani'lliet  so  rap- 
idly llial  the  iiitepi-ul  Iwlwceii  them  in  h^wi  than  the  time  ttt-enpirri  by  the  Hetive 
sburleiiinK  of  the  miisc-le  when  that  is  maximal.     The  frequeiiey  depend-*  iherp- 


lA     Al  IV         '«l» 


I''i<i.   Itm. — TcUuitw  rune   cif  I  In-  (run'n  Rn-ilnwncniiiui,  nftcr  Hihr 

SCfOtld. 


Twpiity-*evpn  sltniiili  [wr 


fore  priniwrily  iiiwn  the  b«'bnvior  nf  ih"-  muscle  to  single  stimuli;  the  more 
rspidly  n  sinjrle  enntraetinn  run!*  its  coiirw?,  the  more  freriueiitly  riiu«i  the  i^tiniuli 
hv  (fiveii  to  pmchiee  rnmplcle  It'tuniix.  This  in  beiiutifuily  Khciwn  by  the  Udiuvior 
iif  muHf'lej*  itf  warm -blooded  animals  eomposrd  mainly  nf  re<l  nr  whitp  fibers, 
The  red  salens  munele  of  the  rabbit  falls  into  alranet  eomplele  tetanus  with  ten 
Mtimiili  per  jw'eoml,  wliile  llie  while  (}ii.Mtrornfmiti.*  mtdiux  with  the  same  fre- 
queney  cf  xtiniuhttion  KJves  very  cvidenl  Binffle  coiilrju'lion*.  A  fni<nwncy  of 
six  stimuli   pur  fecund    jiei-mittt  the  white  muscle   to  relax  nlmost  eoiniiletely 
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between  contractions,  whcrcoa  it  kcc-p»  the  red  muscle  olmiwt  coutiauoiuly  con- 

trari«l  (ItanviPr,  Kniiiiprker  aiid  Stirling;  ci.  Vig.  Hi'). 

EviT>' thing  which  tc^nds  tfi  make  the  single  contraction*  occupy  more  time 
operates  t»  redui't-  the  fr«i)ueiic,v  of  xtimulntiuu  uvfx»»ary  to  evuke  C4>inplet« 
tetanus.  Thus  fatigued  mutirleR  arc  thrown,  into  tetanus  with  a  lavrer  frequency 
than  unfuiipm-d.  Ik.'«iu»4'  their  cunlruclions  aw  slower. 

Th(?  mnrc  the  frequency  is  rediioed  below  that  which  is  just  siiffipifTit  to. 
produeo  tolaiius.  the  more  Hi!itiiictl,v  do  the  ounlractiot)<i  pfLvJuwd  by  the  itidi- 
vidual    .lUinuli    .-(Hud    du!    ftmii   «ut^   anolhiT,    tiiilil    fiii.ill>    helnw  a   i-i-ftiiin    fn.- 


.1  11 

FiQ.  107. — Ti-iiuiiu  L'Urvea  v(  lltl^  wliitc  (Ivwcr  trutingp)  and  at  thv  trtl  (»p\irr  tniniiiBs)  luusdn 
or  Uir-  robbit.  ftltcr  Kronruki-r  tiiiJ  Stirling.      To  be  rueA  from  rtgtit  to  Ml.     A.  leu  atixav 
per  Mwond.     B,  mx  •UiuuJi  per  mwoiuI. 

quency  there  is  no  fiininn  whatever.  Wp  have  therefore  all  possible  pmdation.s 
between  the  isolated  contraction*  and  comiiletc  tetanus.  This  sugg(«t»  thnt  tcta- 
uue  il»elf,  uolwitlistuiidiiiK  the  cuiitiuucu«  curt'c  by  which  it  is  repiweutvU 
KrniihictiUy,  i:t  retilly  a  distrominuouti  i>rot!cs.is  nnd  eomplcte  iiruof  of  this  ib 
fumiwhi'd  by  the  electrical  variationH  aecoinpaiiying  rftanuH  (page  433), 

How  are  we  to  eonoetve  of  the  iiiix'csttea  goinj^  on  in  the  mu*ele  in  tetonux? 
One  Nignihcnnl  fact  i:<  th;it  hy  artiticinlly  muppurtinur  the  iiinncle,  no  that  it  does 
ni.it  lift  [Im  w-fiftht  until  it  has  eunlracted  ftoine  diHtuitcv,  the  single  coiilincticrDS 
call  be  made  to  reach  the  some  height  o»  tetanus  with  the  same  strength  of  cur- 
rent (V.  Frey).  We  may  say.  therefore,  thnt  in  U'tanua  the  inuttcle  contraota 
tu  itK  iitnitmi,  iH'cauBT  to  a  certain  extent  it  \n  nupporled  nn  itnelf.  In  addition  to 
thi."*  the  irritfibilitjf  of  both  nerve  and  muscle  is  inerenfled  by  a  prc-vious  stimu* 
[Btion- — i.e..  if  the  excitation  is  not  too  strung  or  does  not  continue  t»o  long  h« 
til  iiiv'ijve  much  fatigue,  ilenoe  not  infreijuently  it  happeui*  thtit  sliuiuli.  whielt 
(if  lliuniselvcs  are  ineffeclive,  become  effective  merely  by  being  repeated  wltb 
Bufficient  frequency. 

Tetanus  may  be  lonked  uymn  tliercfnre  aa  n  sort  nf  hrapinfi  up  nf  small  eon- 
tractions  due  to  the  rapidity  of  the  fttimuli  and  tn  increased  irritability. 


F.    VOLOHTARY   CONTRACTIOHS 

If  we  compare  vohmtarv  cflntraclions  on  the  saiiic  drum  with  the  rajiid. 
twilehlikc  nuit'oiilnr  eontrflntinn  proilurcd  by  n  sinjrle  nrlifirial  fltimiiUts.  we 
dieeover  that  Ihe  former  nrr  both  Khtrrr  nnd  Irics  abrupt.  Cornpiirin;:  tlicm 
with  the  contraetions  otjlaint?il  hy  raindlv  reiM?ated  chocks,  we  find  inoiX!  in 
Dommmi.  Ulniiy  other  eircumstanec*  strongly  .'«n])p'>rt  tliiR  rosemhlancc,  tho| 
uioet  importnnt  of  them  being,  thnt  the  voluntary  contraction  as  well  as  the 
contractions  which  apjicar  i-ctiexly  with  strychnine  poi.soning  an?  accooipauicj. 
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just  as  tclanu5  is,  by  action  riirrents  which  signify  a  lUttcontiniioua  pxcitation 
(Lov^ii).  But  it  is  worlliy  of  note  timt  tlic  rhythm  (if  these  notion  mrrunts 
in  viiluntary  cfiritractinnu,  aiid  otlu'M  procliicixl  unttrr  the  inllnenLf  of  lite 
central  nervous  syslcrn,  is  only  uhniit  linlf  as  rapltl  as  tht'  rrtHjuency  of  stimu- 
lation iiettui^ary  Ui  )inH)ii(?u  a  ooinpU-ti!  telanuis.  And  yet  the  voIiintHry  coq> 
tracllMii  as  orJinarily  rworded  is  quite  coiiliuuous.  This  must  bt'  due  to  the 
fact  lliat  tho  ttinglc  impulses  sent  out  to  the  tiiuscia-t  from  the  ccnlnil  organs 
lo  produce  a  volutitary  cimlrat-liou  liu^t  loii^ur  thun  the  onliiinry  iuslaulaneous 
stimuli  (Lordn),  aud  thut  the  neparali?  lvrjtche«  are  therefore  more  readily 
fused.  We  know,  indoffd.  that  a  "  time  Btiinulus  "  (paxe  4«3)  is  longer  drawn 
out  than  a  momentary  stimulus  and  that  it  i«  tliereforc  better  adapted  In 
pniduco  summation  with  a  low  frefjuenoy  of  stimulation. 

The  trcmbliuff  of  the  miMcles  which  accomimiiiei)  a  ittrainnl  effort  to  oter- 

eortie  wmf  Krmt  resistance  or  au  attempt  to  hold  a  muscle  contracted  vohnitarilj' 
to  its  utmost,  are  Rcncrally  nvarded  u>  expresHions  of  ihe  individual  in)|mlM^s 
discbargitl  from  theei-nira)  ncrvouK  ayaiem.  The  reKutatton  of  ihe  innervating 
merhnnisms  would  seem  in  ihf-se  casea  tn  be  disturbed  in  sonte  way  so  as  to 
iitf(H-1  the  fusion  of  \he  si-|iaratc  contrnotioiis.  It  has  been  shown  timt  tht-  num- 
ber of  Aurb  iMi-illaliniiM  iM>r  iteroml  varies  in  man  friim  m-vcii  or  ei|{bl  to  txrt-lve 
or  ihirlii'U  (Lnvi-ii.  v.  Krii-s,  Sfhiifer).  The  KreaU-«t  muscular  efforts  arv  mudet 
it  n]jpcar«,  with  a  frequency  of  ten  Co  twelve  impulses  per  iiecomL 


g  4.    SIGNS  OF   ACTINaTY   IN   MUSCLE   AND   NERVE 

A.    ELECTRICAL  PHEIfOMEITA 

1.  Afiinn  ('urrtnl. — Thi'  neneral  law  of  the  clectrica!  variation  known 
as  lite  action  currenl,  which  make."  iIj»  appeanince  when  nerve  or  niusele  ia 
active,  hm  already  Iteen  j^ven  on  page  48.     In  view  of  ita  great  importance 
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Pia   ISR. — RehMnu  ilhiotraKng  a  rheolone  exiwrimenL 

for  thf  penf-ral  ph^-siolrt^'y  of  muscles  and  nerx'es,  however,  wp  niu«t  diwnsii 
it  here  ^umvwhat  uuitv  in  detail. 

In  order  to  study  time  relations  of  the  action  current,  one  can  use  either 
ihe  eapillary  elivtromcter  wHiim-  cxcurainna  can  be  rvronhil  by  ihi*  pbolo^raphtr 
method,  or  tho   reppatinn   rheoioim-  of  Kcrnstein. 

Sii])iM»ie  wp  havn  an  electrical  variation  of  the  form  represented  in  Fig.  168, 
The  Balvanomclcr  is  too  slow  to  reproduce  tbi»  form  wirreclly.  Bui  if  we 
arranirc  the  cxp<Timent  so  that  a  definite  portion  of  each  variation  of  the  rur- 
renl — e,  fr..  that  included  between  a.  and  h,  in  Fip.  18^ — affects  the  fcalvanometer. 
and  this  is  re|ieatnl  mnn,v  linu^,  fmni  the  i-xi*ur«i(iii  of  the  KalvMnometer  we  ran 
leani  the  extent  of  tlte  cWtrienl  VHrtalion  diirinf;  Ibis  pairtion.  If  now  we  can 
determine  In  the  same  way  the  exeurRion  of  tlie  (lalvanometef  for  the  other 
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portions,  siy  b,  to  r„  c,  to  d„  d,  to  e„  elo.,  of  <<ouisi'  ii  will  be  lujisiitibli-  to  (ibtain 
the  furm  uf  the  entire  variation.  Au  apiinrtituB  wliich  would  cimblc  us  to  mnkfl 
ttucEt  «j<>|t'rEiiiiiatioij!i  must  iktiulI  uf  coiiiiicliuti  wilh  lliu  Kiilvaii(iiii<-l.cr  ut  a 
dt-'tinitu  mDineiit  afltr  llie  biBiriiiiiiK  «.'f  tlii-  varialiuii.  uiid  <>[  brviikinK  tbiti  vau- 
liL-etiiiii  nt  liny  dL-Hircd  ni(itnuiU  diiriiijr  iJh-  variulioii.  Since  tliv  flfctrirnl  varia- 
tiou  itL  musckt*  uiiii  nerves  is  started  by  ihi?  t>xciliiti<>ii,  the  reiiuiieiiuiitu  will  be 
nuM.  if  the  Kalv(inf>mc-t<'r  drctitt  euii  be  c;li»jcd  or  broken  at  any  sitcu  interval 
tfter  iHc  instant  of  stimiilatinit. 

The  rhfotouif.  of  Bertiwleiii  (Fift.  Itifi)  oniisi9ts  of  a  wheel  (r)  revotviiip  ob<»ut 
a  vortical  axis,  and  earryiiiK  on  it»  eireimifcn-nce  Ibnv  metnl  pcRs,  one  of 
vrhieli  (e)  n'lvvn  \]w  stimijllit<  to  tlu-  nri*vc  by  elusiuc  or  i>ppniiiK  (he  primflry 
current  lo  an  iiiiiucrion  mil:  the  nlhcr  twc  peps  insulated  fruiii  ibe  Rnt.  but 
in  electrical  eonneolioii  with  ewi-b  nfb4^r,  serve  to  olni-e  nml  npen  the  (ralvaiioinfter 
eirciiil.  At  im-h  r».'%-i>lutiriri  of  Ibc  wbcil  ihc  pejp*  f,  and  '\  'lip  itil'>  'he  t»ereui:y 
truudchf  (7,  mid  fl,)  respeclively  which  are  cumiwtcd  uiih  the  muscle  on  the  one 

hfind  anil   the  irtdvunimieter  cm 
B,  _  the  other.    The  mercury  troitiilis 

arc  mnvablp  with  respeet  to 
each  other.  »n  ihnr  fhr  dura- 
lion  of  the  ii 111 viirii. meter  our- 
n-nt  C'Mii  !>••  varifd  within  wi»l<' 
liiiiitt;.  If  now  the  wIkh-I  i»  re- 
volved al.  a  (HTtiiiii  siH-<^d.  wilh 
emh  n»v"liitiiiii  the  muscle  will 
receive  n  stimiihiFi  and  ihe  tral- 
vtiiiometer  cireuit  will  ho  eloiWMl 
for  a  eertnin  delinitc  lime  after 
each  Kliniului^.  If  we  have  the 
two  confftctR  sn  urranirei]  that 
the  n-Hlvaiiomelcr  is  conneeled 
with  the  mi]S4-le-  ut  Ibi'  (iain« 
instjint  tliiit  ihe  Mtinnilus  is 
Kiveo.  (be  exeur*ion  of  the 
Ifalvtmometer  will  represent 
the  t\Tv,\  part  of  the  vanalii>n 
evoked  by  ihe  stimnlufl.  Then 
by  ^hiftitif.'  the  eontnet-*.  the  Kiilviinomeler  can  be  eoriiieeted  nl  diffen-iil  inter- 
vuU  fulliiwiiiK  th<-  iiirttnnt  of  ?tinnilnTion  until  the  entire  vnriulton  i»  it^-ordpH. 

1/  II  inin'elo  (nr  the  henrl )  t»r  b  nprvfi  b**  eonncctod  at  (wo  uninjured 
plants  (a  and  6.  Fig.  17<i)  with  a  jialvannmi'ter.  and  it  be  Ihen  «iimnlni<-.l 
jil  -ojne  outside  point  (1-).  ihe  galvationietor  sliows  that  the  ]K»int  a  sitnnteel 
neim-r  (he  jjoint  of  Ktiniiilalion  lii-cnnMS  ehi-lrieally  nesinlive  to  li.  and  tln-p 
Ihe  nirreiil  it  reversinl  and  l>  beer»nns  negnlive  fo  n  (cf.  pagi's  IS  and  IT'.I). 
The  arlitin  rurrenf  (h/reftirr  roiixhlg  of  two  phitKn.  eaeh  of  whieh  j»ivo*  ei- 
pression  to  tlie  j^fneral  law.  that  every  active  point  of  n  musete  or  nerve  is 
eleetrieMlIy  iieyativu  to  everv  restinfr  point  (paL'e  4S).  Wlien  ihe  exeitalion 
8prciid«  from  tho  point  r.  the  nearer  of  the  two  pninlH  nnliirnlly  bm^imrs 
netive'(iist.  while  Ihe  more  diatant  point  (/»)  in  Ktill  n'.«tiiiir;  hence  the 
lirst  phase.  When  the  exeilalion  n-nthes  the  point  h  and  ibi*  pnim  a  first 
^liIllnlntl'd  hoK  ffrnduBlIy  parsed  into  a  reeling  state,  the  second  phase 
appears. 


.^ 


Flo,   lliJ). — Rli«)lotin>  of  Bt-nmidn. 


31UNS  OF  ACTlVl-n-   IN   MUSCLE  AND  NERVE 


433 


The  action  curruDt  doo)  not  rcprestrnt  an  urtilieial  {irndiu-t,  UuX  is  «  priKtsHS 
inlimalei}'  connected  wiili  the  proce**  of  excitalioii.  for  it  i»  (jfihIuclhI  I»y  all 
kinds  of  riliiiiiili :  i(  in  propnpntt'd  ni  the  same  rat*-  of  njK'ed 
tui  tbf  r\fitation  anil  varit*  in  nlnniglh  to  a  cerlain  ex- 
tent with  tJic  i»treugth  of  stimulation. 

1/  th(-  iicrvi-  or  thf  imiwlc  hv  1«]  off  lu  the  uralvsiiomeicr. 
nut  irvm  iwn  poijitj*  on  ihf  lontritudinal  surfaw,  but  from 
ihv  Inti^fitudiual  surfnce  mid  a  (>r«»*9  wptioii,  iht-  «v<iiid 
phast'  of  ihr  ai-tioti  piirmil  no  ]on((<-r  ii|i|K'Mr».  but  the  fur- 
rciit  is  iinw  dirwli'd  frmii  iIk-  lotiKitudiiiul  Burfufo  nver  I*) 
I1h_'  en^LH  st-<'ii.iii,  li  whs  in  ihih  fimn  ihat  ihr  nrtjoii  irur- 
rt'iit  wii»  first  diRiMiviTcd.  Sin«-  it  niris  tii  the  DjiiHwile 
diiTciion  from  ilic  i-iirn-iit  of  real  {st-o  |(api'  4fS)  it  was 
di-sj^iitttfi!  hy  iKi  IliiiM-R'i.'ymond  aa  the  nrgatire  vnriatiott 
of  the  current  of  rest, 

'I'Ik-  action  curnriit  it«  Ihr  iinly  rmicliotial  ehan;^ 
wliich  we  liftVL*  lliutt  far  l«*en  able  tn  observe  in  living 
nerves.  It  ifi  of  pval  iTuporlaiRi;  als/i  for  (he  reason 
tlial  il  l^t■^(llii^  ii."  ti»  determine  the  fici/ure  of  any  wmj.*- 
ctihir  itjutrmlion. 


I 


Flu.  170.  ~  Stliwna 
illlulnliliie  H|in'>(l 
uf  ui  excitnuon 
caUHUg  an  actioa 
currntit. 


Wo  have  already  bccfirnf  Hequniiued  with  un  example  of 
this  in  Btviilyiiifr  the  heart.    The  m-tion  furn'iit  iherc  showed 

Ua  Thai,  uiil\vith.»l»iMliii)f   ili>  Imi^  durnlioii,   tiu>  coiitnietiiJii  of  the  heart  is  in 
rcalit.r  a  pimidi-  lunM-iihir  iwiteh  (ef.  pain*  ITlt). 

There  an:  other  kind:*  uf  foiitniclion.-*,  like  leliiiiua  ai)d  volutitar?'  coiitrac- 
tioilti.  which  as  W(?  have  eren  arc  apparently  eontiliuoua.  but  whirh  the  nrtion 
eurn'rit  prnven  1i>  be  ditroiitLiniouii.  If  by  the  uw  of  the  rheotmite.  8  mtiftcle  be 
Rtimulnleil  ufteii  viiuukIi  t<i  i>i>jduee  eomiilete  U'1»iiU9.  the  cxeurHiMiis  cf  the  Bal- 
vummieter  will  i^how  that  ejieh  tH-')iarnte  t^tiintduu  pruduees  u  siiecisl  iietioii  cur- 
rent iif  I'lrt  DWii' — i.e.,  4i'ery  excitation  eoU!***  a  niohvidnr  ehnnxe  in  ihi?  muMrlc, 
flllhiiii^li  the  ehatitfe  may  not  !«■  sppiircnt  in  the  meehanical  behuvior  of  the 
miiselr. 

Till-  Ill-lion  current  nf  muix'le  bh  well  hs  of  nerve  is  strouft  ononKh  to  hnre 
a  KliinulHtiuK  acli'm  i>f  it.-*  own  (HHtleticet).  If  the  iienre  of  one  musrli.  It,  lie 
laid  aeruiwt  the  belly  of  anoilwT  miisele.  A,  and  llie  pec-ond  mnwle  Iw  then  ."timu- 

hited  through  its  own  nerve,  with 
eaeh  coiilniction  of  A.  R  nl;*"  cnn- 
traets,  and  this  even  in  eaw  A  i» 
Ml  leiiiLi'  that  it  no  lunf(er  ehnnReH 
it.s  form.  TIk'  coiitrHetiuns  nf  H 
airree  minutely  in  number,  streiiRlh 
nnd  «e<|iience  with  ihow  of  A.  If 
A  i»  fctaniEPt).  R  aUn  \h  tetanized. 
Th««e  phenonirna  are  called  str- 
ijndary  contrarlwnit,  M^^indHry  lel- 
anuH,  etc. 

2.      RUrirotonit:      Currents. — 
When    Hii  elivtrie  rurrcnt    in    er>n- 
dueled   ihrminh   n   certtiin    lenclh   "f  a   meduliate'l   nerve   and   another   i>orlinii 
of  the  nerve  outsidu  of  this  Icimlh   is  eoimuetcii  with   the  nalTanometer,  an 


Fta.  171.— IIIualnlinK  lh#   IhMnrjr  of   rlMtmlnnlc 
mrrratA,  alter  llrrmMin. 
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poriinns,  any  &i  to  r,,  f,  tn  d,.  rf,  to  p„  etc..  of  course  it  will  be  pnusibl^  to  obtain 
tW  t'liriTi  ul  lUt;  etitiii--  vuriatiuii.  An  api>artiluh  uliic-lt  wuulti  t^imblu  ud  tu  make 
such  dL-lermiuiitiL>u&  must  i>iTiiiit  tif  vuinici'tiiui  wiili  tlur  ttutvaiiuiueUT  at 
definite  muiueilt  nft^-r  the  brtritmiiif;  nf  tlic  viiriatiiiii,  aii<l  of  brt-ukiii({  tlua  euu- 
neL'liuti  at  uii.v  dwir4L-<l  Eiiinnfut  iIiii-liik  llic  vurialimi.  Siiiit-  the  flL-<;trirHl  VHria> 
tiori  in  muM'Ifa  mid  iR-ncr?  is  iitfirled  b,v  lUc  (■xciiHtifiu.  the  i'Mjiiuriu«'iits  will  In 
nut  if  tln'  fCHlviiiKiiix-liT  (.'ircuit  ciin  be  oIosikI  ot  broken  at  any  given  intc-rrd 
sftLT  the  instant  of  i^timulolioii. 

Tilt*  rhvutvme  of  iJcniKtoin  (Fi^.  169)  euiuials  of  a  whrel  (r)  revolvitig  aboiil 
a  rcrlical  axJH,  and  oiiri^'ing  on  it.s  cmaiiiifercncc  lliret-  im-tiil  jKrdi*,  oiu-  ol 
which  (e)  gives  thi>  «tiiniilui»  to  the  ntTV(>  by  rlosin(f  or  oppiiiiiir  the  primary 
current  lo  an  intliirlion  coil;  the  other  two  |»p^<«  inxlilflteil  from  the  fimi.  but 
in  elcetrical  connculioti  witii  uarh  other.  Kervc  t*>  clow  ami  n]i4n  the  Knlvnnotm-ter 
rjreuit.  A(  eiieli  nviihilion  nf  the  whi'tl  llir  peKs  r,  and  *■,  dip  ititn  th<*  mercury 
troughs  (f/,  luiil  q,)  rt-apcctively  which  are  coniifcteil  with  llif  inuwte  on  the  on*? 

hanH  and  the  ifnlvanoini'tcr  on 


'^^ 


B. 


y 


tin-  other.  The-  inerrury  Hvku^ha 
are  movable  with  rt-speet  To 
ench  other.  *o  that  llw-  dura^ 
tion  of  the  Ralvnnomcter  <mr- 
rrnt  fsii  be  varied  within  witle 
limits.  If  now  the  wheel  is  n?- 
vi'tvid  at  n  eortnin  rijM-ni.  with 
cm-b  n-volnlion  the  idiihcIc  will 
reofive  a  stimulus  ami  the  iral- 
viuioniettT  eireuit  will  be  I'losed 
fora  eertain  deSiiito  time  nftrr 
paeh  stinnilus.  If  Wf  hnvp  the 
two  L-untaetM  ftn  Arrnnice<l  thnt 
the  Ralvannmeter  is,  euniinctrtl 
with  lliL'  inu^clu  at  the  «ainc 
iustani  that  the  tttimuliiit  i* 
tfiven,  the  excursion  rtf  ihp 
gnlvnnnmrter  will  n>|»n«eQt 
the  lirst  part  of  the  variatitm 
evokf'd  l.j-  the  stimulus.  Then 
by  »hiflii)|f  the  eontautit,  the  k"!**'!""""'"'*"'"  '"an  U-  eunneet<*d  at  diffetvnt  tnter- 
rals  following  lh«  inHlant  of  stitnutation  until  the  entire  variatinn   is  nfonlod 

If  a  niii^ele   (or  the  heart)    nr  a  nerve  ho  eonnwlwl  at  two   uninjum) 
placGA  (a  and  b,  FIk-   1'!''))  with  ji  ttalvimnmetor,  ftn*^  it  he  then  ctirniiUttil 
at  soinc  outside  [Miint   (r).  Iho  pilvaiinnieler  .^hows  Ihat  the  jjoint  a  ^iliintti] 
nearer  the  point  nf  slinudnlion  t.i-eonics  electrically  Ji(';i(ilne  In  h,  nnt\  iJien' 
the  {-iirn-nt  is  rcvcr-nl  and  h  hctrinic'S  neprntive  tn  a   (cf.  pnge>   18  ami    1T£>), 
The  actUin  current  therrforp  rouxtxts  nf  (tro  phtrntrs,  earh  of  which  Rivo*  ex- 
pression to  the  pf^neral  law.  thai  every  netive  pnirt  nf  a  musolo  nr  nerrc  is| 
deetrienlly   nc;iiilivc  (n  every   nstin^  pninl    <  piiire    (R).      When   the  i*X(-itilli( 
spreads  from   ihe  point  r.  the  nearor  nf  the  two  pnintd  naturoHv   Ihvqi 
net ive 'first.    wliiU-   (lie  more   clislnnt    point    (ft)    it*  hIiII    n-sling;    1tt>nco    t 
first  plmse.     When  the  exeitntinn   refteheti  Ihe  point  b  and  Ihu  point  a 
Rtininhiti'il    has   |.Tadually   passi'tl    into    a    restitig   state,    the    <iocoitt] 
a]}pean<. 


i 
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D.    MECHANICAL   WORK 

Thi>  anionnt  of  niechaninl  work  dnoe  by  a  Jiiiisctilar  pontniotion  dependa 
primariiv  upuu  tliu  stren^'tli  of  the  stimulus,  hihI  iipmi  tlift  Irwiil. 

1,  fifffct  of  the  Strength  of  Slitnultt». —  If  a  muscle  Iwariug  a  eounstant 
load  Ijk  sliniiilaU'd  with  a  s"""''''''  HiTif^  of  slinclis  lie^rinning  at  a  very  low 
level  and  increasing  slowly,  it  is  fouiiii.  both  with  direct  elcctrieal  stimulation 
of  the  muscle  and  with  mechanical  or  electrical  rtimxilation  of  the  nerve,  that 
the  height  of  the  contrnctions  inrrpni^r^  mnrc  and  more  slfiwly  with  a  uniform 
increfl^e  in  Ihe  strength  nf  tin-  Klimiili,  and  that  it  fiTitilly  appmaflnw  its 
masiimiin  nflcr  the  manner  of  an  a»yiiij)IoEe  { Fitf.  172).  The  maxitiiiim 
shortening  which  can  be  obtained  under  the  most  favorable  circumstances 
with  a  !«inglc  eontrnction  u 
about  twenty  p«?r  cont  of  thn 
natural  length  of  the  muscle. 

Tho  niUHcular  tenainn  ob- 
taiuod  with  a  maximal  rttimiilu^* 
fliililied  to  tbt?  norvR  iii  cmwid^-r- 
ohly  Hninllpr  than  that  uhtnined 
b,v  a  muximal  Htimului*  applied 
direcjly  to  the  muscle  it)>elf 
(Dean).  If  thin  is  (rue  of  x\m 
nuliir&l  Htimuintion  fn>m  the 
cMilrnI  iiervnus  system  aUo.  it 
means  thaf  the  inuwcle-i  aro  b1- 
wa.vM  caiiaWr  of  more  work 
than  can  ever,  under  normal  cir- 
cumatanc««,  be  obtained  from 
tbem. 

8.  Effeet  of  Load  wilh  Con- 
ttiint  StimuttK. — We  shall  con- 
»ider  only  the  ca.ne  of  a  maxi- 
mal stimulus. 


n.iTi'r  will)  tirciik-iiiitucTkin  nliorkit;  Innil  iMJiiitiinl. 
Tilt-  abM-iKKH-  n*|irttn;iit  tliv  Ein-ua^li  uf  lltt  itliiiiuli, 
tlic  ontiiiAlcn  Itii'  ticiglil  of  Itic  LT>riir»c<L<iiia. 


One   can   v*r,v    (he   way    in 
which  the  power  nf  the  mwK-le 

in  taken  up  b.v  makitiff  the  contraction:  CD  iaotantc^'i.  v..  where  the  load  is 
cuiiKtant  throuKhftur  the  rontractinn ;  (3)  auroinnir,  where  the  load  increnaes 
con.stanrIy  tbroujchout ;  and  (3)  by  »u{>porlir\ff  the  load  *o  that  it  ia  not  lifted 
uutil  the  musele  has  ei'iitracled  a  certain  distance  (after-hiadiiijr). 

A  iK-rfcpt  isolonic  rontraclwn  ia  probably  never  ohtiiined.  Even  when  the 
mechanical  oonditiona  nf  the  experiment  fulfill  (he  PMiuiremcntfi  for  isotony 
ni»  comiilftely  hh  jioMiible,  the  eontniftion  !■<  ivtanled  iit  \l*  ln-KiniiinK  by  the 
inertia  of  the  masses  to  be  moved,  consequently  the  tension  of  the  riu»e!e  is 
jireflter  at  the  niiirt  than  later. 

\VV  deiii^Dtc  (i«  auiCilonie  eonirattions.  fir«t  those  in  which  the  muscle 
works  apninDT  n  stiff  spring,  where  the  tension  naturally  increasos  ns  long  na 
the  muiwle  oontinui.'*  f"  i-niitriiel,  and  ■ec't>n<!l.v,  lho«>  eonlractiona  in  w)iieh  the 
tension  of  the  muwrle  is  purpi»w?!y  inrreHsed  by  retardation  of  the  movement  at 
its  bcfrinuinM.    Here  belonti  the  t!o-ea|]ed  timplt  projectile  motion  (Helmholtz). 
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in  which  the  muscle  liftsi  a  wi-ight  fafllc>neil  dinvtly  to  its  free  end,  and  the 
projectilf  miilimi  ir'ilk  dead  iveiffht^  (Fide),  where  ihe  mtucjt-'  jiuIU  on  a  level 
with  bnluut:fd  WL-iKbts. 

la  Fifm.  17:j  and  17-1  ure  given  extimiile^  of  8ome  of  the  diSei^iit  fvrtae  o| 
motttm.  iinnii'ly:  Fiy.  I'-i  a,  an  iBoHmic  (-(nitrartifin.  Fip.  173  b.  a  aimfdR  pi 

j(-L-li]o  motion.  Fig.  174.  projec-J 
till-  imitLimh  with  d(^Ad  balaiu 
wfinhle. 

Ill  curvfs  flpproximalely  iso-l 
tonic.   Fife'.   173  a,  mh  well   iii*   hi' 
pure     niixotniiic    ciirrfK,     which 
iinturBlly  reproduce  tlu-  chiinK«?s 
in  k'lijflli  uS  (he  muwle  most  vx'l 
ndly.  wr  tlnf!  in   ihe  aKuviidliw 
ligiili  i\   lirr-nk.  whii-h   in  not    nn 
nrtifflct  bm  which,  on  grounds 
tliiil  (TtiiiiKit  Im-  liiAfiiK-icc)  hi'H-,  is 
probably  duo   to  the  mon*  kIu^- 
«ish  t-oiitractioii  of  the  red  luus- 
v\v  tiliL-re  (I'f,  i»wKL'  4111),     III  ibo 
pruJH'tile  cur^-e  ihia  irrcKuhirity 
d<f(«  Dot  appear,  at  least  not  so' 
clcftrly,    boemjsc    the    movcincnt 
of  llic  b-viT  «lo(-»  iHit  record  the 
finer  drtaiU  of  tlit*  c-ontraetion.       The  eonti-Betioii  pmdueed  by  a  sinple  Ktiitiultw 
ii,  I li*?n'forr',  to  n  certain  extwit  eompound.  owinK  It-  the  fact  that  the  diffeixMif 
kiniji>  of  filftTK  cronipoifii]^   the  muBcl<>  U-wmie  iiclive  ul  different   tinier.     In   on 
exaet  nnnlysis  of  mnscidnr  oontrnotinn^.  it  is  newsjirtr^'  to  pivo  [his  eireuuuit»ii)-«* 
its  pniiMT  weiphl. 

Fig.  IZri   n*iirc!»eii tsi  the  single  eoulracitioii  of  »  inuseli*  puinuiied  with  vora- 
trin,  reconied  on  a  »low-movinB  drum.     Vcrutrin  uffc-els  the  rpd  muscle  fibers 


Flo.  I7.t.— droit's  (tn.=itnH'n<-miii5.  a.  iftnlonic  ton- 
triuitioii,  Fj,  (tLtii|>li-  |ir>ijp<:iila>  voiunx-'tinn.  Ilulli 
were  otttairiral  with  flu-  kuiiv  tonds,  8f)  g.,  nfler 
■SmiUMtuii. 


PiQ.  174. — Proft's  ga«lKirn«niiM.     1,  lomlod  wilh  A  k.,  i.  ^..  ^Lh  th^  tiure  Irver;  2^  40  g,  dcwt 
wrighi :  3,  lOO  K-  dead  wmclil;  4,  200  g.  dmd  weiRht. 

so  that  iliey  eontraet  much  more  bIhwIv  ihnii  i*  normal.    The  first  rnpid  Piir%-(v  in' 
rt'fonibb-  lo  the  i-hitr  fibers,  the  seciuul  lonp-drawii-oHt  curxi-  lo  (he  nil  5lM>rs.i 
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After  these  preliminary  rt'Tniirk:*  we  iniu  pmcwil 
with  the  di«cu*sifin  of  the  ifffe^l  nf  iund  t»n  iHl'  work  of 
a  niuftfle.  We  can  fay  in  ;p-neral  thai  tlii'  lit'lfjlit  of 
Ihe  cimtrat'tion  is  let*-s  t)ie  ijifakT  ihe  \oml.  But  Ihis 
Tuiti  cannot  Maud  wilhniu  qiitililic«ti<>n.  For  umliT 
the  isotonic  arrangement  wl'  liiul  tlie  heigtit  lei)t>  tvilh 
a  tery  light  load  than  it  in  with  one  somewhat  heavier 
(v.  Kreyt,  anrl  nrnler  (he  pnri-ly  inixolrinic  wrriuigi-- 
ini'iit  tlie  height  ineri'«Mf^  willi  tlie  load  up  to  a  riiirly 
high  primary  tension.  Moreover,  even  if  the  height 
of  the  pontmetion  ^loes  derrea-ie  n^  the  Innil  inereaww. 
it  (Iocs  »io  much  more  i^lnwly  than  the  ]na»l  ineniise^;  w 
thfit  np  to  ti  rertiiiti  limit  (hr  work  Hone  (jirndiu-l  of 
the  liiiiil  hy  the  heiglit  tif  contruftirin)  ii;  grualer,  the 
greater  the  load  {K.  F.  Weber). 

Again,  an  mhtpuxc  in  the  tpnMon  of  a  mnwte  ilur- 
irig  its  contraction  iia*  a  lUfidnJly  fwvoruhle  elTeel  on 
its  performance.  Vmler  twino  rireuinstnnees  the  eon- 
tractions  against  a  atill  spring  are  just  us  high  or  even 
higher  than  isotonic  conlractionR  olitairicd  with  a  pri- 
mary teni^ion  (if  the  i-ami'  iimuunt  tSittili-F^oti) :  atnl 
projix-tile  contractions  are  sometime^'  liigUer  than  iso- 
tonic coiitractionf  with  Ihe  wime  primary  lciir*ioii  (ir. 
l''ig.  17:1)-  Finally,  cases  have  been  reeonlcd  wlu-n- 
Hu.Totonie  crontmir^tions  which  l»fgin  with  the  same  ten- 
sion are  higher  with  a  strong  spring  than  with  a  weak 
otic.  We  can  say,  therefore,  thai  within  certain  liiiiit- 
the  work  done  hy  a  tiiuscde  is  iiicTX'H*fi  Iwilh  liy  a  higln-r 
priinnrv  teni*ion  and  by  au  increase  in  the  tension  dur- 
ing tlie  eoniraciinn. 

In  close  cmnieelion  with  this  eonies  the  additinnnl 
fact  that  under  the  isonietnc  nrrangi^mcnt  the  iiictciisr 
in  lension  takes  place  mneh  more  ni|>id]y  llian  doe.-; 
the  shortening  under  the  w>-called  isotonic  arrange- 
ment; or,  in  other  words,  its  length  n'tnainiiig  lln- 
same,  tite  muscle  reaches  its  maximum  tension  tniieli 
earlier  than  it  r*'aclic-^  its  maximum  ;»horteiiing  when 
the  tension  nnniiiiiK  the  same  (Fick.  Fig.  17(>). 

A  ninsele  appears  therefore  lo  have  tho  pouu-r  nf 
ri'ftnUxtini}  thr  fimtnmt  of  trork  dnrif  under  a  given 
j^tiHiulus.Hceording  to  the  reijuirenient^  of  the  eiiM\ 
We  must  forego  a  complete  theon^lical  discussion  of 
theste  faels  here;  Imt  we  frnuld  dirixrt  attention  In  the 
significance  of  the  red  fiber*  in  tliis  connection.  Tiny 
are.  as  it  appears,  the  most  importjint  source  of  the 
nddiliimni  work  done  a>(  the  result  of  an  increased 
tension.  Thus  we  find  that  the  secondary  lift  due  to 
these  titters,  in  contractiunK  against  n  tense  spring  in- 
87 
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of  different  «ixe,  a  laT;(Tc  one  (12  X  0  rm.)  upitlietl  to  tlic  ljrca»t.  and  a  nnall  pn( 

(0.5-2  em.  iliiiiiiirtLT)  iipplit^-d  ever  lUt-  iimlu'r  puiiit  to  he  l(;alid,  Su|>|mi#4.>  )»(«w 
t}ic  lui'BC  cluctcxidv  is  iti(^  iiiidtic:  tliu  uurn.'iii  t'litor^  Llii'ii  uiib  rcLaiivply  low 
density,  sprrncU  nut  iKmiifli  ibc  budy  with  aiill  Ifsis  dpiwity  und  fiTnilly  collect* 
at  the  cathude  with  Bruat  dciisit.v.  Since  now  the  effects  of  a  rurreiit  dejieiid 
upon  ite  dtniBily,  it  fttUowK  thai  with  ciirrents  of  modfrate  stntnirll)  lbt«»e  pflfiwts 
will  ap|ifflr  only  at  the  smnllpr  fkvtrotl*-.  S(nrw  nf  tlip  inniiy  tlirt-nils  of  ^nirront 
rnaehiiiff  th*-  fiiniillf-r  i'ltTln«ii'  friirn  all  partw  of  the  body,  will  nrwMiarily   pass^ 


I''i«.    16<V— jfcttninnlic!   rrj'n*.-ji' jiiioii  11/    ilio  ■iitriiini-  iiil.n  ami  rsil  from  n  nrrve  uf 
appliol  til  llie  nkin  ov^r  tlie  iii'rvp,  ivrwir  dc  Walieville. 

throuf^b  the  nerve  nnder  it.    Tin?  offectivp  ralhode  of  the  current  \\e*  wborc  tfaeitaj 
tbrcjids  itas!*  intt  fif  (bf  iK-rvr*.  luiil  if,  si"  Wf  haw  Jissinm-il,  lln"  smaller  4*I<*t-tr(«lc| 
^n  thi?  ciilbixle.  nlher  thinirs  bcilii;  fiiinil,  the  curreiil  will  have  ils  prealiX   jiussi- 
bli;  ilciisity  llu-ri'.    If  tbi-  current  in  revernfd  sn  llint  it  no«-  ciiicr-  ibf  bndy  by  tlraj 
smaller  rli-ctrmlc  (which  is  Hrill  itvur  thf  nrr\v),  ibe  placid  wbere  the  thrratlit  oi 
current  lenvo  the  tici-vo  n^mstitutc  n*  Lofore  the  pffmivo  carhode;  the  donsitji 
of  the  current  now  huwev4>r  is  less  than  iu  the  firnt  eaw  (Fig.  105), 

The  poiar  !a»-  of  rsnfntwn  nppUf/t  also  to  mnjicfe.  both  with  the  eons-tanl 
and  inilui'tioij  eurri'nl  (v.  BezoUl,  Hn^ielmann,  IJiLHJcrinanii;  ef.  pajn-  41ti). 

We  ha^e  a  vcir  instructive  proof  i>f  this  Iu  thi;  "polar  failure"  of  pxcita-l 
tion  ilijxrovered  l>y  Jiiedormanti  anil  Kii(;<-linaim.     If.  fur  exnmjile,  tbf  end  of  a; 
frog's  suttofius  mnirlc  hv  namitiwd  niid  the  i-atbodc  bu  applied  to  thin  injun^l 
plat-e,   on  cloMinK  tbe  nirrtTil  the  niUM-le  reniaitii«  iit   riwl.     TIw?  norninl   iiiiif>i?lo 
8ub«li<nou  ie  not   stinililfttvii  by  thf  etonure  of  n   cnrrent  an  it  parses   fmni   iJio 
normal  tu  the  jinralyn-d   or  di-ad  iiiiiscle  i<<iib!«tam'e.  and  the   mere  |ma>JWRc  of  a  I 
purrent  in  not  Hii1Hi.*ienr  to  discharRT  the  eontrartion  {Loeke  and  SB,vmanow9ki).J 
Similar  phenomena  inAy  be  ^homi  on  opening  of  the  earTt?nt  when  the  anodei 
i»  placfd  at  the  injured  jila^-i'. 

E.    EFFECT  OF  A  RAPID  SERIES  OF  STIMULI 

If  a  nerve  or  a  nmscle  he  nffwted  hy  two  stimuii  in  rapid  «;ueNssinn.  w» 
lliat  llie  aulioii  resiiUiiig  from  the  firK(  has  rtot  yet  come  lo  an  etid  when  the 
ewond  becoinoji  efTective.  the  rt-lflxation  which  wonld  ollierwine  fidlow  Iho 
Crel  contraetior  is  inlcrruplcd  jiiid  tlie  effect  of  the  wrond  stimiilu'*  U  mittfrt 
to  the  finit:  eonsf<]Henlly  the  [-ontraction  n1  the  milBcle  is  frrenler  thnn  it 
commonly  would  1)C  a»?  the  rcsmlt  of  a  pingle  stimulne.  It  h  only  when  the 
load  of  Ihe  miisrle  u  very  light  Ihnt  it  contracts,  as  stTonjrly  to  a  single  stimtllus 
•e  to  rapidly  re|H>atecl  sliniiiLi  (v.  Frey). 


STIMLLATION   OF  MUHC1.K3  AND  OF  NERVES 


In  aummalfd  roittracHont  iho  iispctii)iii)f  limb  of  iho  scvotu]  (K>iitriiettoii  ciirvo 
ia  stocj)or  tliBu  that  of  tin-  tirst.  Iii'tivc  iIh>  xinniiiit  of  \\\o  »<-<-<)i]d  H|i|H-»rH  mrlivr 
than  w<juld  hv  y>.\n:clvfl  if  its  onunte  were  the  ttamv  as  the  firet  (v.  iiriw).  Tbo 
lutetit  period  of  the  »upcnm]M>»Ml  eonlraetion  U  iiUo  said  io  be  very  much 
shorter  thiiii  thai  foUnwiiiK  ihi-  first  fitimuliis  [Kick). 

Ill  orilor  thut  Kurr.-i->M>lvi:-  !>timi]li  itiiiy  prwluc^  a  i*iimmalii>ii  they  mu^t  not 
foUttw  one  nnotlwT  too  nipiJl.v.  The  smallest  interval  |Ku»ihle  for  any  Biven 
lireporatiuu  depends  uixui  thi'  lempcruturt'  and  the  elreiitflh  i-f  the  stimuli:  for 
lUe  iR-rvra  «f  ihf  (nm  at  orrlinary  room  temiHTiitiin'  it  iniiy  be  <«lima1C[]  at 
about  (t.OOI  to  0.01)5  second.  We  have  a  refracloru  /irriW  therefore  in  nerve* 
and  skeletal  muBcIcA  just  as  we  have  in  heart  mti«4e  (trf.  page  18S). 

If  more  llian  two  stimuli  affect  the  nerve,  or  tnuitc'lc  ot  ^u^i(■ie^tly  short 
inlervnis  the  onntrnction  of  (he  mii^elo  hepotncs  «till  ;irealer,  and  its  rnrve 
ii»  purfeetly  coiilinuuus,  jihowin^r  no  separate  summits  (cf.  Fig.  lOti).  This 
form  of  contraction  in  cftlled  tetanwi. 

Onitiplete  tefnntu>  flp)>eKrii  ititl,v  uIk-ii  the  stimuli  follow  one  another  wi  r»\f 
idly  llmt  the  iiilerval  liftween  them  in  lew  Ihati  (be  time  occupied  by  the  aetivu 
ahortenitiK  of  the  muscle  when  that  is  maximal.    The  frequency  de[>enils  there- 


I 
I 
I 


Kill.   IM-~ Trt»[m»  rtirvt    uf  thit  froft'it  ^"''■■^■•'"■'(■"'i".  nfh-r  Ilolir. 


Tw«ity.*P\-«i  Hliniuli  per 


fore  primnrily  upon  the  behavior  of  Iho  muiu-le  t4)  f>inK)<^  stimuli:  the  man 
rapidly  a  itiiiprle  eonlrnrlion  niiii*  iIk  eoiinie.  the  more  fn*t|neiilly  nmiit  tbe  stimuli 
Ik-  niven  to  produce  e«implete  telanu-i.  This  is  heniilifully  shown  by  the  behavior 
of  mu»cle»  of  wnrm-blooded  iinimalx  comiH»*eil  mainly  "f  w"*!  or  while  fillers. 
Tlie  red  noleua  mnsole  of  the  rabbit  falls  into  almost  completr  iPtanus  with  ten 
stimuli  |N>r  necoiid.  while  the  white  ija.iltytrnemiu*  mrtliuA  wilh  the  lUime  fre- 
()ueney  of  ftiniuhition  pives  very  evident  ^iiiule  eontraelions,  A  fre«iueney  of 
six  Htiniuli    per  weund    |H.Twit«  the  white  mueele  tu  relux  alnioft  eompletely 
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of  diStircnt  mx*^,  a  liir)CL-  one  (1£  X  0  tin.)  apiilk'i)  to  the  brcn.-it.  and  n  small  or 

(0.b~2  cm.  cJianiPliTj  h[)[iIu-«)  ovir  the  mntor  point  Ui  bt-  kslc^l.  Supixiitc  now' 
thv  large  clcL-trudc  is  tht-  uiiude:  the  cum-iit  eiitiirs  thi-ii  witli  Malivt'ly  low 
density,  spreadB  uut  tliixniKli  the  budy  uitli  ttlill  K-mt  dvusit.v  and  filially  cdlei^ta' 
at  llie  i^athodc  with  tircat  density.  Sim;c  iiuw  the  cfft.>c't8  of  a  ourrem  df  puiid ' 
iijHUi  it«  dvimity,  it  itilloM-H  lliut  wrilh  currents  of  moderate  sln-niilh  iHt-w  efftvts . 
will  n|i|K'nr  only  ul  tlii'  smalh'r  fkvtriitU".  Some  of  ilie  miiiiy  ilir^-'iids  of  «utreiil 
rcaeliiiiK  tlie  wmiiller  elcrtnidi'  from  nil  jmrtt*  of  ilic  hody,  will  iirrpssarily   |>(ihs- 


TO,  iG6. — ik>hentiiUL'  ri-|n-i=t-ii'ai.inu  ui    iln'  lutrmiii    into  ;iiiii  exit  from  a  nrrve  of  a  cur 
applli*!;!  to  Ili4<  fikin  avn  llii-  iiprvi-,  iifttr  lit-  \Vutt«vi]le. 

throuirh  the  uvrvc  under  it.    The  rffoetivo  cathode  of  the  currpiit  lies  whi*re  tfaraaJ 
thri'jids  piitin  (iHt  of  the  nrrve.  mid  if,  as  we  have  asminivd.  Ilie  sinull<T  i-IiCi-t  ntdnj 
is  rh<*  (nili.klf,  .-.tlier  tilings  lii-ijift  ii]mil.  th**  ftirrnit  will  hnvr  U^  yn-atf:ti  jHiftsi- 
till-  d*'iisity  then-.    If  the  i-urrMil  is  reversed  su  lli»t  it  tiow  c^iitfr*  tin-  li<rdy  Uy  tlni] 
Miiuller  flec'trodc  (wLiich  i»  sliil  E>ver  the  nerve],  the  phicej^  wiji-)v  tli)'  ttiit'ii'ts  o| 
cunriH  !p«vc  thn  iiorvo  rnnstittite  rs  beforp  thfi  effeelivi?  (*iuIiik](>;   thp  detisitji 
of  the  furreiit  now  however  is  lc«s  thati  iti  the  first  caac  (Fig.  16n). 

Thr  pfiUir  !a\v  of  excitation  appties  aJfo  to  miii^cfe,  both  with  the  rnnstanl 
and  iiuUieiioti  eiirrent  (v.  llc/nli!,  Kiipdiiianii,  Biedi-rinann ;  rf.  ])H{^'  -IH!). 

We  have  n  very  inslriirlive  proof  »f  ihis  in  the  "polar  fftiliire"  of  cxrita* 
tinii  rlijw'owred  by  .Jiiedermniiii  nnd  Knuplmanii.  3f.  for  exjiinplc.  ihe  eml  mf  a*^ 
froKH  i*ttrloriiis  miisele  Ik-  nnrec'tiM*d  mid  the  eiillicde  be  applied  to  ihit*  iiijuruc! 
plaffl;,  on  clojJiiiR  llii>  c-iirreiit  iho  niiiwlc  rcmninH  lU  tewt.  Tim  nnnnul  mtisolfij 
siibsiJkncc  ie  not  stirnutnti'd  hy  the  closure'  of  a  eurpt-iit  at*  it  pnj«ps  fr<im  thcl 
normal  to  the  paralyzed  or  deinl  rmisr-b;  suhslanpe.  and  the  nn^re  pasRHfto  of  of 
current  is  iiul  aiitfieient  t"  di^+'harjre  the  contrnetioii  (Ijocke  and  S/.vmtinowski). j 
Sinnlar  phenomena  may  he  rliuwii  on  ij|>eniiiR  of  the  current  when  (lie  unodf- 
ia  plueed  iil  the  injured  pUieo. 


E.    EFFECT  OF  A  RAPID  SERIES  OF  STIMULI 

If  a  nervo  or  a  inuse!«  Ik?  affi-ctwi  by  two  stimuli  in  rapid  Hupposeifm,  no. 
that  the  action  rosullinf:  from  the  first  hns  nnt  yet  mmc  to  an  end  when  Ibo 
bveiJiid  hwonu'f  t'lTecUve.  the  ridaxat inn  wliieh  would  olhi^rwiw  follow  thr 
first  contraction  is  interrujiled  and  the  effeet  of  the  «ecrnnd  .>!tinnjlini  i.'--  a>lded 
in  the  i\r*t;  eonwi|uently  tht*  contraction  of  the  mustle  is  grejilor  than  it 
commonty  would  ho  br  Ihp  resnit  of  n  single  «timulu».  It  is  nnly  whr^n  the 
load  of  Ihe  mn>;el<!  is  very  lijrlil  that  il  conlracts  as  strongly  to  a  single  stitnnlna 
B^  to  rapidly  repeated  !*timuli  (v.  Krey). 
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pMrtml  (.'uiitructiou.  Tliori*  cun  W  iiu  duubt  thul  suvli  purliul  coutractions  iK;cur 
nUci  nonuiilly  iiiidrr  the  int1ui->iic<!  of  the  nervous  syiiU'in.  alllioufrli  iirnUuMy  witU 
Btill  iiu-*  r  imiciations.  In  this  way  flic  activity  f>f  tin?  itiusi'Im  im  flilnptrd  t-o  the 
wurk  In  ho  pcrfonntcl.  If  im  urcnt  ili^jfri'-e  of  K^iitiini  iji  ciillcd  fur,  nnly  a  ft-w 
muM:lt>  filxTR  I'rmtrai't,  tlip  filhern  remain  quiet  miil  tin  iinl  liccurn''  frtlipued. 
Hiiirt  rill  tiw  olliur  hiiuti  ibi*  t^-xtrnl  i>f  tlie  contrncCiuii  iJi>i-!i  tiol  (k'p*'i><)  U|>on 
the  cross  S4>eli(iii.  but  upon  the  leHRlh  of  the  niUHole,  wc  may  gft  just  as  nuicb 
sbortcuing  with  a  partial  cuiitraclioii  ae  when  the  whulc  tuuH^e  is  active. 


ge.    FATIGUE   AND   RECOVERY   OF  MUSCLES   AITD   NERVES 
A.    GENERAL   PHENOMENA 

If  PI  frog's  muxrlf.  be  atimiilHted  ri'])ejH(ill,v  willi  mJiikI"  fthorks  Riven  every 
one  Hi  two  tfeoiiii(!rt.  nt  first  ita  cnntriictianf*  inprease  in  size,  even  if  llie  stimnhii' 
remain  of  llic  same  sIreiiKlli  ("  treppe"  of  Rowditeh  and  Ittiekniitstcr).  and  then 
they  |frn(li)!illy  decn'Hse  until 
finnjflclp  exh(iu»<lion  i#  refti.']ied. 
Knini  the  iir»t  nf  the  mtIi'h  the 
contruetinnH  iM-eome  more  jiro- 
lunin^l,  8inee  both  the  n-urcniling 
■nd  tlir  deaoendinft  limlis  nf  the 
eurve,  hut  ei«]K*eiMlly  the  latter, 
"eciapy  ninit*  time.  As  fntiRue 
projtressejt  niitl  the  l<iii(rer  Btiniii- 
hiti<in  in  kept  up.  there  prmlu- 
nlly  lieveh^ps  n  new  otiiKHtiuri  of 
\\w  muscle;  at  the  em]  of  the 
euiitnielion  it  i!(>e»i  not  n.'titrn  tn 
itf  restintr  pusilinn  hnt  remiiins 
more  nnd  more  shortened.'  The 
tnusele  finally  l>eeoiiie»  a  t^luK- 
jfish,  Htnhhuru  muss  yielding  tr> 
the  tnictioii  whteh  ^tirivcs  to  re- 
store it  to  itM  nri(riiia3  form,  with 
extreme  slowness  (Fuiike).  In 
the  Heries  rt'i>rc-M-nt«-il  in  FIh. 
177  a  nuiiieirt  lt<'pt  jR-rfuse*!  with 
hlcind  was  Htimulated  f^\(.-Ty  IJJ 
Bwuntls.  Only  the  firat  ten  nf 
everj'  Hfty  ecintraetinn«  are  here 
reproduced,  the  six  neric*  rcjire- 

Renting  all  told  some  tlirw  hundrrd  sepnrnte  mnvenirijts.  When  the  interval 
Uttwenn  stimuli  in  mado  still  shorter,  soy  \^.a  w«»nd.  a*  fatipue  eontinnes  the 
de^eendinir  limb  of  thi*  eurve  does  m.t  reneh  tlif  hnse  line,  before  it  if»  met  by 
the  folJowiuii  ■timuluK,  and  the  curve  becomes  niucli  like  an  ineoniplele  tetanus. 
With  n  lonjier  inter%"al.  say  six  boconde.  the  contraction  is  not  pmlniifred,  or  mdy 
sliirhtly  MO.  ami  (he  rediirtifin  in  the  hcijiht  of  the  curve  i»  the  only  expression 
of  fntipup. 

The  miturlf  of  tfarm-hlfinded  nntmnh.  kept  perfused  with  blood,  show,  aecnrd- 
ing  to  Ttollet,  only  tlii*  Intlnr  form  of  fatigue,  with  no  niateriiit  inercaac  in 
the  duration  of  the  eontraetion  even  when  the  interval  between  Mimuli   13  very 

■ 'Ilila  condition  ia  cbIIdI  contracture — li^D. 


Flu.  177. — riiiiiiai's  in  the  i-harartiT  o(  the  contrnrlinn 
pn>«luc«(l  by  futifTJ'^.  after  Itollv^ 
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uf  diffurcot  nbu:,  a  \aTgc  une  (IS  X  0  trm.)  tiiPplU'il  Lu  tJie  btLa^t,  ami  a  small 
(<i.5-3  cm.  diiiniPlcT)  a]i]tlk>i]  nvcr  tin'  imil(ir  iitiiiit  tiv  be  Icsltil.  SiipiXK^c  now 
tho  Inrgu  cW'IrodL-  i*  thf  niiodc:  the  currt'ut  t.-iitt:r»  thai  wilh  rt-UtiVflj-  low 
deiusity,  KptvadK  uul  tlin>iiK)>  liw  Uidj'  with  iitill  lesx  Jftiinily  und  tiuiilly  (.ttllecta 
at  the  cathode  with  izrcat  density.  Siuce  now  the  effects  of  n  euneat  depend 
ujiini  tt«  density,  it  fullmwn  that  wllli  currents  i>f  Hunk-rait'  itl«ii;flh  tlu-ae  offecl« 
will  n|)])ear  only  ut  the  i^iuallor  L'leclrude.  Souu.'  nf  tin:  many  tlirends  of  curr 
nnicluu(r  the  smaller  flcrtrode  from  nil  parts  i>f  the  bmly,  will  iietn.'ssarily 


166. — SobemAtic  iiiin-.-Mii'aUnii  U   xtii!  ttilriuic'.-  mui  and  c\it  Snr.tt  u  aiervK  at  a  cunwM.' 
tLppliiHl  lo  iJin  "kill  ovirr  thf  tiPTVP,  nfier  fk'  \V»tluvUle. 

thr«ujrli  tho  ncrvis  under  Jl.    The  effective  cathode  of  ihe  current  IIok  where 
ihreudw  pal's  <iul  ff  the  nerve,  snid  if.  hh  we  luivu  HS:*iiiiH'd.  llie  suuiIUt  eU-<_-ti 
{■*  the  «>iilhoi)<',  other  things  lu-inK  e<}iiiil,  the  enrri'iit  will  have  itjt  jff'''»t""Mt  Ikws 
hie  density  therr.    If  the  eunviit  is  itverwetl  so  thiil   it  now  outer-*  the  hody  by  ti 
KiiiuIIer  electrude  (wliieli  i«  »litl  (iver  Llie  nerve),  Che  plai-ea  where  the  llirejitls 
eurrent  leuve  the  nerve  eoiistilnie  as  Iwfere  the  effeeLive  eutbodc;  the  tlenetl 
of  llie  current  now  however  is  less  than  in  thi>  tirst  case  (fin.  16S). 

The  polar  fntr  of  exciiativn  appUes  ahu  Ut  mitsrJe.  both  with  liie  i-nEistai 
and  indtntinii  (riirniU  [v.  liewdd.  Kn^pilinnnn,  Biwlerntann;  ef.  iwki*  Ihi). 

We  have  n  very  in!>tnictive  priKif  of  this  in  the  "polar  failure"  of  exritl 
lion  dineowrred  by  iliedennaiin  and  Eiijjt-lniiinii.     If.  for  example,  the  end  of 
frotj**  sfirterin^  nnisi-Ie  be  nnreotizf.-'t  «iid  Ihe  enllTwIc  hv  H[i|>lieil  to  thi»  injui 
place,   on  eluHiuK  the  otirrent  the  miiHc-le  remains  at  rest.     The  nonnal   miiAele 
RubBVuce  is  imt  stimulated  hy  ibe  ehwiire  of  n  current  b-h  it  pasMw  fr«»in  tl 
normal  to  the  paralyred  or  dead  muwelo  substance,  and  the  mere  pnsuiire  nf 
eurwiit  ^*  iio(  siufiii'ienl  tn  diK4>h»nre  the  enntnii'ti'iii  (I.i«"ke  aixl  SEymflnow*ki^ 
Similar  phenomena  may  K*  shown  on  upeniniy;  of  the  eum'nt  when  the  an< 
is  placed  ai  the  injured  plai'e. 


E.    EFFECT   OF   A   RAPFD   SERIES  OF  STIMULI 

If  a  nen-e  or  a  muscle  \k  alfecleii  hy  Iwo  cUinuIi  in  rapid  sucewsion. 
(IiHt  the  actinn  rr^idlinH  from  the  first  has  not  yet  come  tn  an  end  whon  tli( 
t.eeon<]  lieeonn'.-^  efTcflive.  ihe  relaxation  which  wnuld  otlierwise  fnjbm-  ih( 
first  oontrnction  is  intcrnipteil  and  (lie  cfFcct  of  (he  jieennd  .■"tiinulu"  i'.«  miiirt 
to  the  fimt;  mn.'Jeqnently  the  eontraeUon  of  the  muscle  in  jireater  than  it 
commonly  tt-ould  lie  as  ihe  rp.-siilt  of  a  Kindle  BlimiiftiR.  It  is  only  when  tlio 
load  of  the  mu-wele  is  very  lipid  Ihat  il  ennlraetB  as  strongly  to  a  single  stimuli 
as  to  rapidly  repealed  stimuli  (v.  Frey). 
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III  aumrruited  eontntfUons  ihc:  a»cenf\mg  limb  of  llic  M-cniid  «)nlraction  curve 
18  sleeper  tKaii  flint  of  tin-  lin't,  liL-iiif  llio  Muniiint  of  llii*  «<f:i>iiij  ii|>)H*itn4  i-iirlivr 
than  would  Iw  i.'X|H.vtc'd  if  its  mursit  wprc  the  t^aine  us  liw  first  (v.  Kries}.    The 
latent  period  of  the  8uporim|Hwwl  conlraclioii  U  a]»u  snid  lo  bo  very  much 
ahurti^r  thxiii  thni  fnllftwiiifr  the  first  ntiniuluit  (Fi<7b). 

In  uriliT  tlijil  (iuc'c»«'si4'«'  •stimuli  iiiiiy  produw  n  tmtnmiitioii  thoy  must  not 
fii|lon-  one   hiiuIIkt  loo  ni|>i(ll.v.     Tin?  stiinllcitt   iiitfn'dl   poHyiblc  for  flii.v  iiiveD 
lirepumtioi)  di-tii-mli;  ujii'ii  llif  icmptTuturi'  and  tliu  Kin<ni;ili  uf  lli«  8tiinuli:  for 
\\w  iiiTVPS  of  ihc  froir  nt  ordinary  room  fempcrnturc   it  inny  hf.  rstimatrd  at 
lihoul  r).001  lo  O.oon  second.    Wc  bare  a  rffraeiorti  pfriod  iherrfore  in  ncr^g, 
and  skeletal  ]nusc1(?fl  just  an  we  ttftve  in  heart  muscle  (cf.  page  183).              ■! 

If  more  than  two  stimuli  nffect  the  nerve,  or  inutKlc  at  nuflifii'nlly  short 
intervntrt  the  contrnrUon  of  ihc  mnsHo  IH•o<lme^i  still  ^rrmter.  ami  it«  curve 
U  perfoi'tly  itintinimu!-.  ^Iiowiri^'  no  (H.'|mrutc  fiuintiiit*  (ef.  Fig.  IBG).     This 
form  of  contraction  ip  called  letanw, 

Pimipletw  tHnmi*  apitvuro  only  wIkti  ihi-  Klimuli   fi'llt>w  iiiie  another  no  rni»- 
idly  that  llic  interval  U'twecn  thc-ni  is  luss  than  the  time  o<>rupied  by  the  nrtive 
sborteninti  of  the  niu,4ele  when  that  is  mtiximnl.    The  frequency  depends  there- 
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I'lo-  140— TcUtiiM  cur»'f  of  thr  rroit'i>  Rwimrnomiua,  oftw  IV>hr.      T«reoty-«e\'pn  (•limuU  per 

iKH-nnit. 

fore  primarily  upon  the  iK-hnvior  <ti  the  mufiele  to  single  stimuli;  the  more 
riipidly  n  »iiiprlc  r-ontrnrtion  niiiH  il*i  <ionn«e.  the  mon-  frt^iiifnlly  imii'l  llu*  Hiimuli 
be  itiven  lo  pmduw  eflmplete  lE'tiinu!).     Thi.s  is  beautifully  idiown  by  the  ln-havior 
of  muscles  of  warm-Mooded  nnimnltt  eom|M>«e<l  mainly  of  nil  or  white  tibcm. 
Tlie  T*-A  tolfua  muw'le  of  the  rahWt  falls  into  almnat  poropletc  tctfliuis  with  ten 
stimuli   i»iT  Hi't-ond.  wliilu  the  white  (juji/mrni-miiw   mfiliua   with   lln*  .-uinie  fro- 
queney  of  stiinulution  cives  vei-j-  evident  ^itiulc-  eontraetiDiifi.     A   freqwney  of 
six  Htiuiuli    |H.>r  Mvuud    iKTuiitK  the  white  muitele  U>  relax  uUuuttl  euiupletely 
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!>  »h(>w  that  cxbamtion  coine»  on  more  rapidly  the  smaller  the  iotcrval  bf-twcTti 
amtrairtionfi.  In  i'ig.  181,  A  wt*  litic]  only  fourti^ii  contractionfl  before  complete 
cjthausrioii.  nifL-haiiicfll  work  =  0.yi:i  lc|>.  m.  lii  Fife.  ISl,  B  (Ik-  nuinbor  of  cou- 
tractioii-H  ut  fiKlii.vii,  auJ  the  mculiaiiicul  work  done  l.OHU  kfc.  m.  In  Fijr.  1*11,  C 
thf  iiumkT  of  c'omrBclioiiM  i»  thirt.v-ime  mid  iht;  nitvhanit-o!  work  1.M2  kg.  in. 
With  fl  rhythm  of  one  eontrnrtion  every  ten  sco'iiida  no  fntiKue  nt  all  apiM-ari 
(Kip.  IS!,  D).  An  int<;-r%-itl  of  ten  secouda,  therefon?,  is  aufKcieiit  to  pennit  a 
skt^^li-tul  imiSL-le  to  rpcover  i-imipletel.v. 

When  a  inusele  194  workud  at  a  rapid  rhythm  to  the  point  of  complete  exhaus- 
tion, it  roquirea  a  rather  lond  time  to  recover  eompletely — in  ihe  exp(.<r)mL-iit»  of 
]Ufi)fKiui'A  frdiii  oue  tintl  oiic-half  to  two  himnt.  It  was  nl«o  shown  in  ihipite 
exppriment-s  rhat  thf.  Inst  conlrnctimis  of  n  j>fries  ciidirifr  in  cumplcle  exhaustion, 
are  tlw  rnimt  faliKuinR,     If  only  the  first  part,  say  the  firift  fiflei'n  eontrHetions, 


Fia.  ISI. — I'lii'  (itiot't  i>r  (ntieiic  timliT  (■limuili  <>[  ttn^  naiTit-  Htn.i)t:tli,  given  nl  dilTervnt  tiilrrvjilF, 
B(l>.*r  MiixKiiint.  .1,  unci-  u  uvund;  H,  oik-il'  rvrr.v  Iwro  a^oumta:  C,  once  in  four  Mcvolicia; 
D,  once  in  t«ti  «^erlll(U.     To  br  read  froai  riilit  to  left. 


ef  a  fatiRue  ni^riea  be  carried  out  and  rent  lie  then  permille^l,  the  Tnusrl4>  will 
ppcdver  in  H  niueh  shiirtcr  lime  proportionally  than  if  it  were  complelely  fnlif;ued, 
Consc<iUL-iilly  the  total  amount  «if  wurk  which  can  be  done  in  o  day  ia  consider- 
ably greater  if  (be  inusfle*  U-  imf  ]in!>be«l  at  any  time  to  Ibc  limit  of  their 
piiwers.  For  example,  a  niusele  making  Rflwn  eontraetionK  every  thirty  min- 
utes for  fourteen  hours  did  meehnniea]  work  of  20.0  kp.  m. ;  the  same  musele 
when  made  to  iierforni  the  whole  series  of  fatip:ue  enrves  every  two  hoiips  aeeom- 
plislied  a  ineehaiiical  work  of  only  14.7  kjr.  ni.;  a  difference  of  12.2  kp.  m, 

Antpmia,  fasting,  want  of  steep,  iinioutr  other  thiiuc^,  rcduee  the  working 
power,  and  favor  the  onset  of  faliRue.  The  caiiability  of  work  ia  iuerca»cd.  on 
the  other  hand,  by  re«t.  by  takinf;  food,  and  by  niflKsaire^tlie  latter  even  in 
case  iho  muscle  be  previously  not  fatiRued.  The  effeet  of  .mABnnge  after  work 
therefore  consists  not  otily  in  the  removal  of  products  nri»in(r  from  the  expendi- 
ture of  etirrfry,  but  nUo,  nnd  to  a  considerable  extent,  in  the  more  active  circu- 
lation of  the  blood  and  lymph  and  possibly  in  somo  aheratiou  of  metabvlism 
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the  unodc,  aud  the  ctuiiiDi;  ci>ntraction  i»  wnntiiie.  With  the  descending  cur- 
reur.  th«  fxritHtiori  Htarted  at  ihc  annilf  mpflK  with  a  nsiriUmci;  ul  the  catliudi- 
which  may  or  may  not  eom|)]etfly  hlock  il;  hence  the  opening  contracti<m  I'ither 
fails  attoKfther  or  is  rp^atly  tSimiuiahed. 

Exactly  Ihe  same  laws  hold  fur  Ihu  inducttun  rurrentg  bh  fur  the  conAtaiit 
current.  Tiie^  aUo  stiniulatt;  hi  tliu  L-atlioili'  tin  Ihey  apiienr  and  at  Ihe  same 
time  produce  a  resJBtancc  at  the  auodc.  When  they  are  .strong  enough,  they 
have  a  stiruulatiug  elTect  also  as  Ihcy  disappear  and  then  the  stimulus  starts 
irom  the  anode. 

The  fftct  llinl  the  i»ducti<in  currents  pruduot*  u  rwintfliice  »t  thfir  anode  ti 
demoniftrated  by  th<?  followinji;  exiHTinit-nt :  a  nenit  i»  nlimulated  with  awoend- 
ing  induction  currents  which,  begiimiutr  with  very  weak  shudu,  are  Ki^duully 


kWVA  1 


Fro-  163.— -Sliirviilstinr  of  a  nt-tve  hy  a  nrrini  nf  iim>L>nrling  inAkp-  miil  ilcM:p|iilin|;l>i*':>l'-tR(llKlioii 
■hi>ck«  of  iiicrvvMiJiK  »tr«iiKTli,  To  Ih-  road  fruni  ri)(hi  to  Irfi.  Tli^  firsi  ciiiitrucUun  of  Mkoh 
pair  wiw  obtuitml  hy  llic  mwi-iiilitiK  clnaiiig  anil  lli«  accantl  by  tin;  iliscviidtng  o|x?Tua|| 
abock.     Thoro  art'  no  "  s^tym  "  in  Uic  Iktlvr  tturicK. 

incretuted  in  itlrniftlh  (Fig.  IflS).  The  height  of  the  coiitrnetionn  at  fimt  incres»ra, 
but  after  a  time  decreanes.  uiid  with  a  certain  strpoKth  'he  muscle  remains  at 
rest  (Fiit.  163;  Nos.  11-lHl.  If  the  t^trL-Piith  of  ihe  tshii-k*"  he  raised  atill  fur- 
ther, contraelions  appear  Hjcrain.  whii-h  at  first  ore  weak  (Xos.  lit.  20).  hut 
ally  become  stronger  uniil   ihcy   finally  may  become  supramaximal.     Wi 


V'ith  a.    ■ 
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The  following  table,  compiled  by  Bliz,  contains  some  data  on  the  maximal 
muscular  capacity  of  man  at  different  kinds  of  work : 


KniD  or  WoBK. 

Time. 

Kg.  m.  per  seaood. 

Obnmr. 

Climbing  moustain  and  stairs., . 

8  hours 
H  hours 
16  minutes 

5  minutes 
1^  hours 

4  nennnds 
4,8  seconds 

10.5 
18.5 
17.0 

IB. 6 

27.7 

101.3 

95. 4 

Weissbaoh 
SjSstrom 

U                       u 

a                u 

u 

u                 u 

hi 

Climbing  stain  without  load.. . . 

Biix 

It  is  evident  that  the  capacity  for  work  calculated  per  second  is  ^freater,  the 
shorter  the  total  time  occupied.  The  highest  record  of  endurance  yet  made  was 
observed  in  a  six-day  bicycle  contest  in  Kew  York.  According  to  Atwater'a  cal- 
culation the  victor  performed  during  his  first  day  of  twenty-three  hours  and 
ten  minutes  an  average  of  25  kg.  m.  per  second,  and  in  the  whole  time,  one 
hundred  and  eight  hours  and  forty-four  minutes,  an  average  of  20.2  kg.  m.  per 
second. 

§  7.    RIGOR  MORTIS 

A  muscle  cut  out  of  the  body  or  excluded  from  the  circulation  passes 
sooner  or  later  (ten  minutes  to  several  hours)  into  a  rigid  condition  known 
as  the  death  .'Stiffening  or  rigor  mortis.  It  is  now  shorter,  thicker  and  firmer, 
turbid,  opaque  and  less  extensible;  its  reaction  is  acid,  probably  owing  to  the 
transformation  of  a  portion  of  the  diphosphates  into  monophosphates  brought 
about  by  the  lactic  acid  formed. 

Rigor  of  muscle  is  produced  also  by  warming  to  48°-50''  C,  by  the  effects 
of  distilled  water,  by  acids  and  by  various  other  substances.  It  appears  more 
readily  after  heavy  muscular  work  than  otherwise,  but  on  the  other  hand  appears 
later  if  the  muscle  has  been  paralyzed  by  section  of  its  nerve.  Rigor  mortis  is 
the  cause  of  the  rigidity  of  the  body  after  death.  Under  certain  circumstances, 
which  have  not  yet  been  successfully  imitated,  the  stiffening  comes  on  immedi- 
ately after  death,  so  that  the  body  becomes  fixed  in  the  position  it  had  at  the 
instant  of  death. 

Rigor  is  regarded  by  most  authors  as  coagulation  of  the  muscle  proteids. 
But  the  processes  taking  place  in  rigor  are  only  partially  explained  in  this 
way,  for  we  do  not  even  know  definitely  how  the  proteids  obtainable  from 
muscle  plasma  occur  in  the  living  muscle.  Besides,  the  phenomena  of  coagu- 
lation in  a  muscle  extract,  and  the  rigidity  brought  about  artificially  by  dif- 
ferent reagents,  present  several  points  of  difference  from  the  natural  death 
stiffening. 

§8.    SMOOTH  MUSCLES 

The  moat  satisfactory  smooth  muscles  for  study  are  those  whose  fibers  run 

parallel,  like  the  retractor  penis  of  the  dog  and  the  circular  muscles  in  the  stom- 

.  ach  of  the  frog.     The  extensibility  of  such  muscles  is  relatively  great  and  the 

elastic  after-effect  is  very  considerable.    A  small  wei^t  acting  for  a  long  time 
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of  different  size,  a  Inr^e  one  (12X6  cm.)  applied  to  ihc  lircHst.  niul  a  i>iuall  tme 

((1.5-2  em,  diamottr)  apiilUtl  over  the  owtoi-  puiul  to  be  IlmU-aI.  Su|||kikc-  how 
the  largv  uk-clmdi;  is  the  tiiiddt.*:  ibe  curntiil  (.-iiLunt  Ibt-ri  witb  ix'luti%-cly  low 
ci('ii»it.v,  »preud»  out  throuKili  tbe  body  with  slill  Ivan  ilcimily  uiid  liually  (rvlloets 
at  ihf  cathode  wiih  prrai  detwity,  KincR  now  ibc  «^f<'<rta  of  a  curmit  rlrponil 
upuii  iljj  dcu)^i(.v.  il  ftdbiwt;  thai  wiih  (^urri'iils  d/  imnkTaif  stri-iiKtli  tlivse  yfTtvIs 
will  apitriir  only  lit  ibo  firnnilfr  r-Ipctrrnlf,  Simio  <>f  the  tnuiiy  tliii-ndH  itf  ciirri'nt 
rciiohiiifr  the  smailpr  rlfcrrr-do  from  all  pncts  r.f  tlw  hiirly.  will  iiro[>«»arUy  pnss 


FlO.   lOIt. — SclMriimtk'  rcjjri-m-iiialmii  of    llir  tiilr;!!")'  iuTu  aiit)  u'\U   (rum  ii  niuv*  o4  a  (m-FfCnl 
applioil  to  ilic  skill  over  tlic  ucrv'e,  aflvr  dt*  WiitU'i'Ilk. 

throuph  the  nerve  under  it.  The  effective  cathndc  of  Ihi*  rtirreiit  lies  where  these 
threndri  jinss  iiut  nf  llic  iili-vc,  iinrl  if.  ii:*  wv  have  ns-^iinH«3.  rhc  Hinnller  I'h'ctiHMk* 
is  rhf  cntinHli-,  iilber  (biiiK^  U-iiiK  i'i|inii,  iho  nirn'lit  will  hnw  il;*  Krenlcst  pnitsi- 
Wv  deimity  tlwH-,  If  the  currcnl  is  rt-vfrsttl  wv  llml  it  now  entiTH  the  body  by  tbu  ' 
aninller  elecLrude  (whieh  i»  «till  over  the  nerve),  the  places  wliere  the  Ibreacjs  of  ^ 
current  leave  the  nerve  enristiiutc  ii«  hefort-  the  efFeetive  eotlindo;  ihe  iJeasity' 
of  the  current  now  however  i«  lejw  tliaii  iii  (he  fii-st  case  (Fig.  105). 

The  polar  htiv  of  cjrilttlwn  appHen  aha  tu  tmisrlc.  lioth  with  the  eoiKitniit. 
ami  inductii'ii  ciirniit  (v.  lii-wdil.  h^ngelriiaiin.  Hiitlrrniann  ;  cf,  iiajT''  ll'l). 

We  have  a  very  instructive  proof  of  thia  in  the  "polar  failnrv"  of  cnHnta' 
ticm  Ui))c<>vi-n>il  by  i)ic-di-riiiniin  uiid  Knucliiiiiiin.  If,  fvr  example,  the  end  of  a 
trng'ti  sarliiriiis  mii^'elc  be  iiiiri'i-tiM-il  mid  ihc!  eiitlmdi'  be  applied  to  this  iiijurpd 
place,  uii  ebmin^  the  ciirrent  the  miisele  K^mniTu*  al  rest.  The  nonniil  nitisclc 
siihstniiee  is  not  sliintitnted  by  the  cbmiire  of  n  current  aa  it  passes  from  ihc 
normal  to  the  parab'zed  <ir  dead  mu»cl*j  subslatu'i.'.  ami  the  mere  pax^am*  of  A 
eurreiu  is  nut  )tuffii*ient  to  dinOianro  the  eonlriietinn  (Lucke  and  SRymiinnwski). 
Bimilar  phenomena  may  be  vlmwn  ou  upeniti^  of  the  eiirreiil  when  the  atrndc 
is  placed  nt  the  injured  place. 

E.    EFFECT   OF   A   RAPID  SERIES  OF  STTMUU 

If  a  nerve  or  n  nitipele  lie  afTi-eted  hy  two  stimuli  in  rapid  fiieefwsion.  sn 
ihnt  the  action  rewnlting  from  the  (ir»l  has  tint  yet  come  In  an  ertd  when  Ih*? 
second  lH'coiiie>i  oireclive.  Ihe  rt'IuTcal  ion  which  ivntild  olherwiM*  MIow  the 
fintt  contraction  h  iiiterrnjiU-d  ami  the  efTect  of  llic  second  stiinnliis  i>  tulAfti 
to  tlie  lirct :  eonscqiientlv  tlie  eontrnntion  of  Ihp  moBelo  is  greater  than  it 
commonly  would  V  a«  Il»c  nsnll  nf  a  ninjile  stimiiln*.  It  in  only  when  Uie 
load  of  Ihe  iniL-Tle  h  ven-  lifrlit  that  il  onntracts  a&  Btrongly  to  a  single  stiinnliiH 
as  to  rapidly  repeated  gtimuli  (v.  Frcy). 
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In  aumtnatfd  contraetiona  llic  iisM-iiiliiifc  limb  of  llic  sc(.'on<]  cmtrdclion  curve 
U  BlcopiT  than  that  ■■f  tW  tirst.  lit-inx'  llie  summit  of  iIm*  w(i>iii|  apiH-arn  earlier 
than  would  hv  i-xiK-fUd  if  itK  (■ounse  WL-re  tbf  wimu  a»  llif  tinsl  (v.  Ivrit?*).  Thw 
lutcnt  pvrttx)  of  the  super imptwed  eoiuraeiion  is  also  said  [■>  be  very  tauch 
sliortor  thuii  that  fnllowiiiir  iho  ttnt  stimulutf  (Fit>h). 

Ill  (inh-r  ihul  HiK-ci'^i vf  stimuli  may  pnoiluco  a  Aummatiuii  thvy  must  not 
follow  one  another  too  ra]>iill.v.  The  Hiiinllt«it  inU'rval  ixnitiiblc  for  any  iriren 
pn>porKliuQ  deiK-iiils  upnii  tht^'  l).'m|i<.-ru(un;  uiid  tlii*  cln-mcll)  of  thu  tttJULuli:  for 
tlic  iH-'rvia  iif  the  froK  at  nniinjiry  rcM<m  trniiwnilun'  it  may  lie  mlimatixl  at 
nbciuc  (1.001  lo  OMtTt  Mt.'oxv\.  We  hiivo  a  rffrarlorii  perinti  Ihi-n-fnrp  in  nrrvw 
nn<l  flkck'tiil  muHrlcfl  just  as  ire  have  iu  heart  musrlc  (of.  page  18.1). 

If  more  than  two  Krimnli  alTi-ct  the  ntTvc  w  miiitcU*  ftl  Kunificntly  short 
inltTvula  tht'  contrnptlon  of  tho  mii^o  Koronio?  iftill  greater,  and  il-s  curve 
is  pt-rfwllv  itonttnimiis,  t^hnwinp  no  separate  summits  (cl.  Fig.  lli(»).  This 
form  of  contmrtion  \>  cnlled  Uiar\u$. 

CitjmpVte  tclanim  npiieHnt  mily  when  ihc  stimuli  follow  one  minther  «o  mp- 
iilly  ihiit  Ihc  ititrn-nl  U'lwct-ii  tfat-ni  ie  !••»»  Ihan  tho  tiint-  wrupiefl  by  the  active 
»hort(.-iitiiR  of  the  muscle  when  that  is  maximal.     The  frequency  depcndt*  thnre- 
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Yto.  KW.-^l'rUuiiia  rurvr   iit  thr  fron's  f(«atriwnrDUua,  olUr  Ikilir. 

SMand 


'I'wpnty-^vrn  stimuli  per 


fore  primarily  upon  tho  bcbarior  of  Ihc  niu»cle  to  ninfflt'  fttimiili;  tho  mare 
riipiilly  »  sinple  rout r.ti-1  ion  rmi»  ils  (vmr«e,  the  more  frei|ueiilly  must  the  stimuli 
bp  eivf'ii  to  produce  (complete  telnnun.  This  is  bvaulifuUy  xhown  hy  thi-  behavior 
of  rotiKcleii  of  warm-blrwvled  animals  compcised  mainly  of  n"d  nr  white  filimt. 
Tho  rod  mUus  muRcle  of  thp  rnbhit  falls  into  almost  comiilt'te  Ictnniis  with  ten 
stimuli  |w?r  Meeoml,  while  the  wliitc  ^nntrofnfmiu>*  mnUun  with  llio  HJime  fre- 
qui'ney  <if  ^liinulnlion  (tives  vry  eviijenl  iiinKli*  rontrnelion*.  A  fn^^jueney  of 
BIX  Btimuli   |)cr  second    |H.-n»il»  the  white  muaele  to  n>hu  almost   eouiplotely 
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In  practicing  any  particxdar  movement  therefore  we  are  striving  to  bring 
about  in  our  central  nervous  system  such  a  combination  of  physiological  fac- 
tors as  will  accomplish  the  desired  effect.  The  more  complicated  a  movement 
is,  the  more  difficult  it  is  of  course  to  discover  this  combination.  But  after 
the  connection  has  once  been  established,  the  movement  can  be  carried  out 
with  the  greatest  case  in  almost  a  purely  mechanical  manner. 

Here  comes  in  another  peculiarity.  When  we  practice  a  particular  move- 
ment for  the  first  time,  we  use  a  number  of  muscles  which  have  no  impor- 
tance whatever  for  the  movement  intended,  but  rather  interfere  with  it,  since 
they  fatigue  the  body  to  no  purpose.  The  further  the  practice  is  carried, 
however,  the  more  we  learn  to  suppress  these  useless  movements ;  and  at  the 
same  time  the  respiration  and  circulation  become  more  and  more  exactly 
adapted  to  the  actual  needs.  It  has  been  observed  that  the  increase  in  com- 
bustion from  a  given  additional  amount  of  work  becomes  steadily  less  (down 
to  a  certain  limit),  as  practice  continues. 

References. — W.  Biedermann,  "  Electro-Physiology,"  translated  by  Welby, 
New  York  and  London,  1898. — R.  Du  Bois-Reymond,  "  Spezielle  Muskelphysiolo- 
gie  und  Bewegungslehre,"  Berlin,  1903. — A.  Fich,  "  Mechanische  Arbeit  und 
Warmeentwickclung  bei  der  Muskeltatigkeit,"  Leipzig,  1882. — A.  Moaso,  "  Fa- 
tigue," English  edition  by  Margaret  and  W.  B.  Drummond,  New  York  and 
London,  1904. 


CHAPTER   XVI 

ON    SBNSATIONS    IN    OBNERAL 

FIRST   SECTION 

QUALITATIVE  RELATIONS  BETWEEN  STIMULUS 
AND  SENSATION 

We  obtain  our  knowledge  of  the  outside  world  entirely  through  our  senseg. 
The  sense  of  touch,  taken  in  its  widest  acceptation,  teaches  us  to  recognize 
ihe  nature  of  those  objecta  about  us  which  come  into  actual  contact  with  our 
bodies,  and  gives  us  information  concerning  the  temperature  of  these  and 
more  distant  objects. 

By  the  sense  of  taste  we  can  distinguish  certain  properties  of  such  sub- 
stances as  can  be  placed  in  the  mouth. 

The  sense  of  smell  enables  us  to  judge  something  of  the  nature  of  the 
atmosphere.  For  certain  animals  this  sense  is  of  very  great  importance,  in 
that  it  furnishes  the  possessor  with  knowledge  of  prey  or  of  enemies  even 
at  a  considerable  distance. 

By  the  sense  of  hearing  we  are  made  aware  of  those  vibrations  of  solid, 
fluid  or  gaseous  bodies,  which  strike  the  ear.  Through  this  sense  we  obtain 
knowledge  not  only  of  what  goes  on  immediately  about  us,  but  also  of  what 
takes  place  at  a  distance. 

The  sense  of  sight  reaches  out  to  a  still  greater  distance.  By  its  help 
we  can  penetrate  to  the  farthest  point  from  which  light  rays  can  reach  the  eye. 

But  our  sensations '  do  not  all  relate  to  the  outside  world.  From  all  the 
organs  of  the  body  information  of  their  condition  and  of  the  processes  taking 
place  within  them  is  all  the  time  being  brought  by  appropriate  nerves  to  the 
central  nervous  system.  Some  of  these  messages  never  rise  into  consciousness, 
but  have  a  controlling  influence  on  the  functions  of  the  body  through  the 
lower  nerve  centers.    Others  rise  to  the  plane  of  consciousness  and  eventuate 

*  By  sensation  we  mean  the  simplest  possible  state  of  consciousness,  one  which  cannot 
be  analyzed  into  simpler  components.  But  a  sensation  corresponding  to  this  definition 
probably  never  exists,  for  psychological  analysis  has  demonstrated  that  even  the  simplest 
conscious  processes  are  really  composed  of  several  simple  sensations.  For  example,  the 
simple  sensation  of  sweetness  is  always  associated  with  the  feeling  that  we  have  something 
in  the  mouth;  the  sensation  of  a  color  likewise  is  complicated  by  its  projection  to  a  certain 
place  in  the  outside  world,  etc.  These  processes  in  consciousnees  we  shall  designate  as 
ideas. 

451 


424 


THE  FUNCTION'S  OF  CItOSS-STRUTED  MUSCLES 


It  will  be  understood  lliaf.  the  term*  weak,  medium,  and  utrotig  as  applirj 
to  Ihe  ciirri'iit  in  iliis  disens-ikin  do  not  dcsignnU'  any  ali.-wiliitL*  values  of  llic 
current,  since  vvliat  in  iiiediutn  current  for  one  ncrve-iiuift;lu  im'paration  may 
he  Ktrong  for  another.    Tlie  termti  are  purely*  relative  to  any  given  preparation. 

Tliis  pociilinr  behavior  of  a  m-rve-mu.-«^lo  pro  |m  rat  ion  to  currents  of  dif- 
fiTvnL  (slrenjrlh.  wliii-l!  finds  exprc-ssirm  in  tlit?  law  of  contraction,  depends 
upon  another  law  enunciated  liy  I'tliigor,  namely,  that  a  constant  eurrenl 


Via.  101  — CiiTi.-W'lrtiiriiiii>-.  'i'lio  TTHi'mK  in  tii  lir  r<-nil  friiin  ridlit  t<»  Mt,  Tim  iitrrvtt  wiu  Kr>A 
nliiiiiitnliil  ill  till'  ricigUtinrhiHHl  nf  llur  ralliiHli-  [>r  l.lic  |K>limciiii;  riirrt^tit  A'Jtli  nlimilli  Utu  «  rnk 
to  [*nNUi(.-f  Hiiy  ffTcH-i  wliilc  ilif  iKiUrizine  currL-nt  wa«  nut  ninninfC.  Tli(i  pulariidng  ourrpnt 
WAN  llii'N  lunii'il  oil.  iviiil,  witliiriil  I'liuiiKini;  thcntn-iiKtli  af  Uieiitiiiiuli,  Itkoy  bt'ciuiii?  tFTi-TUve. 
Wlicu  the  puLurudug  c-urrc-ut  n-tui  mfuiu  tunivd  qB,  iIlu  slituuU  wvwv  asalii  vubminjiiud.       ^H 

DO  titiiiiulating  actiuu  on  the  nerve  lietw<-'en  the  poles,  but  ue(K  onl^  al  the 
poles.    On  cloniuij  the  current  the  jitimutu.'t  vtartt  frutn  the  cathode,  on  opentn^^ 

fn/m  the  anode.  ^| 

TliiH  polar  hiw  af  errlfatlon  moy  be  illuslmtef]  by  tlio  fnllnwini;  t!X|>oriinei)tal 
faels.  If  iti  Ktiniuliitiii^  with  the  euiistmit  current  (he  elet^trinlfs  be  a|i)>Iied  to 
rhe  uiTVL-  an  fur  ii|>iirt  ii»  |ju»#iblc,  iljmJ  iLl'  lutvul  jicrioij  vf  llic  cl<»iiLK  CMUtrae- 
tiunH  be  (l(>l*TMiint'(l  bmh  f<ir  (hi^  ii!<i*<>iulinft  niid  di>»uL'niliiii;  currutit^,  we  Had 
thid  period  Id  bu  loiitnr  fur  ibe  foniit-r  iliiin  for  the  luinr  (v.  HtT-nId).  With 
th<'  dosirnrliiip  currfnt  thr  cnthtnip  is  iiPiirrr  t\w  muwlc  than  with  the  asocnd- 
iiig  ciirn-ril ;  h*-iirt?  the  {■tiniulu*  hn"  a  tdiurtLT  dintaiii'i-  to  travel  tn  reach  ihe 
muficlp  with  thp  fonner  than  with  the  Intter.  In  a  dimilar  wii.v  it  con  be  nhown 
tiiMt  the  ittiiiiuluH  tilurlH  from  tlii-  iinodi.'  when  the  ourn.-iit  h  broken.  ^h 

TIh'  tatv  of  r.»ntrariion  may  he  illiislrnird  by  carryiiiK  the  rxiKriment  f*^| 
thcr.  Thu.s  if  from  the  dctcpminalioiis  uf  the  Inrent  pc-riori  jnst  mcMilIone*^ 
Ihe  ralo  of  trausmlfsiim  of  the  litLiniilu."  hv  i-»K-ulatfd.  it  will  be  found  oonsider- 
nbly  lower  thmi  ivbi-n  it  tn  dcleirtiined  mi  the  8»ime  iieni-e,  by  Ihe  nielhcid  (d<- 
beribed  on  pawc  -HV)  of  Btiiiiuliiliiip  at  two  ptdnts  witli  the  iuduclinn  eur- 
rt!iu.  The  reawm  in  that  with  the  BSd-iidinK-  currLinl  the  titimuhif  on  its  w«y 
In  the  miisrlp  has  rxiirnrncpd  some  rpsistnnrn  at  th:-  anode.  This  rediMlance 
varicjt  oniiAiderMbly  in  amount  aooordiii|i  to  the  strength  of  the  aTimulating  cur- 
rent. When  ihe  rnrrent  is  weak  or  <:f  meHium  strcnplh  the  stimulus  at  Ihe 
cathode  i>n  elnsiiifr  the  current  is  Htrori^r  ennuKh  to  uvercoine  the  resistance  at 
The  nnnde.  But  when  the  current  is  stronp  the  resistance  at  the  anode  is  Inn 
frn>Ht  t(i  hi-  iivcrcomc  by  the  ritirnnlus  at  rhe  catlinde.  and  it  conslitnies  tlierefore 
n  complete  h^nek.  Tt  ran  he  shown  als'o  that  when  ihe  cathode  intervenes  between 
the  aimde  and  Ihe  muscle,  il   creHtc*  a  n-Mi^tfince  to  tlie  anodic  ^limidna. 

The  polar  law  of  excitation  was  deduced  by  riliij^r  mainly  on  the  Kr^^ui 
of  the  flUcrnlions  in  cxcitabilily  produced  in  Ihe  nerve  hy  a  con-stnnt  currei 
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Whilfi  the  current  is  llowiiijj  tin-  exntahiliiy  in  increttxed  nil  l»i)lli  ^'uXqa  of  tho 
ctttbtxle;  on  both  eidM  uf  the  auoclt*  it  i»  dccrfUMrd,  TliL-do  ullunilioii.-^  a|ip(!ar 
iniinflintfly  (williln  O.dOlKlT  si'i-oml  tit  aiinsl)  utter  cliwiiin  llie  current.  In 
Ihu  iiitnipolar  rej^toii  '.Ihti-  iw  rinniil  ini  inililffrL'iil  point  whi-re  the  e\cita- 
t>iliL>'  of  lliu  iitin'u  18  not  changudi ;  and  as  the  c-ntt:«lHnl  current  increases  in 
strength  llii*  |»oinl  movw  toward  the  cathode.  At  the  same  time  the  extra- 
pnlar  akerntinns  of  f\-rilfll>iliry  spi-eiul  nver  liivnlor  IrnpthiS  of  th<^  nrrvr, 

]*tkewis(i  (liiriri;:  (he  firt^t  few  iiiniiienl^  afler  Ihe  vuiTciit  is*  opeiiol  alliTa- 
lions  in  the  excitahility  ap|H'ar,  bnt  they  are  just  the  reverse  of  those  whicli 
occur  while  ihe  cnrrent  is  closed — i.e.,  reduced  at  the  cathode  and  iucrca^'d 
at  lliu  aniide. 

Theic  ultL-nitioiia  may  be  studied  in  the  fdllowhiR  manner.  A  nerve  is 
Htiimilnred  rh.vlhmieidly.  my  nnce  n  seeonfl.  wilh  a  eiiriviil  of  eniifltiint  Htreiinth. 
and  ihe  rfiiilrinc  eimlrnetinii»  nir  retvinicil  in  the  ii.-iUol  manner.  H  now  while 
ihe  MtJiiiulHtiiiii  iM  K"iiiK'  <>■■  at  the  n-eulnr  rhythTii,  ii  coit^titiit  rurn-nt  Ih-  led  into 
I  In.-  nerve,  and  the  stimuli  fall  in  the  iieiKhlxThoml  of  the  eulhode  of  this  cur- 
rent, the  ei)iitraetii:ini>  iii  oiiee  bi'euine  atn)ii(rer;  if  ihe.v  fall  in  iJie  ntMKhbiirhtxxl 
of  tli<'  iiiiittle,  llie  eoiitrnrliimii  det*r<*ii«P  in  siw  and  <liHai>pear  altngn'ther  {flce 
Figs,  mi  and  Ifi2).  When  the  current  beinii  lol  ihrounh  the  nerve  is  broken, 
erintniclinnK  frnm  DtiTDiiH  npplit-tl  at  the  enlluMlf  W-enme  mnaller.  thnae  from 
stimuli  111   the  iiiindc  becmiif  hirpiT. 

The  increase  i-f  excitability  at  the  enth^ide  while  the  current  is  cloM.-d  noon 
fniU  and  pn-sycs  iiver  inlu  u  depre»iLil  eondiiion,  wliirh,  uf>  Binlermann  obwrves. 
in  jmibidiiy  the  csprtWBinn  ef  a  lornl  fHtipiie  of  rhe  nrrw. 

Till-  plicTininciin  emiiprehended  under  ibr  law  of  crt)iiractir>n  may  ib<n  be 
exphnneil  ihroiiRh  the  taw  of  pnlnr  cxeitiition  lis  follows:  Weah  currenfB  give  a 
elinKiuir  eoiitnietitm  beeuUM.'  when  the  current  ia  clomil.  the  sudden  rise  in  irri- 
tability (if  the  nerve  at  the  iiithoile  is  irreat  eTion^h  tr>  t'onstitutc  a  slimuhis  of 
itsidf.  The  tiliniuluit  i«  effective  wbether  ihe  eurrent  be  nncendin([  or  descend- 
iiij(.  for  in  the  one  ease  the  cathode  is  townrd  tli.-  niUM.le.  and  in  the  other  ibe 


I'*lrt.  102. — AnHf^-lntlriiiun.  Tlip  Iracinji  Ut  hr  n^tl  (roiti  nRhl  ro  left.  A  t^-rira  of  Ktirriiili  jiwl: 
wlrunB  •fiouc^i  lo  (iriKluiT  iitiKhl  i>fMitr«ciioD.-i  wm  A|ii>li'\l  in  tkp  nciKtilxiHiixji]  tif  tlir  iuiimI« 
for  tlii^  (■"'■■'''■"K  ourmil.  Wlim  llir  (^litnoiriii  riitmit  «>■>•  lurniiil  un  tlir  nliiiiuli  lioraine 
inrlTi'otivc.     Whon  it  wim  krhh  Itiniwl  nff  ihi:  aiimiiU  niDUii  bt-r»iiw  pffeirtivc 


rcBwtanee  m  the  anode,  dne  to  the  decrcnsp  in  irritnhility,  is  not  irreat  cnmigh 
lo  block  the  stimulus.  The  nudden  inereaitc  in  exeitahihiv  priMluear^t  in  the  ncrro 
at  the  rniMie  wlien  the  current  is  broken  is  nol  yet  sufHoieiit  lo  cxiwtilttle  a 
■tiniuluH.^\Vith  the  mfdium  current  the  increase  in  excitability  at  the  cathode 
nn  ehi«iTip  and  at  the  nilotle  on  o|icniii(r  are  liolh  snfReient  to  produce  n  stimuluti. 
and  in  neither  ease  is  the  op]i»wilc  poh-  *tn>iiK  enotiph  to  block  it.  The  atronff 
eurrenl  is  diftiiiuiiihlKxl  frmi  the  nie<iium  by  the  eircum»tanec  that  while  the 
current  is  cIosmI  ihc  n-siHtanw  ut  the  oiiodc  i*  utmnpcr  than  the  excitation  nl 
the  ciilhodc  and  ricf  I'frnu  when  the  ciirrenl  is  o{M*nc^l.  Conseiiucnlly  wilb  the 
nacendin^  current  the  excitation  started  ai  Uic  cnlfaode  umnut  break  diroUKh 
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It  vil]  bo  understood  that  tliu  terms  waik,  medium,  and  strong  as  applied 
to  the  currettt  in  this  diseussion  do  not  designate  any  alisolute  values  of  ihc 
piirrftnt,  muv  what  is  nmdiuni  ciirn^nt  for  one  nerve-miifnOe  pn'paralion  ma 
lie  strong  for  iuiolhyr.    Tlie  tvrim-  are  purelv  relative  t"  uiiv  giveu  prvparntiw 

This  pcoiiliiir  ln-havior  uf  a  nerve-mu-*ck'  preparntioii  lo  currenU  of  di 
ferrnl  rUreiijrlh,  whi<-h  finds  pxprpwion  in  ilie  law  of  fnntrnotion.  tlt^poni: 
upon  another  liiw  vniiiicijilod  by  I'liiifivr.  nurnely,  that  a  constHiil  current  hi 


Fitt.  161. — Cutdpctfutoiia".     Till-  Imoint;;  U  tu  hv  ri.-iMl  [rum  riglit  i*>  li-(i,     Thv  nerve  wna  fl«i 

Btiniiiliil'-iil  ill  I  111*  iLrii;MHirliiiiiil  iiI  llii-  cFilliinli-  of  tin'  jniljiriziliK  cum-llt  Vritli  atiiiiuli  Inn  «■ 

tu  prijiinct-  uiiy  Hfi-ci  wliili-  ilu-  piuiiiriziiii;  (.'urri-rii  wii»  nut  nuiiiiiiK,     Tin;  ]H>lnriciii|;  eu 
wait  llit-ii  (iiriicl  I'll,  iiii'l.  Mjll-iiiiil  <-ti>ii\|ciiiK  rlic  pln'ii)(tli  uf  Ilti.-Htiiiiuli,  llit-y  Imviudp  HTt^i 
Wticii  tli«  pulurifiiiij  rurrviit  wdm  njciiin  lumtsl  off,  tjiv  ilimuli  wvru  HCuin  mibmifuoial. 

jio  slimiilatiiig  at'tion  on  the  nerve  Ijctween  the  poles,  but  acts  only  at  t 
polos.     On  tittsiity  tke  current  the  stimuluji  starts  from  the  etUKotie,  on  openinj 
from  the  anudv. 

Thi»  jHflar  law  of  est^itation  may  Iw  ilhiKlratrd  b,v  \hv  follciwiiiK  (•X|XTiuu'n 
facte.    If  ill  :i>lit[iulutinft  with  Uit-  coiii^Uuil  ^'urrL']]!  the  eltwirvdcs  bu  apidit'd 
the  iK-rvi'  an  fiir  apart  as  put^xibk'.  aiitl  Ihf  Intent  iM^>ri(id  uf  thv  i-hwinif  contra' 
titms  be  (leU'riiiiiie<l  Iwilii  for  th«^  HweiiilinB  mid  dwstHriidinu  rurronts,  we  fii; 
this  pt-riod  to  be  Kiiifcor  for  the  formc-r  than  for  the  latter  (v.  fVxfdd).     Wi 
the  (lf-.tr<'niHiiK  etirrent   ihc  I'litliodo  i^  nciin-r  the  iiiii.'<4-Ie  than   wilh   ihc  a^ctrm 
iiig  curreiil ;   benre  ibe   Bliniulus  has  a  (ilmrter  dislsiK-c  tr>   tniii-el   to    rcuch 
niUHcle  wilh  iIk-  furiuer  thiiii  wilh  the  bilter.    In  n  ^iiuiliir  way  it  cuu  be  sbo 
that  ihf  sti;iiiihiH  talaris  fr*im  il«-  aiKnie  wlii'ii  ibp  eurn-iil  is  bruk(>n. 

The  law  of  rnntrartion  may  bo  ilhifttrnted  by  unrryiiiB  the  nxpcrimpnt  (a 
thcr.  Thus  if  fmni  the  dcfertninalif»ii»  of  the  latent  period  just  tnentio 
the  rate  of  Traiif^niii^Hkoii  nf  the  Ktiniulu"  be  ciib-utatetl.  It  will  he  fciuiid  «*ni)9idr 
ably  luwer  thau  when  it  ie  dL'tenniiied  on  the  snine  nerve,  by  the  nu-thnd  ( 
soribed  nii  pjiRc  41T>  id  Kliiiiuhitiiie  ill"  iwi>  puiiiis  with  the  iiKliif>iii>ii  cur 
rent.  The  n'aHnii  is  fha1  with  thn  flRreiiHinir  eiirrent  the  t^timuhm  on  it« 
to  iho  miisele  has  oxiirrieneed  ixime  rpsistaiiee  at  the  anode.  Thi»  rv-sistam 
varies  e(insider«li!y  in  amount  aecnrdinK  tu  the  stnnntb  of  the  slimulatinK  en 
rent.  Whi'ii  llie  eurwnl  i»  weiik  or  uf  nii.'dinin  sitrenitth  the  Ktiinulii^i  at  X 
cathode  on  closiuR  ihe  current  is  stronK"  enouKh  to  overcome  the  rusUtance 
Ihe  auode.  But  wlieii  the  current  is  strtmB:  the  rosistancc  at  Ihe  nnnde  in 
[frrat  to  bo  overcome  by  the  liiinniLntt  al  the  cathode,  and  it  conRtitut«t  then>f< 
n  eomplete  hlnck.  It  i-ari  be  iihown  iilstt  ihol  whi-n  ihe  oilbcwle  intervenca  hct\n' 
Ihe  anode  and  the  muscU'.  il  creates  a  reaiHlance  to  the  anodic  stimulus. 

The  poUr  law  of  exeitHtirin  wtis  deilirtfd  by  Pfliiger  mainly  on  tbr*  grout 
of  the  alterations  in  cxcitflhility  prndnced  in  the  nerve  by  n  constant  cm 
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While  llie  rurn'iil  is  tliiwiEi^  llii-  rrritabititt/  in  incrniM'd  on  lioth  KitUy  of  the 
cnUnxlv;  an  IjoIIi  fiidtv  of  the  aiiotlt'  it  is  decreased.  Tliese  all*; rations;  n|tp«'ar 
jiiiriuiHiilily  (willirii  o.Oiinir^  hwnin!  at  ni<»sl )  after  i-ln-iiif»  iJie  ciirrvnl.  la 
the  inlmjjohir  ii"gi<iii  •.Iutc  in  found  an  inditffrt-nt  point  whu're  the  oxcita- 
bilily  of  (Iri  iiltvc  ik  not  clumgal ;  niul  an  tlip  oiiiwtftnl  current  tncprases  in 
fetren^th  [U]^  point  moves  townnl  ilnr  nitlKHk.  At  tlio  same  time  the  extra- 
polnr  nltiTfttioti*  of  excilahility  spread  f«or  yreater  Icnptli-  nf  the  nf^pvp. 

Liki'wiw  iliirin;;  iIil'  iirsl  few  mnments  after  llie  ciirri'nt  i^  niMMn-il  iiUcra- 
ttnnti  in  till?  excilHliililv  appear,  bilt  they  are  just  the  reverse  of  Ihot'e  which 
oeciir  wliJle  the  eurrcnt  in  closed — i.e.,  n.Hluc»*d  at  the  t*atliiMle  and  incrcaaod 
at  the  aiKxle. 

ThcHi-  iiIi(>rHti(>ii8  may  bo  atutlicHl  in  the  fullowiiur  mnnner.  A  nerru  ia 
HtimulahHl  pliylliinipiilly.  sny  uncv  a  sf<Mnil,  wilh  u  current  uf  ODri^tnnl  slreiicth. 
ninl  thr-  resulting  I'lUitrnctioii*  are  rt'i'iTiIcI  iti  lin'  ii^iml  mnniKT.  If  now  whik' 
llie  Ktiiiiiihilion  is  KDiiip  (ni  at  the  re»;ulur  rh.vlhm.  n  <.*inii«tiint  current  he  leO  into 
Ihi'  iierve.  and  ihc  i<liinuli  fall  in  Ihe  tieitrhborhood  <•(  llie  efilhode  of  this  eur- 
rt'iit.  rlic  eiinlraetiuiiM  at  uucv  lH.-c'iiitu>  etrittii^cr ;  if  ihiy  full  in  the  iieiirhboHKKKt 
nf  ihi'  hikhIl',  the  contrnrtinns  d<vrefl-*r  in  siw  and  disnppenr  flIl<iB<'llior  (ww 
Fijw.  Ifil  and  102).  When  the  current  beinK  U-d  thrnUfih  the  nerve  is  hrolcen. 
i'ijntrnt-lioii-4  fritrn  ntiniiiti  iii>|>li<-il  n(  llit*  vhIIiimU'  lict-onu'  smaller,  Ihoiic  fruni 
Hlitttuti  u(  Ok-  utindc  become  hir^vr. 

The  increase  of  exeitabilily  al  ihe  eathrxle  while  the  current  is  closed  soon 
fiiiirt  and  pu»Kt'<)  r)ver  into  a  dipn-«j*ed  eoiiditiin,  whii'Ii.  u«  CicdcrmMin  observes, 
i.-i  prithnbly  thi^  eitprei*ion  of  fi  InenI  fatipne  I'f  ihc  nrr\*p. 

The  phi'immi-nii  iT'iuprtlimdc-d  undi-r  the  biw  nf  eoiitraetion  may  ih^n  be 
exxilniued  ilirou«h  the  law  uf  polar  exeitiition  a?  foUows:  Weak  rurr«nf*  givi?  a 
HobUik  eitntructiipn  liiK'ausif  whr-n  the  ciirretil  is  chi«ei].  the  sudden  ri*e  iu  irri- 
tnbility  of  the  nerve  al  the  eathodc  is  jrreal  rnouph  to  eonatitule  a  Blimulus  of 
itself.  The  Dtimiilufl  is  cfTcptivr  wlMfliT  ihc  eurrcnt  be  niwendtn^  or  dejwvnd- 
iiiR,  fur  in  the  imc  euse  the  cftlhodc  is  tnward  i!ic  muscle,  and  in   the  olhcf  the 


,LLU_: 


Vm.  m2, — Anntri'trnttunis.      Tim  IrniHii);  to  br-  ntn\  (rtiin  rip^if  (o  Wt.     A  wrrit-i  nf  Ktimuli  ju*! 

fur  llir  (Hiluriiinjt  riim-iil.      Wlivn  liir  putaruini;  curmil  wnit  tiintnl  on  llif  stiitiiili  brwMue 
Incflfrplivc.     Whm  it  was  acain  itimni  off  Itiv  niimuli  amiii  tKvaiiM'  vfltvii^-v. 

nwiAtanee  at  the  anode,  due  to  llie  dprmiM?  in  irritfibility.  is  ntit  irrent  enoiif:h 
lo  bhw-k  the  MtimidtiA.  The  sudden  increase  in  exeitahililr  pmdueed  in  tho  iiorvo 
at  the  uniwlc  wIk-d  the  eurrenl  i*  bniken  is  not  >■*•!  suHicient  to  rim<«tilul<>  n 
stimulus. — Wilh  the  mriHum  current  the  inereittw  in  vxeiliibilily  ut  Ihf  cutlnMlc 
on  elnninfT  nnd  nl  the  nnode  on  npcnini;  arp  both  r'uffirlent  to  prtMluet'  n  Hiimnlus. 
and  in  neither  case  i*  Ihe  njipof^itc  pnli*  ninrnft  ••rt'HiRh  to  bbu'lc  il.  Thr  »lrong 
current  is  dislinKuisht-d  fnjn  the  in<*diuni  by  the  pirrumxlniif«'  that  whilr  lh<» 
euTPPnt  is  eUi.'ieil  the  re^ismnre  nl  ihe  anide  is  «m'it|ier  ihnn  the  exeitntion  at 
the  eiithi'dr-  nnd  riff  versa  when  the  rurrent  is  opc-ni-*!.  f'onH'ntifiitly  with  llie 
nseending  eurrenl  the  excitation  started  at  the  eatbudc  cannot   bn'nk  through 
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It  will  be  untlorstood  that  ihc  teniw  weak,  mediitm,  and  alrong  us  applied 
to  the  current  in  this  dit^us^inn  do  not  dt>sigiiatQ  any  absolute  values  of  the 
currout,  (*iiicc  wliat  U  mudhim  curreut  Eur  (me  iiyrvL'-musde  prc|jaration  may 
bi'  itron;;  for  iinottier.    The  ti.*niis  are  purely  relative  In  :im'  j;ivcn  preparation. 

Thit:  pei'uJiiir  ln-liiuior  nf  a  iierve-nimrle  proparation  In  inrrcnls  (if  dif- 
ferent i^lrenj^li.  wliit'h  finds  t'SprBS^ioii  in  iIil'  law  of  contraction,  dt-petids 
upon  anothpr  law  enmiciated  by  rHiiger,  namely,  that  a  constant  current  has 


Flo.  IHI. — C»<Hi'c(roloiiUK.  Tlic  Inicing  i»  lo  hv  n-ml  (r<mi  rigli!  lit  li-tl.  Tlit  nwvc  wiM  Biwl 
fitimutaiixt  inilK^nfifiliborliond  of  tht'cnihtxdt'ul  ilio  ixfliu-iziiijt  currc-iit  wilhatiniuli  toowrak 
tu  |itimIuc<--  niiy  i-ITfcl  wrhilr  1  lie  puliLrizirii*  currt-iil  wiw  not  rijiiniiiK.  Tlii-  iHilnriiiiii;  ritmmt 
waa  Ihi'ii  liirn>wl  on,  utitl,  wittiaut  diHiiciiii!:  tl>f  slretiEtti  a{  tlii;  stimuli,  llic^y  iNH-ikiiio  tffoctive, 
Wlii^n  thn  iMilnrixing  <!iLm'tit  wiut  aitniii  t.iiniin.1  ufT,  llu-  xlimtili  wcrv  oKniii  autjiniiiiitutl. 


no  Hiiniulatin);  nctiou  on  tlic  nerve  between  llie  poles,  but  act«  only  at  the 
jiolcK.  On  vhmntj  the  current  ike  stimulus  starts  from  tke  caihode,  on  opening 
frutn  the  anvde. 

TUis  polar  latt  of  excitation  may  bo  ilhirtlrnlcci  by  (he  followinK  rxiRTimcntal 
tacts.  If  in  stiiriii1»tiiiK  with  (In-  cuiixtaiit  currenl  Ihc  cb-rlrcHit-s  1m-  ii)i[tUi*d  to 
the  iit-r^'c  »»  fur  aimrl  «»■  pussibl*?,  iinil  tht  iHtciit  |ieri(nl  *if  llu;  c'K).Hiiig  coiitrat;- 
titmH  be  dctcriiiined  both  fur  the  u^-ciidinic  and  dutccndiiiK  currL-uls.  we  Und 
ibis  piTii'd  tu  Imt  [imttvr  for  iht  ft»nin'r  than  for  ihc  lallcr  (v.  HcznItI).  With 
the  licscfiniiiKT  current  ihc  cjilhode  is  nciircr  iHl'  niii'*clc  iliuii  with  IIm"  ojwt'nd- 
inir  ourri-nt;  h(.-no«  the  t^timuhi^  has  a  shorter  disranc-c  lo  travel  to  reach  the 
iiuiscit?  with  tin-  former  lliiiii  with  the  Intlcr.  In  ft  nimilHr  wii.v  il  cmi  be  sliown 
ihiil  the  HtimuUis  stnrts  from  the  Hnmle  when  the  current  ic  brfiken. 

The  lair  of  rojitrnciion  iiiiiy  be  illutKrnted  l-.v  e»rr.viiiB  ihc  experiment  fur- 
ther. Thui-  if  fnim  the  (ItterniiiiiilionH  of  the  liUi-nt  period  just  mentioned 
the  rate  of  imn»nii»sion  of  the  stimuhi:*  be  onlpulnrcd.  it  will  be  found  consider- 
ably lower  than  when  it  i«  detemiintcl  on  the  saiuo  nerve,  by  Oic  luolhod  (de- 
wrilx^  on  ]mf(f^  417)  uf  stiiinitntiiiK  nl  two  iioitilx  utlh  Ihe  Induction  cur- 
rent. The  reason  i»  that  i^'ith  the  aKceiKliiiR  current  tht;  islitnuluB  on  it«  way 
to  Ihe  niuwlc  has  ex|R'rietieed  :toine  re?«i^1l■l1cc  iit  the  unode.  This  resistance 
varicM  cinwiderably  in  nmniint  accnrding  to  the  Btrenylh  of  ibc  ^ttmnlatintr  cur- 
rent. When  the  current  i-t  wenk  or  ef  inedium  Rtreiijrih  the  stimulus  nt  the 
cBthinle  on  closinp  the  current  is  Htrong*  enough  to  overcome  the  resistance  «t 
llw  HTiiMle.  Bill  whi'ii  the  current  its  slrunK  the  n-M^ljiiice  nt  the  nnoHe  is  loo 
lirPRl  to  be  overcome  by  the  Htiinulus  at  the  caihode.  and  it  constitutes  therefore 
a  complete  block.  It  can  fw  shown  «l«o  that  when  tlie  c«th<ide  intenrf-nes  bctwcra 
the  anode  and  the  muscle,  it  creates  n  renifitance  to  the  anodic  stimulus. 

The  polar  Inw  af  excitation  wa>*  dc<liie(.t]  hy  l'lUi;icr  tnainly  on  the  proTind 
of  thu  ulturations  in  eiicltabilily  prodiieud  in  the  nerve  by  a  cont^taut  current. 
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While  lliu  (lurri'iil  is  tlfuwin;;  llu"  erciliibilittf  w  inrrpujtrd  on  Ik»I1i  Bidc^  of  the 
catiindf:  on  bulli  sides  of  Uie  aiicKli-  il  is  lierrreaseU.  TImw;  alterations  uppi-nr 
iiiimcdiiilrly  (wiiliin  (l.nillKtV  swunl  at  rmwl )  afli-r  rtoMiij;  i\w  t-urrviiL.  lu 
the  mtrii|)()liir  n-giitii  '.lirTc  ]»  fmiiiil  an  iiidilTLTL-nl  jMiinl  wluTf  tlip  excita- 
bility of  ilii'  nerve  Ik  nol  chaij;,'Lii;  and  as  the  cfiiuiant  tnirrcnt  incrcasea  in 
slrenjith  this  point  moves  toward  :hv  irtithodc.  Al  tlio  Biitiie  time  the  oxtra- 
polur  iilUTftlions  of  pxcilfiKilily  siiread  over  trrenlor  li'n;.'th?i  nf  (he  nerve. 

Likewisi'  during:  llie  til:'!  few  inniiit'iit*  after  the  eiirrent  ii*  npenwl  iillera- 
tions  in  the  exeilnliilily  iippear.  but  they  nre  just  the  reverse  of  those  which 
opeur  whili!  the  current  \a  cla-wd — i.e.,  reduced  at  the  cnthode  and  increased 
ut  Ihu  anode. 

These  idtermioiiH  mny  bo  studied  in  the  (ollowinp  nuinner.  A  nerra  1« 
stiniijlnteti  rh.vthmieiilly.  nay  nnce  n  sccdiiiI.  willi  a  current  nf  constant  strongtll, 
nnd  ibc  rosiihinB  cnntracfiooa  iirt'  reconlol  in  Ilii'  iimuiI  tmumer.  If  now  while 
ihi-  Htiniiilaliiiii  is  k'^uur  nti  at  thn  reuulnr  rh.vthni,  n  eoiistntit  eurreut  be  kti  into 
the  nrTve,  and  the  stimuli  full  in  ihi-  in-iKhborhooii  of  ihi-  c-iilhode  of  this  cur- 
n'lit.  die  eoiitrtieiionit  at  once  bfconu?  mmnct'r;  if  ihey  fall  in  the  ntnKliborhiKHl 
«if  IJM'  aiKidi-,  the  eontrnrtion.t  de^'rense  in  *\zr  and  di^tAppeftr  nhofp-thrr  (rp** 
Fi^s.  Ifil  nnd  Hi2).  When  the  current  being  l«i  through  the  nen-e  it*  brolcen, 
enntraelieri!'  frtmi  Htiniuh  iiiF[>liei)  nt  tin*  rnlhniU-  tM^-niUf  HinAller,  IboRe  from 
Hiimuli  lit  Ibc  ari'^de  bfcnme  larirer. 

The  incn-Rsc  of  I'xeitabiHl.v  nt  ihc  eaihcnle  while  the  current  ia  closed  soon 
fails  mid  pHwiifl  over  into  a  di'prrBM-d  condition,  which.  n«  Biedcruann  ohftorvea, 
is  pri'biibl.v  the  expression  ff  ii  Inenl  fntipue  of  ihe  nerve. 

The  phennnunii  coniprilniiilnJ  under  the  hiw  of  contmetion  inaj-  then  b« 
ext^Inined  ihrouffh  ihe  luw  uf  polur  eicitaliou  iih  feUows:  Weak  currenli  give  a 
rhisiitif  eontriiction  iMx-atise  when  thp  curreiil  is  eluned.  the  sucldcu  rise  in  irri- 
tability of  the  nerve  at  the  cathode  i.t  frroat  enoufch  to  constitute  a  ntimulu;!  of 
ilwlf.  The  !)timulufl  la  effective  whether  the  current  he  nvendin?  or  dcinecud- 
iiift.  for  in  the  one  cn!«e  tlic  cAlhodc  is  lowArd  the  uiu>cle,  and  in  the  other  the 
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Flo.  102. —  Ajirl»*'1mtotmB.  The  trmcinic  lo  b«i  niui  tram  riRlit  to  Irfl.  A  SMira  of  stimuli  jint 
fltroiiK  rmiHiih  lo  priHliin-  fJiKlit  (H>iilrArlin«u  wrrr  nrplKil  in  Itir  nrishbofliuml  ut  llii'  uiotle 
fcir  the  (HiliiruinK  riinvni.  Wlu-n  lli<^  (mlikruiiiK  t-iirrcnl  wiu  turtml  ihi  IIh.-  ■tiinuU  licrMiitt 
ln«flcclivc.     When  it  was  itiClun  lumr<l  oil  ili<-  Fiiniuli  noin  hccMnc  cITpciiw. 

rMifltniiee  at  the  anode,  due  to  the  dii'rcnse  in  irrit«biIitT.  ia  not  preat  enough 
to  Mock  the  M(inndii.4.  The  sudden  increase  in  excitnbililjr  p«)tlue«Ml  in  tho  n«TVc 
at  the  iMiode  wlieu  th«'  eurrenl  iw  broken  i*  iiiir  j-el  Kiiflieieiit  to  omstilulc  n 
8timutn»i. — With  die  mnlium  current  the  inereaw  in  oxeitHhilit.v  nt  the  cnth-Mle 
on  cliiHinfr  nnd  nt  the  anode  on  openini;  are  lH>rh  HiifFieient  to  pnHlu<t'  a  i^timulun. 
and  in  neither  cnm*  i«  the  opposite  pole  strong  enough  to  btiH-k  it.  Tht-  strong 
currrnt  U  disrintniii^hiHl  fn^in  the  medium  by  the  eircuniwtanc^'  thnl  while  IIm* 
current  is  ebiKed  the  rcsislanee  nt  llie  nnnde  i«  BlroiiKer  than  the  exeiliilinn  at 
the  cnthtule  and  riW  ecrso  when  the  current  in  o(M-ne<i.  ('(tuM-qucntly  witli  the 
BAcending  current  llie  excitation  started  at  the  cathode  caimut  break  Ihruugh 


426 


THE  FUNCTIONS  OF  CROSS-STUIATEU  MVSCLES 


the  anotlo,  and  the  ctosliig  contraction  is  n-unting.  With  the  desccndinfc  cur- 
rent tlie  cxcitatiuii  stttrtt-d  Hi  Ihv  atiodt-  mii-tw  witli  a  rcsiHlnnce  at  the  cathode 
whiL-b  may  or  may  not  complett^ly  block  it;  bcucu  the  upviiiuK  conlracttOD  either 
fail^  ultutiflliLT  or  in  K^L'utly  diminiahi'd. 

Kxactly  the  same  laws  huld  for  the  induction  currents  ^  for  the  constant 
current.  Tlii^y  also  t-liiiiiiliit«  at  the  calliodL"  hh  they  ii|i[if.'(ir  and  rtt  the  same 
time  product.'  a  rvsistance  al  the  anode.  When  tliey  are  strong  enough,  they 
have  a  Htimitlaling  cITcrt  altto  as  thi:>y  di^uippear  and  then  the  Ktimulua  starts 
Uom  the  anode. 

The  fuft  ihut  ilic  in<)u(-ii(iii  curn-nljt  iimdiic-i.'  a  reaisintu-c  at  thi-'ir  anode  is 
demonatratwl  by  the  fnllowinK  cxpprimpnt :  n  nerve  h  ^timulareii  with  aaccnd- 
inK  induction  ourrcuta  which,  heginniug  with  very  weak  ahocks,  are  gradually 


TlO.  103. — Sl!riiiilnUi>ii  ui  a  nrT\  c  liy  n  Koriiii  (if  aitrr'iiilinii  Ruikr-  niul  ili'>>rt>ii<l)iiR  bmUc-ifKluBt 
■hitrko  at  jnin-nMiui:  ifirtiigtli.      In  b»  ti^aiI  from  right  t<i  U-ft.      Ilic  liml  i  iintnM:'lion  u(  i 
pttjr  van  ohiaiiifvl  by  th<-  aA«>i.iiiliiiK  cliwiriK  ami    ih«   tN>rond  by  ihe  d(«v(indit4{  opening 
iihiM'k.      T)ifTc  arr  iin  "gnpn"  in  Llw  liilfrr  -iiTirs 

increased  in  ^treiiKlh  <Fiflr.  163).  The  heifrhl  t>f  the  contraetiutia  nl  first  incrBORTR, 
but  aflfT  n  limt'  dpcrea.'»cs,  nrirl  vi'ith  a  ocrtain  strength  iht^  musclp  rrmflins  nt 
Fpat  (Fijr.  H):i:  X<w.  II-IS).  If  iht'  strmrEth  of  the  whiK-ks  l>c  rnifie.)  ^itill  fur- 
ther, coiilructioiiit  iip)M-Hr  Hjttttii,  which  at  fir-t  arc  weak  (Niis.  19,  20),  hut  pradu- 
alif  bectjoie  stronger  until    tht!.v  finally  may  become  aupramaxiinal.     With    a 


SENSATIONS  OF  TEMPERATURE  459 

The  presence  of  different  temperature  points  has  heen  established  not  only 
by  uso  of  the  appropriate  temperature  stimuli  but  also  by  mechanical,  electrical 
and  chemical  stimulation. 

Tlie  sensation  which  is  produced  by  stimulation  of  a  single  temperature 
point  is  not  "pointlike";  instead,  one  experiences  a  sort  of  irradiation  of 
ihu  feeling,  so  that  the  sensation  is  more  extensive  than  the  temperature  point 
— i.e.,  it  appears  to  be  disklike  and  at  the  same  time  to  have  depth.  It  is 
on  this  account  that  the  temperature  sensations  aroused  by  contact  with  warm 
and  cold  objects  appear  to  be  perfectly  continuous,  giving  no  indication  of 
the  pointlike  arrangement  of  the  end  organs.  Then  we  are  inclined  also  to 
fill  up  unconsciously  all  the  gaps  in  our  special  sensations  (of.  the  blind  spot 
in  the  eye,  Chapter  XXI). 

The  number  of  cold  spots  in  the  skin  of  an  adult  is  found  to  be  6-23  per 
square  centimeter  of  surface;  the  number  of  warm  spots  0-3.    The  entire  surface 
of  the  body  would  contain,  therefore,  about  250,000  cold  spots,  and  about  30,000 
warm  spots.    Tn  a  child  the  temperature  points  appear  to 
stand  closer  together,  and  this  may  be  taken  to  mean  that 
the  child   is  bom  with  his  complete  equipment   of  such 
points. 

In  order  to  obtain  a  more  accurate  idea  of  the  topogra- 
phy of  the  temperature  senses,  Goldscheider  has  stimulated 
different  portions  of  the  skin  with  the  ends  of  cold  and 
hot  rods  3— i  cm.  in  diameter.  One  cannot  obtain  the 
number  of  temperature  points  by  this  method,  but  can  Fia.  I82. — The  arrange- 
test  the  relative  sensitivity  of  different  regions  very  well.         meat  of    cold   spo's 

Thus  if  there  be  no  temperature  points  in  a  certain  por-         1^^        j^*    ipota 

...  I-    I  1        .11  ,  ■  r  (red),     and     prcwure 

turn,  apphcfltion  of  the  rods  will  produce  no  sensation  of  Bpoto    (black)    on     r 

temperature  at  all;  if  points  are  present,  they  may  vary  small  area  of  thedor- 

both   in   number  and  excitability,  so  that  the  degree  of  sal   aide   of    the   left 

sensitivity  will  vary.     A  surface  with  only  a  few  intense  wrist,  after  Blix. 

points  would  give  a  stronger  sensation  than  another  with 

many  u-eak  points,  etc.    Fig.  183  is  given  as  an  example  of  the  topographical 

distribution  of  the  cold  and  heat  senses. 

Gold.scheider  summarizes  his  numerous  experiments  on  this  subject  as 
follows:  (1)  The  cold  sense  is  everywhere  more  perfectly  developed  both 
extensively  and  intensively  than  the  heat  sense.  (2)  This  relationship  holds 
as  well  for  the  parts  of  the  skin  habitually  clothed  as  for  the  parts  habitually 
naked.  Goldscheider  finds  the  cause  of  this  regional  difference  in  the  varying 
number  of  nerve  fibers  supplied  to  the  different  places.  Of  course  there  should 
be  added  alsio  the  varying  thickness  of  the  epidermis  covering  the  end  organs. 

The  experiments  of  different  authors  agree  fairly  well  with  regard  to  the 
acuteness  of  the  temperature  senses  in  the  different  regions.  Those  most  sen- 
sitive to  temperature  stimuli  are  the  nipples,  and  the  breast  in  general,  the  alse 
nasiP,  the  anterior  parts  of  the  arm;  then  follow  the  outer  angle  of  the  eye.  the 
upjier  lip,  the  abdomen,  the  volar  side  of  the  forearm,  the  inner  parts  of  the 
thigh,  the  foreleg,  etc.    Least  sensitive  of  all  is  the  scalp. 

The  hand  is  but  slightly  sensitive  to  trnipcrature  and  in  general  it  can  be 
said  that  those  regions  of  the  akin  which  are  used  especially  for  touch  are  less 
sensitive  to  tcmi)erature  than  other  regions. 
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of  different  hixc,  a  large  une  (13  X  6  cm.)  npplird  lu  tliL'  Ircust.  and  a  i>mall  one 

(l>.i>-2  cm.  tliDiiieU-rJ  iip])1ifJ  (<vL-r  tlio  niotur  |j«iinl  lu  be  tL'^ilfil.  Siit>|iii«ie  uow 
till-  lafRe  eliK:tni*le  in  tht-  aiioiltf:  ifcm  uuimnl  fiiLore  lliL'ii  with  ivlutivfly  luw 
dcjiKity,  spreads  out  thruuK^i  t^^  body  with  still  leys  dctisily  iui*i  tiiially  collects 
at  llic  cuthudc  with  gri'at  dcnsily,  Stiiie  now  llii*  pffprtH  nf  a  rurrciil.  tlf|H'iid 
upon  its  ilf-nslty,  it  f<>ll<iws  that  with  currt'uls  of  iiiKdiTaiL-  ^trciiKtli  tin-**"  t'tTet^ls 
will  Ji;)|n:jir  only  nl  tlir  smaller  rlixMrodf.  Sonir  inf  ihc  miiny  llii-cHtU  of  i*urif3it 
rpHchiiiir  tlie  siiifillrr  olicrrndo  from  all  parts  r.f  the  \ior\y.  will  nccMiiQrily  paea 


10.    105. — 8ohclli>ti>'    I'l'pK^i'iii.du.ii   >i(    till-  fiilnuin*  inUi   ixnd   r^iL   rrulli  il  twrve  of  ft  CtttTCntn 
ttjjplii-J  to   till-  aidii  ovw  llie  DCrve,  o/tcr  iIl'  Walleville. 

ihroucli  the  nerve  under  it.  The  pfTective  nitlioilr  of  the  current  lius  wh«re  Ibrse 
threads  pnss  ont  nf  the  nerve,  mwl  if.  n*  we  have  a^atmied,  the  smaller  elcelrriHe 
ii*  the  ('ttlhinle.  ntlirr  tilings  lieinK  i-<)nHl,  iht-  riirrciil  will  liflv*.-  its*  (rreiilost  possi- 
blf  ilensily  (here.  If  tin-  yurreiit  in  vevtrsed  mi  Ihnt  it  now  enters  ihr  Imdy  by  iho 
smaller  electrnde  (tvlilch  is  still  o%'cr  the  nerre).  the  jdat-en  where  the  lheead«  tif 
current  leave  (he  ncrv-e  oonstiliite  (Ij*  before  the  effeetive  enthode;  the  density 
of  the  current  now  however  is  less  than  in  the  fiwt  case  (fw-  165)- 

The  jioiar  law  of  cxcitatwn  applies  also  to  nmsile.  both  with  Ihe  cnn^inut 
and  iii(liH[!iHi  t-tim'nt  {v.  Bezold.  Kn^elniami,  [liedtrninnii ;  ef.  [lage  41(i). 

We  Imvp  n  very  instructive  proof  ctf  this  in  th«  "  imlar  failure"  of  excil«- 
tion  dirteowred  by  Jliedennann  and  Enpelnuimi,  If,  for  exiim]ilc.  Ihe  i^nd  nf  ■ 
(rojx's  nurlLTiu?'  [nusL'le  be  iinnL-ntizL'-l  and  the  eitthode  Ix?  «i.>pli<*d  tu  this  injupfj 
place,  on  elosiiijr  ihc  currrnr  (he  iruifele  reniiiins  at  rest.  Tlie  numinl  niiisnip 
BubslHtkce  is  uot  t^tiniulutetl  by  the  etonnre  of  n  currem  as  it  passes  ffini  the 
normni  to  Ihe  pnrnlyred  or  dead  mnselc  siibstannc.  and  the  mere  pasKAtft*  nf  h 
current  i*  uot  sufficient  lo  di«^*barKe  Uie  funti-detion  (l^>eke  and  SR,vni»n(twMki>. 
Similar  phenotiieiiii  mny  Ih>  shown  ou  upeninm;  of  the  current  when  tlic  anode 
U  pJaeed  at  the  injun-d  place. 


E.    EFFECT   OF   A   RAPID   SERIES  OF  STIMDLl 

Tf  a  nerve  or  a  inusclc  Iw  affected  by  two  stiipTiU  in  rapid  sncrcssion.  w* 
that  Ihe  Hrtion  resulting  frrmi  Hie  first  has  not  yet  come  to  an  end  when  thft 
feot'ond  l»et'o;nes  effective,  the  reluxatiou  wliich  would  nllierwise  follow  tho 
first  comrnclion  is  inlcn-uplctl  antl  the  effect  of  the  second  stiniulu*  i.^  tuldrd 
in  the  first;  consequently  the  contractinn  of  the  inuscle  is  greater  tban  it 
commonly  would  br  as  the  reemll  of  n  single  stimulus.  It  is  only  whon  the 
load  of  the  niiHcle  is  ver\-  Irpiit  that  it  enntracls  as  strougly  to  a  single  stimulus 
AS  to  rapidly  repcjitorl  stimuli  (v.  I'>ey). 


STIMULATION   OF  MUSCLES  AND  OF  NERVIia                       ^9 

III  summaled  ronlraetiona  \hc  ii»e(-tii)i iig;  limb  of  Iht  Mvond  L'tmlraction  curve 
18  steeper  than  tbiil  of  the  first,  Iiiik-<.-  tlio  xiiiTiniit  nf  tlu'  Ht-rmit]  iiitiH'iim  t.-»r1ier 
than  Wfjuld  l*  ixiHftfd  if  it*  courne  were  tlw  suiac  as  thu  lirst  (v.  Krit-e}.    TLu 
luLeiit  |H>rind  nf  tlic  siipcrimpoi«ed  euiitniciion  U  uUo  said  lo  be  very   much 
shorter  than  tbiil  follciwinp  thi*  firsl  BtiinuIiiB  (Kick). 

lit  ftTtirr  tbut  Kiii'i'i-i'i'ivi-  Kliinuli   niiiy  pdmIucl-  a  Humniatiun  tho;r  muKt  not 
follow  imv   HiiotlHT  too  rapidly.     The  Hmallest   iiitfrval   iKWwtble  for  any  (tiveo 
preparntion  depriidtt  u)hiii  iIk-  tL-mpcratiirL-  and  iIil-  Fln>iiulli  uf  thu  KtiniulL:   fur 
ibf  rin-Tvi-s  <if  the   frifir  at  tirdinary  room   rrmiiernturi-   it   inny   he  mlimaled   al 
ahnut  it.OOI  to  O.Wf*  sceorid.     We  have  u  refrartoru  pfrioA  ther^'forc  in  nerves 
and  skeletal  muselex  jiiat  as  we  have  in  heart  mtisde  Tef.  \fk^  ISA). 

If  more  than  Iwo  Kliitmli  affect  the  nerve,  or  tna»cle  at  Miirn.'ientl_v  i^hort 
inU'rviiIn  the  cnntrnelidii  of  Ihc  niii-*ole  iM'eotrie)'  still  jrreiiler.  and  its  eiirve 
iit  pvrfwllv  continuous.  sh*>win(f  no  scjiaratc  summits   (cf.  Fig.  IGG).     Tliis 
form  of  contraction  if  called  letanun. 

Cnmplet**  tetnntm  apitenrs  only  whi'ii  the  stimuli  f"I!i>w  ohl*  Hnrtther  no  ni|>- 
idly  thnt  the  iiitfr\-al  between  tbein  ib  leas  than  the  time  ocpupiwl  by  the  active 
ohortcuiiiK  of  the  muiscle  when  that  is  m»ximal.    The  freqneney  dependu  ihere- 
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I'lii.  IM. — Tvt»nua  cuirr   at  the  froR'it  BmniriH'nc-miiiM,  ivfliT  Hulir      Tw*ntyHwv«w  rtimull  por 

a**oiiit. 

fnre  pnmnritj  upon  the  behavinr  at  the  muttele  to  «)in(ch>  Mintiili:  the  nrnrc 
rapidly  n  sinj^Ic  poijtr«<*liim  niiitt  its  rinirwe,  the  iTiore  frr^iwntly  mnst  the  Mtimidi 
Ix*  iiivi'ii  to  pr<»duce  eomplete  tvtanus.     This  is  beautifully  nhnvvn  by  iIh-  Wbwvior 
nf  miiwleo  of  warm-blnoded  animaltt  eompiwed  mainly  of  red  or  white  fiherfi. 
The  red  solfux  mufiole  nf  the  rabbit  falls  into  slmnot  enmplete  tetanus  nitb  ten 
ntimuli   i«T  iM-«-(>iiil,  while   the  white  tfoiilntrnrmius   tnr<iiu»   with   the  name  fre- 
qneney of  ^timiiliition  Rives  vi-rj-  evidi'nt  <iiiii;li>  «inlra*"tion*.     A   frequi-ney  wf 
six  Btiuuli   pur  Becund    |K.Tmil»  tJiv  white  lumwlc  to  relax  almoAt  eoniplctely 
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between  contractions,  whereas  it  keeps  the  red  mmclc  ulmMt  continuniisly  ctin- 
trac-tifl  (I{an%'icr.  KroiMJcker  and  KlirliuK;  cf.  I*'ig.  1(17). 

£rer,vtlti]jji  which  tcud»  to  make  the  single  cuut ractioiis  occupy  uion:  titne 
operates  to  reduce  the  frequency  uf  fitimulalioii  iit-eefwary  to  evoke  complete 
tetuuut!.  ThuK  fatig^iiHl  inuHo1(>s  arc  thrown  into  tetanus  with  a  lower  frequeocy 
than  uiirHtigued,  Lt-cauBP  tlwir  corilraoliotis  are  xlower. 

The  more  the  frequeuey  is  K'JueeU  below  ihat  whieh  is  just  suffieient  to 
|)riiduoc  tetauu»,  the  more  (liBtinc'tly  da  the  i-oiitraelionB  produwd  by  the  indi- 
vidual t^limnli  ettand  out  from  one  nnother,  nntll  finally  bplow  a  eertaiu  Ire- 


ruTTP-rtT 


I 


Fio.  L6(. — Totanus  rurvce  ot  ihr  wbiU-  (lower  tracin|is>  luid  of  tlif  rcxl  [upper  tntciiiKs)  muscle* 
uf  tlio  rabbit,  after  KruiiiLickcr  mid  Stirtiiig  Tu  Lw  read  Iruui  riglit  Ui  lofl.  A.  Uai  atimuU 
per  SMond.     B,  six  stimuli  per  hmqiicI. 

queucy  there  is  no  funion  whalevpr.  We  have  therefore  ull  po.tsihle  gradntions 
betwetm  the  isulntLi)  eontraeticm^  and  (.■omplcte  tetanus.  Thi-i  «uggeisl4  that  tcta- 
]iu»  itbelf,  uoiwithMtrndiuK  the  continuout^  curve  by  whieh  it  is  represented 
j<rap  hi  roily,  i'i  really  a  dit^i'oulitiUoUH  pruei'si^.  and  cuniplele  proof  uf  thia  U 
furnished  by  the  elivtriofll  variatitinH  accv>in|nniyin(r  Iftaniia  (paite  4S3). 

lUivr  nre  we  to  conceive  of  the  prtteessos  going  on  in  the  muselc  in  tetanusi 
One  sigriirteaiit  faet  is  thai  by  firtilieially  itupportioK'  the  nnisrh-,  so  that  il  <loc« 
not  lift  ita  vi^ight  utttil  it  has  eontracleil  nonie  distanee.  the  T^iti){le  contractious 
cnu  be  made  lo  reach  ibe  same  heiRbl  us  tetanm  with  the  nam*  strength  of  cur- 
rent (v.  Frey).  We  may  say.  therefori?.  ihot  in  tetauus  the  muMile  cuutruats 
to  it.t  utmoHt.  b4'<*»UH(>  to  a  certain  extent  it  U  uuppurted  on  iutelf.  In  addition  to 
this  the  irrilahiiitf/  i.f  both  nen-e  and  muarle  \a  inerenscd  by  a  previous  Btimu- 
Intion — i.e..  if  the  excitation  is  not  coo  etroiig  or  dM-s  not  continue  so  lotiK  ai* 
to  involve  much  faligUf.  Itcnee  not  lnfr(M]ueutI,v  it  happens  that  sCiiiiiili,  whjcll 
of  iheniT-lvi-s  arn  ineffective,  become  effective  merely-  by  b«ing  repfwlwd  with 
aufficicnt  frei|uency. 

Tetanus  may  be  looked  u|>on  therefore  as  a  sort  of  heaping  up  of  umall  con- 
tractiona  due  to  the  rupidily  of  the  Btimuli  and  to  increased  irritability. 

P.    VOLimTARY   COIfTRACTIOnS 

If  we  cotnpari?  voluntarv  contraetions  on  the  hiiiu*  drnm  with  the  rapid, 
twitclUike  muscular  eontraction  produced  by  a  ainjifle  artifieial  stimulus,  we 
didcover  that  the  former  are  hoth  jthiwrr  and  lpit»  tilnipl.  Oompnrin^r  them 
with  the  eontraclinns  fibtHinerl  bv  lapidlv  repented  slioeks.  we  fiiui  moro  in 
commriu.  Many  other  cirentiij^tflneea  strongly  support  this  reMrnhlancv,  thp 
iiio*it  iniportHnt  nf  ihctn  being,  that  (he  vo!un(ar,v  contnirlinn  a?  well  aei  the 
contraclioiis  which  appear  relle.\l>'  with  atrjehninc  poisoning'  are  aecompanicd. 
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jiist  fi!*  lolJiniiii  is,  by  action  current:*  which  si^ify  n  discootiniiou*  excitation 
(Loren).  Bui  it  i^  worthy  of  nntu  that  the  rh.tihiu  nf  these  action  currents 
in  voluntary  f-nnlrnoliont;,  iinij  nthflix  itrfMliioi'<l  iiikUt  tlu-  iiifluom-c  of  the 
ecntral  nt'rvoiiii  svslt'jii,  is  drily  nlnml  half  nri  Tn\tu\  iis  ihi'  fniiiioiwy  tif  nlimu- 
laliuii  iKrL-:<Pury  tn  iinxluce  a  foniplulu  tftanua.  Anil  ytil  ttie  voluntary  con- 
traclifni  a."  onlinarily  nx-orded  i«  i|uite  continuous.  This  muct  bv  clue  to  the 
fact  that  the  single  iin|jvili>iw  sent  out  to  the  muscles  from  tlie  centmi  or^rana 
Ut  produce  a  voluntary  contraction  las^t  louger  than  the  onlinary  int^tnntnucous 
stimuli  (Loveii),  and  that  the  gcparate  twitches  arc  therefore  more  readily 
fused.  We  know,  indeed,  that  a  "  lime  BtiuiuluH  "  (page  423)  i*^  lunger  drawn 
out  than  a  iiiotiientary  stimulus  and  that  it  is  therefore  belter  adapted  to 
produce  summation  with  a  low  frrtjuencv  of  slimulation. 

"The  trrrahling  of  the  muscles  which  aoeonipflmefl  a  ntrained  effort  to  orer- 
come  Koinr'  Kft'iil  n-HtsttitKV  or  an  uttvmpl  t'l  liuld  u  itiu^cle  L'oiilrart<.'d  voluntarily 
to  iu>  utnK)6t.  are  ueuornll.v  regarded  at-  exprcsrtions  uf  the  individual  impulses 
disckarued  from  the  ft-iiiral  iicrvtmM  «>«tt'iii.  Tlw  rcuulaliou  of  the  iuni-rvaiiuK 
ini^chaniAmH  would  s«*m  in  theoc  raBPH  to  he  diflturlieii  in  smiii'  way  sn  as  to 
affect  the  fusion  of  the  acpnratc  coutrncrions.  It  ha»t  been  «hown  that  iht-  uum- 
bt-r  of  «uoh  iJM<itlati(ins  |)cr  Bc^-ond  varies  in  man  frum  seven  or  cisht  to  twelve 
or  lliirtiH'ii  (Ijivt'tii,  v.  Krw,  Srliiifer).  Tlie  ki^'X*^!  iiiimful»r  fffiirln  are  made, 
it  appears,  with  a  frequency  of  ten  to  twelve  impulBCd  per  weood. 


§4-    SIGNS  OF   ACTIVITY    m   MUSCLE   AHD   NERVE 

A.    ELECTRICAL   PHENOMENA 

1.  Action  Current. — The  jjeiit'ral  law  of  th«*  elerlrieal  variation  known 
t»  the  action  current,  which  miikes  it^  apitearam-e  when  nen'f  or  mumrle  ia 
active,  has  already  been  given  on  page  48.     In  view  of  its  great  imporlmico 


Fin    168. — Behenu  lUnstmHnc  a  rheotanw  experiment. 

for  the  general  physiology  of  muselpH  and  nerves,  however,  we  must  disomw 
it  hen.'  ^uIlK■wllat  more  in  detail. 

In  orJvr  tn  stud.v  lime  relations  of  the  action  current,  one  can  use  either 
the  capitlao'  elc«*tronieter  who«>e  exeureious  can  be  rccurdfnl  Iqt  ihf  jihuiofrraphic 
mclhod.  or  ihc  TV|H-atinK  rhfolirme  of  Bi-mslein. 

Suppose  wi-  have  nn  elcctricnl  vtirifltinTi  nf  tho  form  reprMcntcd  in  Fig*.  168. 
The  (ndvaiionit<4er  x»  too  slow  ro  rei>nHh»-e  Ihis  form  corrwtly.  But  if  we 
arratiRC  the  rxperimiMit  iui  ihni  a  definite  [mrtion  nf  paeh  variation  of  the  cur- 
rent—c.  p..  that  included  between  a,  and  &,  in  Fig.  IfiS — nffn-ts  the  (cnlvniK. meter, 
and  thi>»  ia  rp|>e«tcd  many  tiniesi.  from  the  excursion  of  the  galviinomcter  we  can 
I^m  the  t-xtcnt  of  Ihc  electrical  rarialinn  during  thi«  imrtinn.  If  imw  we  can 
detemiiue  in  the  same  way  the  excursion  of  the  galvanometer  for  the  other 
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portions,  8ny  6,  to  «„  c,  to  d,,  d^  ti>  r„  ctr.,  nf  muixi'  it  will  U-  |KJKr(it)lf  to  obtain 
tliu  ftjnii  (>(  the  untiru  vnriatiiiti.  An  uiipiiriilus  wiiiL-h  wuuKJ  (.'uabltr  us  lo  uuike 
such  (J«?U>riiitiiati()ti»i  inii»(i  in/miil  of  L-uiiiiicUnti  wilii  tii«>  galvuiiumft^r  nl  n 
d<.'(iiiite  niiiiiiciit  afttr  tliL-  bLgiiiiiiug  of  iIil-  viiriiniim,  out)  nf  UrL-akin^f  lUia  ooi(- 
nci*ti(Hi  nl  ujiy  dwii-^id  inoiut'iit  during  ihv  vnrtutiuu.  Kiuot-  lliu  vlti-t rk-ul  variu- 
tinn  in  miisHes  nml  iirrves  is  startctl  by  the  cxoitutinii.  ilu^  roquiienn-nlH  will  bo 
mut  if  til*'  palvwnctmeter  cirmit  can  Ik*  closed  or  broki-n  iit  an.v  k'*'?"  interval 
after  tiie  instiuil  i-f  Klioiuiiitioii. 

The  rheoiome  nf  Benisteiii  (Fig.  160)  consists  of  a  whci'l  (r)  rovolviiiR  about 
A  vorlionl  axis,  and  carrsniiK  nn  its  circunift'rciiw  ihrrc  nirliil  iic«m.  um-  uf 
ffhioh  (e)  ;cive*i  llie  stimulus  to  the  nerve  by  pluaiiifT  iir  opening  tho  primary 
curn?tit  to  an  induction  croil:  the  nther  two  \>eil*  insulated  fnun  (lie  first,  but 
in  electrical  ui>nnL>cti>iii  with  each  oilier,  .anrve  tii  rhmv  nnd  upcn  (Iir-  p[ilvniu>mo1("r 
circuit.  Al  each  revolutinn  fif  the  whicel  the  |ifjrs  r,  nnd  r,  di|i  int"'  the  nierrury 
trounhs  (q,  nnd  q,)  m-a  pee  lively  whiHi  an?  ronnp<^tfd  witli  ilif  muselt-  on  Ihi'  one 

hniid  and  tht^-  ^iilvnnnnn-U-r  on 


'K. 


y 


B,  _  thcotliiT.    The  nu'VcurylrouRhs 

are  movable  with  r*-spect  to 
each  either,  so  that  the  dum- 
tion  nf  the  uralvunomefer  eur- 
Tcnl  cnn  lie  vnrici!  within  wide 
liniit^t.  If  niiw  thf  wheel  i«  re- 
volved at  a  certain  spii'il.  with 
eaeh  n,"%'ululii)ii  the  miiseli-  will 
receive  n  stimulus  and  iho  ^aU 
vaiiiinictiT  eiifuil  will  lie  closwj 
for  a  rcrlnin  definite  time  after 
each  iilimulun.  If  we  hnve  the 
\  ^y"  ^^^  I  ^y    /S//  two  contflcta  »o  arranped  that 

^^  -^^      Ar/  ^jjp  jfnlvniiunieter  ie  eonneettnl 

with  the  musele  at  the  aamc 
instaiii.  rhnt  the  Htimulu^  in 
iriven.  the  cxenrsion  of  thn 
irnlvnnonieter  will  reiiM-si-iit 
the  tir«I  pwrt  of  llie  variiitiun 
evoki'd  l\v  the  !!tiinulu)<.  Then 
by  shifliiiK  the  eontnets  the  Knlvanonieter  euii  be  couiicetod  at  different  inter- 
vul«  followiuit!  the  Lii»tant:  of  slimtilation  until  the  entire  variation  is  recordtHl. 

If  a  nniaele  (or  llie  heart)  or  a  nerve  Ik'  ef)tinerted  at  two  uniiijiiroH 
plHC(!8  {a  nnd  h,  Fi^.  J  TO)  with  a  galviitiometor,  and  it  lie  then  '^tiinulatwl 
at  sotno  inilside  point  (r),  the  galvanometer  shows  tluit  the  (mint  ti  .■'ilnntprl 
nearer  the  pnini  of  sdniulfltinn  lfpeoinej»  elect rieiitlv  negative  to  h.  and  then 
ific  fiirrenl  is  ri'ver^iil  nml  /)  In'ooniM  nojrntive  to  a  (cr.  piiso-i  IS  and  ITD). 
Tile  ftftum  curmni  therefore,  rtmjnuts  of  two  phnAes.  ench  of  which  j»ives  ox- 
presHion  to  the  jreneral  law,  thai  every  iictivc  pnint  of  n  mnselc  or  nPTve  is* 
cleelricnlly  iii>;rii|ive  to  evrrv  r(stin>r  point  ( piiL'i'  4S),  When  the  excitation 
sprcadit  from  the  point  r.  the  nearer  of  the  twn  jinint.'»  nntnrally  heroin'V 
active'tirst,  while  the  more  distant  point  (A)  is  still  nwtinjri  hence  the 
first  ](hnse.  When  the  excitation  rrarliea  the  [mint  h  and  th<?  point  a  first 
Dtiniulnl4'<l  han  ;fradually  pa»4-c(l  into  a  resting  ptate,  tlie  tMBoond  phiue 
appears. 


Fid.   Iflft. — KhraUnnc  of  Hc^nwtnin. 


The  action  t-urrent  dcw»  uot  ivprctwut  an  arlillcial  pnMiuel.  but  is  a  prwciw 
intimatel}'  euliiK'cled  with  thi*  iinxx^g  of  excitutiou,  for  i(  is  prwliKxxl  by  all 
kinds  of  btinnili ;  it  is  iimpagnkil  at  iht*  saiiu'  rat«*  of  i*pw«l 
a»  thu  fXi'italinii  niid  varies  in  slrength  to  u  tvrtflin  vx- 
Ipiil  with  the  strength  of  stimulation. 

If  thi-  ]n'iTc  ur  (III-  nium-li'  be  If.tl  off  h>  liic  KiilTtmomctiT. 
not  from  iwu  puinu  nn  the  luiigituitiiial  T*iirf(ioi'.  but  fnim 
ihc  li)iiKitiHliiinl  aurfaoc  and  n  croii<i  MTlioii,  tbo  Ke4.-ouil 
phasp  of  llio  ui-tiLrii  fiirmit  mi  limjriT  (ipprHni,  hut  tlw  cur- 
rent is  now  (iin-rlvtl  frtmi  iho  loiiiiituiUinil  nurfaci'  ovur  l« 
thu  criots  sivli.m.  Ii  wiw  in  ihis  fonii  dial  ihi-  a^'licu  i-ur- 
n-iit  wad  first  diwuvurnl.  Since  it  niiiH  in  llic  (>|i[MiflitP 
<lirwtii'ii  I'nxii  llu-  ciirri'iit  iif  r<.t«V  {mi-  |iucl'  IS)  ii  was 
ilcMiifiiatiHl  liy  I  hi  Itois-ItL-ymoiid  an  the  netfaiire  variation 
of  the  current  of  roat. 

The  ut'iion  currL-nt  i^  Ihi.'  oiih*  funt-tiunul  clmn^e 
whii-h  WL'  liave  ihui^  far  hwn  ahUt  to  ulwi-rve  in  liviii;.' 
ncn'cs.  It  \i  of  ^ri!at  itn[i(ir1aticu  also  for  iho  itrHN)ii 
that  it  ]«TniiU  us  to  duterminL'  iJiu  nature  vf  ang  «iiw- 
cular  roninirtifin. 


ill  tint  nit  itix  ni>ri-nil 
u(  au  vxfitntiuu 
miiHiiif;  nri  K-tian. 
euiTvut. 


Wc  bavL>  uln-uily  iKTointt  acquainted  with  an  exnnipio  of 
this  in  Rludyiiip  the  hii-art.    The  aetion  L-urrfnt  thpro  ahuwt-d 
ui*  that,  notwith-ttiindiiit;  iIm  loni;  durHiii>ii,  thi-  ountruetiuu  fif  iho  heart  tn  in 
n.'aUr,v  a  »inipk-  uiti^^cichir  Lvritcli  (cf.  \yuiiv  IT!'). 

ThtTi!  arc  txher  kind^  of  etinlrnflinnfi,  liki'  tctanua  uml  voluntary  (.■onlrac- 
tiotts.  which  mn  wo  ha%'c  i*ccn  arc  appari'ntly  continumiH.  but  wbicfa  the  action 
nirn'ol  iirovi^  to  U-  iliHc^intiiiimuo.  If  Ij,v  tin-  iiic  of  the  rbeolome,  «  iriu*rIo  be 
Ktil)inlijt<'rl  often  enough  t<i  i)r"duc('  eom|ilete  tetann",  the  excumioriB  nf  the  K"I' 
ranunietcr  will  »how  that  each  t>e[iiLr»1c  Hiinmluit  t>r"duLT-;<  a  «[tiH.'ial  aetion  cur- 
rent wf  its  own — i.e..  every  e.\cii)iiion  cauH-H  a  moUt-uljir  cbaniie  in  the  mu»clc, 
nlih'>UKh  the  cban^  may  nut  be  apparent  in  the  mechanical  behavior  of  the 
rnusi'le. 

T!i(-  ai'tiiin  eurrcril  tif  niiniele  ii"  well  »»  of  iicrvr  i*  utmnjt  enoiijth  lo  hnvo 
a  itliniulHtin^  action  of  it*  own  (Mntteucci).  If  the  m-rvc  of  ono  inui*cle.  B,  be 
laid  Bcrti^ii  the  belly  *iS  another  miutcic,  A,  and  ihe  second  muM-le  be  then  stimu- 

hiti<]  throufili  itfi  own  nerve,  with 
eiieh  contraction  of  A.  B  nl«o  e<»n- 
tract:*,  iim!  ihin  even  in  case  A  ia 
RM  tfiijii'  that  it  no  longer  chanfCf^ 
its  fonn.  The  c«'ntrnelions  of  B 
AR'ree  minutely  in  number.  «lrenKlh 
and  Bcquence  with  those  of  A.  I£ 
A  in  tetanited.  B  also  i*  tetanized. 
These  phenomena  are  called  *e.e- 
otularp  rontmrliotm,  secondary  tet- 
anii»^  etc. 

2.      EUftrotonic      Curriinh. — 

Wlwn   nn   elr.-trir  cnrn-nt   14  con- 

ducterl   thnuiKh   u  ciTtain   lenRth   of   n  medultnted   iirr*-e   and   another   portion 

of   Ihe  nerve   outride  of  thi^   length   ia   coilUtfctcd   with    the   galramimeler.   an 


I 


Flo.  171. — IHiuilnitiiiff  the  Ihiwry  nf   rledrolanio 
curmrt*^  aftrr  n«mann. 
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tion  to  them  they  gradually  become  more  and  more  unpleasant  and,  finally,  actu* 
ally  painful. 

In  diseases  accompaniod  by  pain,  the  pain  is  often  more  severe  at  night  than 
during  the  day.  This  is  probably  due  to  the  fact  that  in  the  daytime  our  atten- 
tion is  distracted  by  many  things  outside  ourselves,  and  is  not  directed  so  exclu- 
sively to  the  body. 

By  purposely  fixing  one's  attention  on  a  definite  object  or  idea  it  is  poftaible 
to  suppress  not  only  the  expression  of  pain,  but  to  a  large  extent  the  pain  itself. 
The  following  story  of  Immanuel  Kant  is  much  to  the  point.  Kant  suffered 
from  time  to  time  with  attacks  of  gout  which,  as  many  know,  may  be  very 
painful.  "  Out  of  patience  at  feeling  myself  deprived  of  sleep,"  he  writes,  "  I 
soon  seized  upon  the  stoical  expedient  of  fixing  my  thought  intently  on  some 
chance  object,  whatever  it  might  be  (e.  g.,  on  the  many  ideas  associated  with 
the  name  of  Cicero),  and  of  consequently  diverting  my  attention  from  all  sen- 
sations. In  this  way  the  sensation  speedily  became  blunted,  so  that  the  natural 
tendency  to  sleep  overcame  them.  And  this  I  could  repeat  with  equally  good 
results  each  time  in  the  little  interruptions  in  my  night's  rest  occasioned  by 
recurring  attacks.  But  in  the  morning  the  shiny  redness  of  the  toes  of  my  left 
foot  was  sufficiently  convincing  to  myself  that  these  sensations  had  not  been 
purely  fanciful." 

Although  all  men  have  not  the  same  will  power  as  Kant  had,  we  may  never- 
theless learn  from  his  example  that  it  is  possible  actually  to  suppress  pain  to  a 
certain  extent,  just  as  it  is  possible  for  us  to  accustom  ourselves  to  bear  a  neces- 
sary pain  without  sounding  it  abroad  with  loud  wailings. 

The  expression  of  pain,  therefore,  is  not  to  be  accepted  as  a  measure  of  its 
intensity.  A  strong-willed  person  may  feel  very  severe  pain  without  wincing, 
while  another  may  cry  out  at  a  pin  prick.  On  the  other  hand,  we  must  not 
forget  the  experience  oft  confinjied  in  animals  as  well  as  in  men  that  sensitive- 
ness to  pain  is  very  different  in  different  individuals.  And  since  nobody  can 
tell  with  certainty  how  strong  is  the  pain  which  another  feels,  we  ought  not  to 
withhold  our  sympathy  from  others  when  they  give  expression  to  pain. 

It  is  very  difficult  to  decide  just  wherein  lies  the  real  physiological  cause 
of  pain.  Since  we  know  that  the  pain  aroused  by  any  adequate  stimulus  has 
an  altogether  different  character  in  different  parts  of  the  body — as,  e.  g.,  those 
aroused  by  a  high  temperature  differ  from  those  aroused  by  a  low  temperature, 
as  the  pain  of  muscle  cramps  is  of  a  different  kind  from  that  of  high  pressure 
inside  the  eye,  and  tlio  pains  occurring  in  inflammatory  processes  differ  accord- 
ing to  the  organ  inflamed — the  assumption  is  undoubtedly  suggested  that  pain 
is  produced  by  an  excessive  excitation  of  the  ordinary  afferent  nerves  from 
different  parts  of  the  body. 

The  fact  that  in  certain  diseases  of  the  nervous  system  the  sensations  of  pain 
are  Inst  while  the  ordinary  tactile  sensations  do  not  suffer  any  considerable 
diminution,  docs  not  militate  against  this  hypothesis.  One  might  readily  im- 
agine that  the  maximum  excitation  necessary  for  the  production  of  pain  were 
not  reached,  although  the  threshold  stimulus  remained  approximately  the  same; 
and  this  supposition  could  be  brought  into  line  with  Schiff*s  observation  that 
section  of  the  prrny  matter  of  the  spinal  cord  abolishes  sensations  of  pain  with- 
out affecting  the  tactile  sensations. 

Proceeding  from  this  observation  it  has  repeatedly  been  conjectured  that 
painful   impressions  are  conducted  through   the  gray  matter,  and  that  the 


SIGNS  OF  ACnVlTY  IN  MUSCLE  AND  NERVK 


■laii 


The  action  current  il'-'es  ugl  rL-pruswiL  an  artificiul  proiluci,  but  is  a  process 
iniiiimidj,-  mmitcted  with  the  procoiw  of  excitation,  for  it  ie  produced  bj  all 
kinds  iif  sltrmili ;  it  it*  prrtpngatttl  at  the  Minnie  rate  nf  sin-cd 
a  tliL*  oxi'itutinji  and  varies  in  jitrcnglli  to  a  certain  w- 
tent  with  the  cttrcngth  of  i>timulation. 

II  the  nt'n-c  or  cho  inuHi'lc  bt'  M  off  to  the  »riilviin«ini't*;r. 
iK>t  from  twi>  |initil»  iici  the  Ixiiiciiudiiial  surfaL-c,  hut  frtim 
thi!  ioiiKiimlinnl  siirfflL-c  and  a  crn«»  •uvtiutt,  the  second 
phurte  of  the  ui-tion  iMirrriil  nci  luriKer  iippnint,  but  tile  cuf- 
nrit  is  iiuw  dirwliil  fnmi  the  ItJiiuitudhuil  Hiirfm-e  over  t»" 
the  orriM  nL'i'tidii.  It  wu»  ill  this  form  lliBt  the  actii'ii  cur- 
rent wat*  tirnl  disctvi  red.  Sinii-  il  nnm  in  the  opiK^site 
dirt'eliim  frmii  the  enrreni.  of  n-Ki  (m'C  piifn.*  -18)  it  wan 
tlitilKiniU'iil  hy  I>u  Bfiis-Hej-mmid  as  the  ne)/aiive  variation 
of  the  onrrcnt  of  real. 

The  action  current  U  the  irtdv  fuuclional  chimgo 
which  we  have  llnw  far  Ufn  ahle  to  olwerve  in  livintf 
nerves.  It  in  nf  i^cvut  iiiifioriani-e  hIhi  for  the  rvUMiii 
thai  it  iK'rmilt^  uh  (u  d>etcrniine  thc>  nature  vf  any  man- 
cuhir  ffinlraction. 


Fill.    170,  —Si-I.i.i.ia 
ilhinlmlitiKcprciMl 

uf     oil      CKollStiull 

caiuiiig  Hii  uc-tiun 
cumnl. 


We  hove  alrcudy  hrcnmc  acquainted  with  an  example  of 
thi.4  in  Hluilyintr  the  honrt.    The-  HL-iton  eurreul  th*re  showed 

Mi  ihtil,  notwithnFiiniiiiiK   itm  lon^  <lur«tion,   ihe  cuutnietiuu  of  th»  hvurl  is  in 
reality  u  iii[ii|ilr  iiiu^eiilnr  iwiti-h  (ct.  \niiiv  17I0> 

There  are  other  kinds  of  <.tmtractii>iLi,  like  telanua  and  voluntary  cinitnie- 
1inn».  which  a»  wc  have  evtn  are  nppareiitly  eontinmnitt.  but  whieh  the  action 
curn-nt  iintveit  ti>  !•«■  ilineiiiitirLiiouH.  If  Ij.v  the  ime  of  the  rh<H»to(ne,  a  muwie  be 
atimutnlt^'l  nflen  einiuffh  li  pn-duce  c<»inplele  tflainiM,  the  exeiirvifinti  of  the  gnl- 
Tanumelcr  will  t^liuw  itiiit  each  M-itarutc  i<tiniulu»  t(n>iluce»  a  Npccial  Hcti*>n  cur- 
rent of  iti;  own^ — i.  e.,  ever?'  cxciralifn  eauw-s  a  nxdiH-ulnr  chuniKe  in  IIk-  mu»cle, 
nlihoii^h  the  chanfix-  may  not  be  apparent  in  the  mechanical  behavior  of  the 
.  muscle. 

The  iicliim  currnil  of  inu>""lf  hk  tt-<-ll  iit  nf  nerve  is  axtnufr  cnontrh  to  hnvo 
stimulating  aetion  uf  its  own  (Matteueci).  If  the  neire  of  one  muw-lc.  B,  be 
id  across  the  bell.v  uf  another  muscle,  A.  and  the  ncoonil  miisele  be  then  Mlimu- 

laird  thniutih  il«  own  nen'e.  with 
each  eonlraeiion  of  A.  B  al«o  eon- 
Iracts  and  thii*  even  in  ens**  A  is 
»ti  |<-ikM>  that  il  no  loiifrer  chanjeea 
its  form.  The  contractioni*  of  B 
agree  minutely  in  number,  stn-oKtli 
and  )^'t|iicnce  with  1hot^•  of  A.  If 
A  is  tetanizcd.  K  alno  iu  tetnniu'd. 
These  phenomena  are  callr-H  ner- 
andary  cotitrartionM,  ■e<eundAr>'  tet- 
nnitfl.  ele. 

2.      Rtfriraianie     CurrtnU. — 

When   nit  eh-etric  current   is   con- 

niiifth   a  eertnin   len^ih  of   n   medullatetl   ncrrc   and   niiother   portion 

rvc  outt»ide  of  tliis  lcuj;lb  \*  conuwted  with    the  g«han<imi*tcr.  an 


I, — llhtHtntlinfi   Itw  (h<Hiry  nf  nlrrtrolanio 
ciUTpntfl,  afn-r  Hermafin, 


468  THE  SENSORY  FUNCTIONS  OF  THE  SKIN 

sation  of  pressure  accompanying:  the  stimulus  fails,  while  the  painful  after-effect 
appears  very  Tividly. 

With  regard  to  the  topographical  distribution  of  the  pain  spots  we  learn 
from  V.  Frey  and  others  that  on  the  back  of  the  hand  over  the  metacarpus 
of  the  ring  finger  16  pain  points,  as  against  2  pressure  points,  can  be  demon- 
strated within  12.5  sq.  mm. — i.  e.,  1.3  pain  points  to  the  square  millimeter. 

From  reasoning  which  we  need  not  enter  into  here  v.  Frey  has  reached 
the  following  conclusions  with  regard  to  the  anatomical  structures  which  may 
possibly  serve  as  the  end  organs  of  the  different  cutaneous  nerves: 

(1)  Among  the  well-known  sensory  nerve  endings  on  parts  devoid  of  hair 
there  is  only  one  form  which  occurs  in  sufficient  number  to  fulfill  the  require- 
ments of  an  end  organ  of  the  pressure  points,  namely,  the  taciile  corpuscles  of 
Meissner.  According  to  this  discoverer  there  are — e.  g.,  over  the  metacarpus 
of  the  little  finger  in  1  sq.  mm.  one  to  two  of  these  corpuscles — which  agrees  well 
with  the  number  of  pressure  points  in  the  same  place. 

(2)  TJiese  corpuscles  however  are  quite  exclusively  confined  to  the  parts 
devoid  of  hair.  Anatomical  investigations  have  brought  to  light  the  presence 
of  a  wreath  of  nerve  fibers  encircling  the  hair  follicles  down  close  imder  the 
opening  of  the  sebaceous  glands,  their  terminal  processes  penetrating  the  walls 
of  the  follicle  as  far  as  the  glassy  layer.  This  wreath  of  nerve  fibers  which 
occurs  with  the  greatest  r^ularity  in  every  hair  follicle  may  be  the  end  organ 
of  the  pressure  points  associated  with  the  hairs. 

(3)  The  sensation  of  pain  is  probably  aroused  by  stimulation  of  some  mech- 
anism lying  nearer  the  surface.  Since  only  free  intraepithelial  nerve  endings 
are  found  external  to  the  tactile  corpuscles,  we  may  look  upon  these  as  the  organs 
of  the  (superficial)  sensations  of  pain  in  the  skin. 

(4)  Finally,  v.  Frey  and  Thunberg,  the  latter  by  careful  analysis  of  the 
different  phenomena  attending  stimulation  with  heat,  have  made  it  probable  that 
the  end  organs  of  the  heat  nerves  lie  deeper  than  those  of  the  cold  nerves,  also 
that  the  latter  lie  deeper  than  the  end  organs  of  the  pain  nerves. 

References.— Jtf.  G.  Blix,  Zeitschrift  fur  Biologie,  Bd.  xx,  xxi,  1884.  1885.— 
M.  V.  Frey,  Abhandl.  d.  mathem.-phys.  CI.  der  konigl.  sachs.  Ges,  d.  Wiss..  Bd. 
xxiii.  No.  3,  1896. — A.  Goldschevder,  Archiv  fiir  Anat.  und  Physiol.,  physiol. 
Abt.,  1885.  suppl.  Bd.— .4.  Ooldscheider,  "  Ueber  den  Schmerz,"  Berlin,  1884. 
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just  A3  icfanns  ja,  by  action  current;!  which  iiignify  a  discontinuous  excitation 
(Luveu).  But  it  is  worthy  of  note  tluit  the  rhythm  of  these  action  curtwitB 
ill  vohmtnry  rontradions,  und  others  prodiict^l  itnrlcr  the  jnfliu'nce  of  the 
CPtilral  ncrvniisi  Myfl-ciii.  is  <iiily  wIkmh  hiilf  iif*  nijiid  m  tlii'  frequency  of  ^(imu- 
luliiii]  ]iwwsury  to  pmiliiei,'  a  coiiijjIuIu  tulamib.  Ami  yet  the  voluntary  con- 
tracliwi  as  ordinarily  nturdeil  is  i|uite  f<»nlimiijujt.  This  must  Ik-  due  to  (he 
fact  that  the  single  inipuUtis  .u-rit  out  to  llic  mu!«cltei  fn*m  thi-'  cenlrni  firjians 
to  [irocluce  a  voluntnry  contraction  last  loujjijr  than  thp  imlinary  insiiinlnnwms 
stimuli  (Irfven),  and  that  the  wparale  twitchcc  an?  therefore  more  readily 
fusiHl.  We  know,  indeed,  tluit  a  "  time  stiinnlus"  (pa^e  123)  is  longer  tlrawn 
out  than  a  momentap.-  stimulus  and  that  it  is  thcrefon-  better  adapted  to 
produce  summation  with  a  low  fropioncy  of  stimulation. 

The  trnnhlitiK  of  lite  miutclcs  which  acconipatiies  a  «traiiic<i  effort  to  orer- 
fumit  BDini*  KreHt  resist niicf  cir  tin  attempt  t'l  hold  a  miicele  eonlracltfti  vnlunlarily 
to  iu  utmost,  art-  Kciicra)l.v  reKirdcd  ;is  exprcHsiuiiA  of  the  individuid  impulMS 
diHrhanre<l  from  the  tvnlriil  iicrvnuH  syslein.  The  rctnilutioii  of  the  iiim-rviiliiiK 
mechanism.-*  wnuld  acfm  in  these  cases  tn  be  disturbed  in  t'-nuu-  wa.v  so  an  lo 
affect  ihe  fusion  of  the  separate  coiitmctiona.  It  has  been  shown  ihat  ihe  num- 
t>er  of  Kueh  iMcillalionK  per  second  varies  in  man  from  M-reii  or  eight  In  twelve 
or  thirteen  {Ia'VVII.  v.  Krien.  Hchiifer).  The  Kreate*!  muHculnr  efforts  are  made, 
it  appears,  with  a  frequency  of  ten  to  twelve  impulses  per  second. 


g4.    SIOBS  OF  ACTIVITY   IN  MUSCLE  AflD   NERVE 

A.    ELECTRICAL  PHEtTOHERA 

1.  Actum  Current. — 'J'he  }rener«l    law  of  the  electrical   variation    knoi 
as  the  action  current,  which  makes  its  ap|»earanee  when  lUTve  or  muscle  is 
octire,  has  already  been  j^tvcn  on  pa)*e  4^.     In  view  of  ita  gn>at  importance 


J 
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Fm   1QR. — H«h«ina  illiurtrKlinc  a  rheotame  (experiment. 

tor  (lie  genenit  ]diysinlngy  of  miiRcle.'*  and  nen*ea.  however,  we  mnst  flisctut 

it  here  Kouiewhul  more  in  detail. 


In  order  to  Btud.T  time  retationi)  of  the  action  current,  one  can  use  either 
the  cMpillary  eleelroiiieler  whiwe  exeureions  ran  be  n-rordiHi  by  the  photn^raphie 
method,  or   the  repeating   rheotome  of   Renistein. 

Suppoat*  we  have  an  electrical  variation  of  (Jie  form  represented  in  Fijf.  IfiS. 
The  fcalvanometcr  is  too  slow  to  reproduce  this  form  correcll.v.  Hut  if  we 
arranpe  the  esperimcnt  sn  ihar  a  definite  poriion  of  each  variation  of  the  cur- 
rent—*^, ff..  that  include*!  between  a,  and  h,  in  Fijr.  1(18 — affect.-*  the  jralvani meter. 
and  this  is  repeatetl  many  limew,  fnim  the  excuwiim  of  the  fralvanonieter  we  ran 
lean)  the  extent  of  the  electrical  Tariation  durinic  tbi"  portion.  If  n"w  we  can 
dtflerrainv  in  the  mme  way  the  ezcunioD  of  the  KalvanooKter  for  the  other 
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the  anode,  and  the  closins  contraction  is  wantrng.  With  thu  d<fSccii<IiuK  cur- 
rent the  exciiiui^iii  utarittd  ui  iIr-  uiiiuli-  iiK't:'i!i  witli  a  n-t^isitanue  a1  ihe  cathode 
which  may  nr  may  not  comph-tcly  b]<ick  il ;  hence  the  ojK.'nirig  contraction  ciliu^r 
fails  alto(F«thcr  or  is  greatly  dimimfthcd. 

Exactl}"  the  same  law£  ht>hl  for  tlio  inductiun  curretttK  a»  for  the  constant 
current.  Thev  also  stinnilate  at  the  cathnde  a«  Ihey  appear  and  at  the  same 
time  pruduoc  h  n?hihtance  at  Ihe  anode.  When  tht'v  are  titrniig  eiimigh.  Ihey 
have  a  !^timlllatin^:  cITect  »It>o  as  they  dii^appear  and  then  th<>  sCimuluH  etarUt 
Irou  llie  anode. 

The  fact  that  tho  ioduption  piirrents  prodiioe  a  rpsisfaiirp  at  ihoir  anode  is 
detnonatraled  hy  the  foUowiiin  fX|H^ritiji'iit :  &  m-rw  is  Hlirnuliiti-d  with  Hftra^nrf- 
ixig  induction  curreut»  which,  bv^fiiuiine  with  very  weak  shocks,  are  gradually 


Fm.  163. — Stimulation  of  m  npTVf  bys  Beriwt  of  ascend i nc  moko-  lutil  dfticcuilin^  ttreklf-indiirlioTi 
■hopba  of  inrroKiiinH  nirvtiHili.  'I'o  br  rrud  fmtii  right  tu  Ltft.  The  finM  minlranion  <jt  chcIi 
pair  wah  iibTain^l  by  ihi>  MocndinjE  rloAine  and  Uic  oeooiul  bjr  tbo  d«eces)ding  Qpcniiif 
•hocb.     Tlimp  »«•  ni)  '■  Rn|»> "  in  ibp  !■!  tcr  "rrlM. 


increased  in  strenfTth  (Fifr.  163).  The  height  of  the  contractions  at  first  incre«!»«», 
but  after  a  lime  di-crenai*.  juhI  with  a  oerfaiii  wtn-iijrth  the  mu*c1e  remains  at 
Iwtt  (Fig.  IrtS;   N"o«,  11-lS).     If  the  HtrerRth  of  the  -tlinekB  l>e  raiw^l  still   fur- 
ther, c<>ntraeliuiii>  n(>|H'tir  una  in.  ^\liieh  nt  itret  nrc  weak  (Nt^t!^.  Iti,  20),  hut  (trad' 
ally  bfeuiii'C  HtruuHcr  until   tht?   tiiiiiUy   may  liecome  Rupra maximal.     Witl 


MOTOR  SENSATIONS  471 

Likewise  the  thyroaiyteDoid  muscle,  wboae  finely  graduated  contractions  de- 
tennine  the  pitch  of  the  vocal  tonea,  appears  to  possess  a  very  delicate  muscular 
feeling  produced  by  the  afferent  nerves;  there  is,  however,  no  feeling  of  move- 
ment connected  with  this. 

According  to  the  view  which  Goldscheider  in  particular  has  worked  out, 
the  most  important  nerves  for  the  perception  of  passive  movements  are  the 
afferent  nerves  of  the  joints.  The  sensations  of  pressure  and  tension  in  the 
soft  parts  of  the  limbs  not  only  do  not  produce  tlie  sensation  of  movement, 
they  even  interfere  with  it.  Again,  since  the  tlireshold  value  of  the  sensation 
— i.  e.,  the  smallest  passive  movement  which  one  can  perceive — is  not  influ- 
enced in  any  way  by  the  degree  of  contraction  of  the  muscles  when  the  passive 
movement  begins,  cooperation  of  the  muscular  sensibility  as  a  factor  appears 
to  be  excluded.  Finally  the  distance  described  by  the  moving  force  bears  no 
relation  to  the  amount  of  sensation  which  one  experiences;  the  determining 
factor  is  the  amount  of  rotation  at  the  joint. 

Lewinski  made  some  experiments  on  ataxic  patients  (cf.  page  472)  by  mov- 
ing their  limbs  very  slowly  and  very  slightly  at  the  ankle,  knee  and  hip  joints, 
part  of  the  time  pressing  the  parts  together  at  the  joint,  part  of  the  time  not. 
When  the  parts  were  thus  pressed  the  patients  always  perceived  the  movement 
very  exactly,  when  not  they  could  form  no  idea  of  the  motion. 

The  perception  of  active  movements  likewise  results  from  the  rotation  of 
the  joints.  To  this  are  to  be  added,  however,  as  contributing  factors  the 
sensations  connected  with  the  tension  of  the  tendons  and  their  epiphyses, 
possibly  also  the  sensations  aroused  through  the  sensory  nerves  of  the  mus- 
cles. These  sensations  concern  not  merely  the  tendons,  etc.,  of  the  active 
muscles,  but  also  their  antagonists.  In  a  passive  movement  the  tendons  simply 
follow  the  pull;  some  are  stretched,  others  are  only  under  the  tonic  resistance 
of  their  own  muscles. 

In  active  movements,  especially  if  the  joint  to  be  moved  is  loaded,  we 
also  experience  sensations  of  weight  and  of  rpsistance.  The  nerves  of  the 
joints  and  of  the  tendons  are  again  of  the  first  importance,  the  pressure  on 
the  surface  of  the  joints  and  the  tension  of  the  tendons  varying  according  to 
the  resistance  or  the  weight. 

Jacob!  has  called  attention  to  still  another  circumstance  to  which  he  ascribes 
great  importance  in  the  determination  of  the  size  of  a  weight,  namely,  the  com- 
parison of  the  amount  of  nerve  force  employed  with  the  latent  period  of  the 
movement — i.  e.,  the  time  which  elapses  between  the  act  of  volition  and  the  incep- 
tion of  the  movement.  The  latent  period,  in  his  opinion,  depends  upon  the 
amount  of  nerve  force  employed,  and  with  the  same  amount  of  nerve  force  ia 
proportional  to  the  size  of  the  weight. 

The  sensory  nerves  of  the  skin  appear  commonly  to  be  of  but  slight  im- 
portance in  any  kind  of  motor  sensations.  The  sensation  of  weight  remains 
unchanged  after  the  skin  is  rendered  insensitive  to  touch.  And  yet  cutaneous 
sensations  appear  to  contribute  something  to  the  quantitative  refinement  of 
A  sensation  of  resistance  as  well  as  to  the  localization  of  the  sensation  and 
BO  to  the  formation  of  a  clearer  total  impression  {Goldscheider  and  Blecher). 
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the  anode,  and  the  clo8inir  contraction  is  wantinB.  With  tho  dc-sci-udiiiK  eur- 
ruiil  tliL'  fxcitatioii  ttiartcil  at  lliv  fihoiIl-  nuclei  with  a  rcxiitlniice  rI  the  cathode 
vhioh  may  or  niny  not  completely  hinck  it;  hence  ihe  opening;  contrartion  vithcr 
faik  altogether  or  ia  gTCzt]y  dimiuisbc-d. 

Exactly  the  same  ]&ws  hnld  for  the  iiuluctiun  curre/its  a&  for  the  constant 
current.  They  also  stimulate?  at  Iho  eathode  as  they  aj)po«r  and  at  the  same 
time  [inMliire  a  nwislanfc  at  the  atiode.  When  they  are  strong  entnigh.  Ihey 
hav«  a  »>timitUtiQg  vlluct  also  as  they  disappear  and  then  the  5limulu5  6tart.« 
from  the  anode. 

The  fact  that  tho  induotion  ctirreiilj*  ppoduce  n  resistaiife  at  their  anode  is 
df'iiioiiHtrnlii'd  by  (In-  fullitwiup  t'Siirriniviit :  h  tici-vt-  is  stimulattHl  witli  narend- 
inff  inductiou  currento  which,  beginning  with  very  weak  shocks,  are  gradually 


Vw.  163.— 41tiinu1&tguti  of  »  iu-tv*  1>>-  m  aphm  of  uooniliniE  inftk«-  uid  ilmwuiltii^  tirrbk-indudion 
•tiMtka  of  Lnor<>*'<inK  HirrriKili.  Tn  hp  t<^[|  froTii  right  to  Ii-fi.  'I'bii  first  oDnlrkMign  ■>(  eneli 
pair  «r<M  i>litiiinnl  hy  rlii-  MwviulinK  duniiig  laui  Uif  dccood  by  Uic  dcMcnding  (i|M-niiij; 
•Ikwck.     Tlii^roare  no  "Kai*."  !n  tlip1alt«r  scrlea. 

inptt^nsed  in  strrnffth  ( ¥\g.  163).  The  heit^ht  of  the  oontroetion.*  at  first  increoHPS. 
but  aftvr  a  titni*  d4*ctt;ii«(.-M.  and  with  h  certain  "tn-n^th  iKi?  tnunrle  n-niain!*  ut 
rest  (FiK.  I*W;  Xw.  Jl-IS).  If  the  strei'irlh  of  the  nliiw-ks  be  rsiHefl  still  fur- 
ther, contract imii^  a|i|icnr  aiiaiti.  which  :i1  first  nrc  weak  (Nos.  19,  201.  hut  ftradti- 
ally  Im'ooihc  tttroUKcr  until   Ihcy   fiiinUy   may  become  supra  maximal.     With   a 
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wsriifs  of  shcxdu  of  increasuiifl:  (*la'UKlh  we  have  therefore  a  gap  in  the  resulting 
contractions  (Firk).  This  is  only  observed  with  the  asocn<!iii(i  ■■urr<m1a,  «nd 
U  the  rtMuH  of  n  block  at  the  aiir.dp.  The  abneiice  t'f  t)jv  rtJiiImi-lioiiJ"  is  there- 
fore entirely  aiialofcotin  to  the  cum-npundiiiB  ph«noini'iih  for  the  strong  UKceudinffj 
constant  currpnt.  Th<'  fontractious  roming  after  the  imp  and  RmdiiaLl.T  inrreaa-] 
inv  iu  size  an;  iinxiui^ed  rcnDy  by  (he  excitation  taking  place  at  ttir  iJiHappear-j 


Fio.  IM.^-tiehitnftlir  n>prr9H^n(a,lti>[i  of  th>>  ilialribiitioii  of  an  eloclrii'  ritrrrnt  in  b  biiniaa  ami 
.  on  appltcatiun  at  two  electnxlni  over  a  Dervc.  aft«r  <1«  Wktlaville.  i 

aiKw  of  ihf'  induction  current,  and  are  to  be  rcgartlcd  for  this  reiiMin  af>  n  »ort 
of  opening  rontmrlions.  Bui  further  disuniiuiion  of  lltvir  nature  here  would 
emrry  us  too  far  afiold. 

The  atiniiiUting  cfTecl^  and  the  aJtcratioos  of  excitability  proditcod  hy 
Iho  ehTtric  currt-ni  follnw  the  «nnir  laws  in  human  ncTre*  a«  tn  the  ex»oct«d 
trog'g  ncrvea  (Waller  and  de  Wattoville). 

In  experiments  on  living  men.  the  electrodes  of  ccuitsc  cannot  be  applied  t<t'. 
the  norveM  tliem»f>lvf«,  but  nan  only  t>e  placrd  ou  the  skin;  the  nerve  is  stimu- 
Intc^l  then  only  by  the  thrends  of  current  which  iient-trate  thai  far.  It  will  be 
clear  ut  <>n<f  that  ilie  dcn>*ity  of  that  portion  of  the  current  reaching  a  par- 
tirular  nerve  will  lie  gn-ater  the  ncarttr  ihf'  nerve  lica  to  the  Hurfac«  of  ihfi  j<kin. 
Conupqrpnrly  in  Ufting  the  current  for  thorapentirr  purposes  the  elwrtnides  are 
applied  to  the  xkin  at  those  points  where  the  nerve,  which  it  ip  deaired  to  stimu- 
late, can  l»e  r*'«elie<l  most  directly. 

The  effeotire  unode  is  of  wiurse  the*  placv  when-  the  current  «iter*  the  nerve 
itwif.  the  effective  cathode,  the  place  where  it  leaves  the  nerve.  If  bt>th  polea 
vers  to  be  placed  on  the  skin  over  the  nerve,  as  in  Fig.  1A4.  anodei)  and  eathodee 
would  lie  prex-nl  at  alnKi"!  every  |wi!uib1e  point  along  the  nerve,  as  indicated 
b.v  the  radiating  lines.  K»-idently  such  an  experiment  would  n<il  be  ndnpled  to 
tbi!  study  of  elcetrical  rffivl*  on  human  nerves.  The  monopolar  method  io  tlwr^ 
fore  UB«d,  the  current  being  couveyud  to  and  away  frum  the  body  by  electrodM 
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of  diffprenl  niw,  n  !arb'<'  tme  (13  X  fl  cm.)  npiilieiJ  to  llie  breast,  and  a  Bmall  one 

(0.5-2  cm.  diuinettr)  Hitplif^'d  iivcr  the  nuhtor  jKiitit  lo  be  lL»tid,  Supiuisc  now 
lilt!  larK^  elettrtidu  is  ibi*  an<i<ie:  the  current  enUfrsi  ihi-ti  with.  irlalivi*l>'  Iww 
dpiieity,  aprcada  out  tkrough  liiu  buU,v  with  still  kvci  density  and  tiiialLj'  L>oncvts 
at  the  (■atSodu  with  great  ilcnaiiy.  Siiict;  now  iJit.'  fffftna  uf  a  rurrt'iii  dt^|>eud 
upon  its  density,  it  f'lHnws  llint  with  furrenle  nf  nindi-rate  stri'iiffth  llu**f  i-fTtf!* 
will  apiiL'ur  I'ldy  at  the  HiiiHllcr  cli-clrodf.  Some  of  tht'  matiy  ibruads  uf  eurwiil 
rcarhliiiK'  the  i^mnllrr  rl^cInKk'  fmin  all  pan^  of  ihr  body,  will  iiciH'HaBrily  pHsa 


"to.  105. — HchramUi'  [>-priAi  ii'i4lii>[i  ui'  tlii;  riilriiiti'i'  iriti-  iuilI  L'\it  from  a  nervo  uf  it  eiUTont- 
npplji.-'I  lo  lilt'  ekia  over  'lie  in-rvc,  nfier  ilo  Wiitimx-illi-, 

throuffli  the  iiervi'  uiidrrit.    The  pffcctivc  cathode  of  iht'  fniiTeiit  lies  where  tbcw 

thrrads  pass  out  *if  the  Hi'tvp.  and  if.  a^  we  havf.  ii'^^iimcd.  ihf  mnnllcr  i-lcctrtKle 
in  the  ciitbiHlc,  otluT  ihinpi^  bfiii^r  ci)Unl,  the  curn-iir  will  have  its  grtvitrHt  possi- 
blf  lifiisily  ibprf.  If  tin-  ciirn-iit  ii*  reversed  sn  that  it  imw  fiiliTii  llii'  budy  by  the 
siimller  electrode  (""'u^h  is  still  over  the  nerve),  the  idiK'es  wLi-n-  the  ibrendK  uf 
ciirTfiit  leave  ihe  nerve  constitute  as  before  the  effeetivp  cathode;  the  dcnsiiy 
of  the  current  now  however  is  less  thati  in  the  first  case  (Flp.  165). 

Thf  polar  lair  of  cscUaliun  applies  also  lo  mtiifch,  both  with  (In.'  constant 
and  induction  iitrn-nl   (v.  Hezo!<l,  Kn^-lniatin,  Uiedt^riiiiuin ;  vt.  jiu^e  111!). 

Wp  have  a  wry  instractive  proof  of  thix  in  ihi-  "  [xdar  fitihire"  of  excita- 
tion diBcnwrcd  by  Bietleruiann  and  EnselmanTi.  If,  for  cxainple,  the  end  of  a 
fnty'*  sarloriiis  inu^cle  be  iiiirciiiiacil  and  tbt.-  eallimk'  be  a])plied  to  this  injured 
ptnri'.  on  chwinR  the  oiirrfiil  the  muscle  reninins  iit  rest.  The  nomiul  niuAoln 
eiibalitncc  is  uot  stimulated  b.v  the  closure  of  n  current  a*  il  pEissK'  from  the 
normal  to  the  purnlywd  or  dead  niuselt;  aiihstance,  and  the  mere  pnsisnfre  of  a 
current  is  not  suflicietil  l«  discharjfe  the*  eontraeliuii  (L"cke  niid  S7.,vmHniiw>il(i). 
Bitniliir  iilRiiotnenu  riiny  In-  fhowii  ou  uiH^nin^  cf  tlie  current  when  the  anode 
is  placed  at  the  injurtvl  place. 


E.  EFFECT  OP  A  RAPID  SERIES  OF  STDIDLI 

If  a  nerve  or  a  muKcle  Ix*  affected  by  two  stimuli  in  rnpid  suoccwiion.  po 
that  the  action  rciultinj;  from  Ihe  first  Ims  not  yoi  cfimc  to  an  end  when  the 
second  heeonie;;  elTeclive,  the  retnxniion  which  wonM  olhcrwiM'  follow  llio 
first  contraelion  ie  interrupted  and  Ihe  elTcel  of  ihe  sr-cotid  stimulus  i>  added 
to  the  firft ;  conM*|nently  the  contraction  of  the  mnecle  is  RTcater  than  it 
cnmmonly  would  l»e  n*  the  re^tdt  of  a  sinfrlp  .itimulns.  It  U  only  when  thp 
bmd  of  t})c  inn^cie  ii^  very  Hchl  Unit  il  eruitrnctit  a^  strongly  to  a  single  stimuhiK 
fls  to  rapidly  r?j>ea(ed  stimuli  (v.  Frey). 
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In  tummaled  ronlractiont  tlio  iiM^'fUfliiiK  limb  of  tlw  suoind  i*un traction  varro 
U  ste^jier  tliuii  tlmi  af  ihc  rirsl.  hent'e  the  nuininil  of  llip  rpcouiI  npiM-ur^  curlier 
than  would  be  ixini-lcd  if  Us  mursi'  wen'  lln-  Mime  ajt  tin;  first  (v.  Krit«).  Tho 
latoDt  iM-ritKl  of  ihi?  aiii«?riinpi«cii  rontroelion  is  nltwi  snid  to  be  very  much 
shorter  ihnii  ihut   fnlluwiiiK  tlic  fiml  slimulua  CFh'Iv). 

tii  order  ilint  Hiicit'!«Ki vt.-  T^tiiiiuli  may  priHluco  :i  miiunuitiini  thu.v  must  not 
follow  (iiic  anciilur  roo  rtipitlly.  TIir  smalli'st  iiitm-iil  posisihlp  fnr  any  pivrn 
pn-pariiliiin  dcjH-mlft  iipim  the  rcmpcrutHn*  and  the  MPiiirtli  <'f  itiu  stimuli:  for 
tho  ncrvt's  of  the  frog  at  ordinary  ronm  trmptrotun'  it  riiny  Iip  Mtimfltnl  nt 
about  O.IHIl  to  ().)MI6  (KH^nd.  Wf  have  u  rffrartart/  iirriui!  iht-rt-foro  in  iivrvcs 
and  Hkctctnl  rnu9K.*le«  just  an  vte  have  tii  hpart  muHcIt*  (cf.  page  18ft). 

If  more  than  two  «liiniili  iiffi-ct  tiiR  nvrvn  or  muscle  at  Mitlicii-iitlv  ehnrt 
intcn-nlf  tln'  rontnicfjon  nf  the  niu«cte  tiocome*  atill  jTrt-att^r,  ami  i(j*  curvp 
i«  ]ii,Tfirlly  lontinunus.  .-ihowinf;  no  SL-paratu  sizmniiU  (cf.  Fig.  ItiG).  This 
form  of  contrautinii  \»  called  telanun. 

Complete  tclaniip  appears  only  wlien  the  tilimuli  follow  oiif  aimlhcr  so  rap- 
idly thai  tlie  tiilor\-nl  lietwiori  tliciii  is  W-fn  than  the  timr  o>nntpic>d  hy  tho  active 
tihortciiiiit;  of  ihrj  mitKclr  when  ihut  in  mnxitna].     Thr  frerjuciiry  dcpcnrU  tlicre- 


I 
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I'm.  100, — Teianua  curve  u(  tbe  fruft'ti  icaetrtfcni'uiiuM.  after  hohr. 


Twrn(y-#evffi  ulimuli  p«r 


fore  primarily  upon  tlic  tHdi)ivir>r  itf  llit-  muKrl<.>  to  itiiiiKU*  xlimuli;  the  more 
rapidly  a  Kinglc  cnutmfl.ion  ninp  itti  4v»unip.  the  motp  frc*<|t»fntly  niUHt  the  stimuli 
be  sireu  to  pniducc  coniplclc  tetanus  Tbi^  in  iM'Aiilifully  i^howu  by  the  l>ehnvinr 
nf  muwlc^  of  wnrm-ld<H>(U<d  iiiiiinnl.'*  oom|iiMcd  iimiiily  of  rw!  or  white  fibcre. 
Tbe  n-d  so!eii»  muHcIc  of  the  rabbit  falU  into  nbiun't  complete  (etnntis  with  t*n 
stimuli  in-r  si-o<"iid.  while  the  while  gftstrofnemiut  mtttiu*  with  tlie  namu  fre* 
(jui'iicy  of  Ktimulutii^ii  (.■!%■(•«  vir>'  evident  >>ii)irlc  contraeliiiDt^.  A  fretiuciiey  uf 
six  stimuli   per  xecoiid    iK>rmit«i  the  white  muHclu  to  relax  almost  cumplelely 
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between  coiitractious,  wLvreas  it  kc>(;p«  the  red  muDciu  almuet  cuutLuuuutdy  coa- 
trittiCiKl  (Rniivier,  ICrDDccker  and  StirlictK:  ff.  I'IK'  tt!T). 

ETeryllilng  which  tends  tn  make  rhi'  single  cdiitrHclionB  iiccupy  more  time 
oporflte*  to  rtducc  the  frt-quc-ncy  o£  slimulntiwi  uocossary  to  evoke  complete 
tetanus.  Thus  fntiKiied  muwl«?«  are  thrown  itiUs  tetanus  with  a  low«'r  frequency 
than  unftitiKiii'd,  iM-cfiu^e  their  citnlrartiorii^  ore  slfiwer. 

Thf  mort>  thp  frequency  is  reduecd  he-low  that  whieh  18  just  sufficieut  to 
prndiioe  telAiiiiA.  thp  iiinre  di«tinrt!.v  do  the  I'lmlrju'lidiiti  prudiicoil  by  the  indi- 
viilu»I  ntiiiiuIJ    ?(tiiii<J  out   from  on*.-  aniilht^r,  iiiitil   tinull.v   IhO<pw  a   (.vrljin   fre- 


A  B 

Pio.  167. — Trtaiiiiit  minT*  of  llic  wliitr  (lowpr  tnuhnjp)  nnii  of  ihr  r»>il  (Mppcr  iracinB*)  muwlea 
of  the  rabbit,  liter  KTontckur  ami  StlrUag.  To  bo  rcail  (raiti  rigtii  to  IcfL  A,  t«n  stimuli 
per  aoognil.     B,  aix  aUinuli  pt^  dm.'oiuI. 

quency  there  is  no  fusion  whatever.  We  hnvc  therefore  all  possible  grudutluns 
betwei'ii  th[^  isoliitcd  rtrntraetioiiu  and  c()tnj)k-ie  tftaniiH.  Thiri  migg^^tH  that  teta- 
nus ilMdf,  iiutwithi!itawling  the  conliuiiDUs  eurvu  by  whieb  it  is  represented 
Kniphiealty.  is  R*nll.v  a  <hsconlinur)U»  jtrocesKi,  and  eL>iuplete  proof  wf  this  i& 
fumi»hoil  by  the  tl(«trieal  varlatitma  uecntnpiitiyiitR  lelanua  (puiJre  4!i3). 

How  ore*  we  to  eoneeive  of  the  pn^'es^irs  going  on  in  the  inuselo  iu  tetanus? 
One  si^iifieant  fact  la  that  by  artitieially  supporting  the  muscle,  so  that  it  doen 
not  lift  it&  weight  niitil  it  )ina  eontrueled  Horrte  <li»>tanee,  the  i^itigle  eontruetiuiu 
cau  be  made  tu  reach  the  etame  height  n^  tetanut*  with  the  saroe  atreugtb  of  cur- 
rent (v.  Frey).  We  may  say,  therefore,  that  in  tetuuus  the  muscle  contracts 
to  ilit  utinuBt,  [H<CBUt«  to  A  et-rtain  extent  it  i.^^  Hippi>rt(tl  on  ili^elf.  In  adilition  to 
thia  the  irriialiilittf  of  both  nerve  and  muscle  Eh  inercaseil  hy  a  previous  stimu- 
Ifltioii^i.e..  if  the  excitntion  is  not  loo  strong  or  does  not  eonlinne  so  long  ha 
to  hividve  niiieh  fatigue.  Ilenee  not  iiifret|ueully  it  hapfHiiiK  (but  stimuli,  whieh 
of  Iheniwdvea  are  ineffective,  become  effective  merely  by  being  repeated  with 
sufficient  frrqueuey. 

Tetanua  may  he  lookitl  upon  therefore  (lh  a  sort  nf  heapinq  up  of  hmall  con- 
tractiona  due  to  the  rapidity  of  the  slimuli  and  to  increased  irritdbility. 

F,    VOUmTARY  COHTRACTIOtIS 

If  we  compare  voiuntarv  ct>ntraeti«n-i  on  the  *an]e  drum  with  the  rapid, 
twilchlike  luutM-uhir  ninlraetifm  pmdiited  h_v  a  sin^jle  arlifieial  stimulus,  wc 
discover  thai  the  former  are  Imlh  nlovrrr  nnd  hfs  abrupt.  Comparing  them 
with  the  contractions  ohtniiied  hy  rapidly  repeateil  sh'X'ks.  we  find  more  in 
commDn.  Many  olher  eircunistanreit  strongly  (lupport  this  rettemhlancc,  the 
most  important  of  them  heinjr.  that  the  volunlarv  cmitrHction  an  well  as  tlic 
contractions  which  appear  rcflexly  with  strj'chninc  poisoning  are  accompanied. 


siaNs  OF  Acrivrrv  in  muscle  and  nerve 

just  lis  tf^lanus  in.  Uy  iiciion  ciirn^nls  which  sifrnify  a  discnntinuoua  excitation 
iLoven).  But  it  is  wortliy  of  note  that  the  riiytlmi  nf  lhe.se  action  currents 
in  vuluntan-  oontrflotiom,  and  oihoiN  prnduccd  umloT  the  intliioniN''  of  lh«* 
ec'utral  nervous  system,  i»  only  nlwiul  hiilT  iw  rapiil  a«  Iho  frwim-ncy  i»f  stiniu- 
latinn  nott'ssary  to  |>roduoe  a  eoniplpte  tetanuj'.  And  yiil  tlit*  voluntary  con- 
iractinn  as  ordinarily  rt-corded  is  i|uite  continuous.  This  must  be  due  to  the 
fact  that  the  siugle  impulsutt  si'iil  out  to  tlii>  muscles  from  the  central  organs 
lo  pnKluci.-  a  volunl^iry  cuutraction  la:<t  Inn^c-r  than  the  ordinary  instantaneous 
stimuli  (Lov^n),  and  that  the  (ncparalo  twitches  are  therefore  more  readily 
fuiUHl.  We  know,  inrleed,  that  a  *^  lime  stimulus"  (page  ViS)  is  longer  drawn 
cut  than  a  momentary  utiniidu!*  am]  that  it  U  thereri>re  better  adapted  (o 
produce  suninialion  with  a  low  frequency  of  stimulation. 

The  tppmbltng  of  the  muscles  which  aceompanice  a  strained  effort  to  otct- 
eoiuc  si'nif  ureal  reftislance  or  an  nlloiupt  lo  ImM  n  imi^ele  ciiiitr«ct<-<l  voluntarily 
to  il«  utmost,  are  (teiferBll;  rL'gardi?(]  us  expressloiw  of  the  individual  impulsc^s 
di»ehftrKed  from  ihe  eentral  nervous  iiyttiem.  The  retridaiion  of  the  inuervatiiiic 
nii*<*liaui»mK  wonld  aeem  in  thiwi!  raww  to  be  disiurlx-d  in  some  way  smi  as  Ui 
nff<'ei  the  funion  of  the  Roparate  eontrnetions.  Tl  has  been  !*hn«-n  thiil  the  num- 
ber nf  such  uAoillatiotiis  |>or  tk^-coiid  varies  in  man  from  seven  ur  eifrht  to  twelve 
nr  Ihirle*-!!  (I>ivi'n.  v.  Kries,  Schjifcr).  The  K'*^**e*t  miineuliir  i-ffortsi  are  made., 
it  appears,  with  a  frvquenoy  of  ten  to  twelve  impuLuw  per  second. 
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§4.    SIGHS  OF  ACTIVITY   IN   MUSCLE   AND    NERVE 

A.    BLECTRtCAL   PUEKOHERA 

1.  Action  Current. — The  j-eueral  law  of  Ihe  elwlrical  variation  known 
aa  the  action  current,  which  make:*  ilw  apfiearantv  when  nerve  or  muscle  is 
actife,  has  already  Ix<en  given  ou  page  48.    lu  Tiew  of  its  groat  importanca 


'-V  V  v^v 


Fh]   IOS. — St-)irma  illdBlnilliv  a  riiMtoni«  expniment. 

for  the  gi'neral  physiolng^-  of  nmspIiN  and  nerves,  however,  we  must  diacvM^ 
it  here  somewhat  more  in  detail. 

In  order  to  studji'  time  ndations  of  the  action  current,  one  can  uu'  either 
the  capillary  eltictronietcr  whose  excunioiia  can  be  recorded  by  ibe  photo^raphio 
methotl,  or  the  re]Hiilinir  rheototne  of   Rernslr>in. 

Suppose  we  hnvu  an  eleetrieal  variation  of  the  form  rcprracntrd  in  Tig.  168. 
The  K»lv«iioiiieter  is  twi  nlow  tn  repnwluee  tbia  form  corrwily.  Rut  if  we 
arrnnire  the  exprrinn'iit  »o  thai  a  definite  portion  of  each  VHriiition  of  the  cur- 
rent— e.  ft.,  that  iiieluileii  berween  a,  and  h,  in  Fiji.  Ifl.*^— affects  the  Knlvnnnmeler, 
niid  lhi»  is  repealed  many  times,  frnm  the  exenrsion  of  the  pulvnnometer  we  can 
learn  (lie  extent  of  the  eleclnenl  Tnrinlioti  dtiriiiH'  thi!!  portion.  If  now  wo  can 
determine  in   the  fume  way   the  exciintion   of   the  galvanomMer  for  the  other 
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IKiiutibk'  to  obtai 


y 


m. 


portions,  say  b,  ic  c,,  c,  tcj  d„  li,  tn  ir,,  i-u.-,,  «if  (■(■iii<<i*  it  will 
the  form  of  tlitf  entire  variation.  An  apiJiirulUM  wlik-h  wuutd  ('liable  ui>  to  uiakti 
such  ilt'tt-nui nations  iuumI  iicniiil  of  i-unin-i^iitin  wjlh  ilu'  eiilvjinonK-tfr  al  a 
definite  Tnuitu'iit  nfur  tlio  tx'giiiiiiii^  of  llii-  viiriuliuii,  ami  nf  Lri-;ikiiiK  this  o»)ii- 
n«L-tiou  at  any  dwirtrd  uit>ui>eul  tluriUK  Hie  viirLulii>ii.  Siik-v  the  elt-clricul  vuria- 
tion  in  mus<^Ics  niid  iiorrcs  is  startc*!  by  tlic  rxcitntioi),  tin-  ivtiuiwtinTit.-*  will  bo 
met,  if  The  galvarititneter  circuit  can  b*  clt)«cd  or  broken  at  any  (fiTcn  intcrvul 
aft«r  tt^  iiistniit  uf  slimulaiioii. 

The  rheotome  of  HeniHtpin  (Fie.  Ififl)  coiiftista  of  a  wIjlcI  (r>  rcTolvinK  about 
ji  viTtii'Bl  (ixis.  and  cnro'inp  on  its  circumfon-tK'r  thret*  nn'liil  iiftf:*.  oiif  of 
wliii-h  (r)  drives  tW  BtimutuB  to  Ijif  nerve  by  "•bwinnf  or  .iptninp  tlir  priuiwry 
curi-cnl  to  HO  iiifiuction  coil;  tbe  mber  two  pefis  insulatcil  fmni  ihe  Hr^t.  but 
ill  plet'thcftl  eonniflion  with  nirh  olher.  bpi^-p  t<]  eh>¥e  iind  open  ibe  Knlvanomrter 
circuit.  Al  each  wvolntiim  of  the  wheel  ihe  ]ietrs  r,  nnil  r,  ilip  inlo  the  nierciliy 
troughs  iq,  niid  q,)  Pt-spL-clivcly  which  arc  cwnnocted  with  the  itiuselc  on  ih*.-  one 

hand  and  tbe  pHlvanonielcr  on 
the  other.  The  mercury  tniuglia 
are  muvjible  with  re«i)ect  tn 
eneli  other,  wn  lUiit  the  dura- 
tion of  the  ifalvatiometiT  cur- 
rent emi  be  VHrieil  within  wiile 
limits.  If  now  the  whiH-1  i*  re- 
volved at  A  cerliiin  speed,  with 
each  revolntinn  the  nm^'le  will 
rueeive  »  i*tiiimluc  and  llie  jjal- 
vunoinetcr  circuit  will  be  eloHcd 
for  a  cerlniii  dcKiiite  time  after 
eflL'h  ><tiinulu».  If  we  haw  the 
two  contacts  so  nrrungtx]  ihnt 
the  KnIvMiionii'ter  ia  cimiHftrHl 
with  tbi'  muHcle  at  the  (>nmt* 
iiiMtant  that  I  be  stimuluis  is 
jriven,  the  exi-ur^ioii  of  iIk« 
Ka  Eva  Home  ter  will  peprp*«*nl 
the  lirft  part  of  the  ruriatii-m 
evoked  by  the  »<timu)ufi.  Then 
by  nhiftinfi  the  contaem.  the  Bnlvanonielcr  can  l>e  eojineetcd  at  diffen-nl  inlt-r- 
vuIk  frdliiwinK  the  instant  of  slimulntion  until  the  c-ntin;  variation   i«  reeottIe<l. 

If  n  muscle  (nr  (ho  hejii^)  or  n  nerve  he  ponnpcted  nt  two  uniiijurttl 
places  {a  and  b.  Fig.  17't)  with  a  pnlvainonieter,  and  it  Uf}  then  slirnulntt^I 
nt  some  outside  iinint  (r).  Ilic  ^.-illvanonielcr  shows  Hint  tlie  ]>oinl  a  jiilimted 
nearcT  Ihe  point  of  slitnnlnltnn  bwtunes  elii-trieally  neijalivp  tn  fi,  nnd  tlien 
tin-  tnrn-nl  is  ri'versetl  and  h  Kcooines  nc;;attTr  tn  ff  (cf.  payes  -18  and  IVft^^H 
The  adi/m  nirrntt  Ihrrefnrf.  mntiutiF  nf  Urn  phfisfis.  each  of  which  gives  cx^| 
pression  lo  llie  g<'n«ral  law.  that  e^-erv  nettvn  point  nf  a  mii^^Ho  or  npiro  is 
eUTtrif-flllv  ncjrntivf  to  every  r^rsliiig  pnit\t  (pane  4H),  When  Hie  exeitjilioi 
spreads  fmm  Ihc  point  r.  the  nearer  nf  the  two  i»oinl.s  natnrally  )M>roiu< 
active-'firct.  white  Ihe  more  distant  point  (fc)  is  still  resting;  hem-e  th^ 
first  phase.  When  Ilie  exeitntion  renches  the  point  h  and  the  point  n  first 
slimulatcil  ha^  gradually  pa-ssed  into  a  rei^tiDg  state,  the  »e»md  p1va.»(> 
appi^ars. 
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Fifi.  109, — Rhootome  of  BcmMcJn. 
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The  action  ctirpent  does  not  n'prtwcrit  an  artificial  product,  lait  is  a  process 
iDtimalely  coiincctetl  wiiJi  Ihe  procpsa  of  cxDiiatiou.  for  it  is  protlucLvl  by  all 
kiuils  of  stimuli ;  it  is  pro|iugiitcil  nt  tlu*  mnw  raU-  of  spw-d 
flji  Iho  I'Xritation  and  varies  in  strength  to  a  wrlain  ex- 
tent with  thv-  etruiif^h  of  stiniulHtion. 

If  iho  iicrvf  or  llic  iiiuwli-  k-  ktl  off  U<  tin-  K»Ivaiionietpr, 
not  fnmi  two  [joiiitii  <>ii  ihf  loiittiluiliiiu]  Hurfuw,  but  fmm 
the  latiRiludiiJul  fiurfucc  tiitd  n  cr(it<9  5<H'tion,  lliu  .stvniid 
phaou  of  llir  in'tifiii  t-urrL'ut  n«  lunifcr  ai)|>e<i'^i  but  ihf  «ur- 
rent  i»  now  dinvtol  fmiii  lli4<  tuiifiitudiiiiil  niirfiii"r-  uror  to 
tho  cross  !*c-i'ti.m.  It  wft«  in  this  f"rrn  (hut  lh«'  ai-tioii  i-ur- 
n-iit  wnn  fiwi  dist'iivcriiJ,  SIikv  it  ruiK-  iu  tht*  uiipmsite 
([irc'i'limi  frum  ihv  L-urrt'iil  v(  rv*l  {»y.-v  im«u  IH)  it  was 
Ui-t^iuiiuUtl  by  l>u  li<)i»-lii>yiii<)iiil  as  ihe  neijulive  vnrUition 
of  th<*  funvnt  of  rmt. 

TIjv  acliim  (.■iirruiit  is  llic  only  functional  chanjit' 
which  wc  have  ihu^t  far  Ihh^^u  ulilc  to  oIimtvc  in  living 
non'L's.  It  is  of  great  importance  also  for  Ihe  ix>HMin 
tlmt  it  iMTiiiits  iw  1o  doterniino  the  naiurc  uf  dijjy  miw- 
ciilar  fiiiitnutiost. 


I"lu.  ITCH  —  Stliprii* 
tUui>imiii|c>H>rrxl 
uf  An  ■■xciLnLiui) 
CAutunit  an  ■ction 
ourmit. 


We  have  already  bccomt'  aciiuHiuttM)  with  uo  i'xnuiple  nf 
this  in  Klixlyiiiiir  tin-  }i4iiri.    Thi*  artitm  ciim-nt  ihcre  xhouxHl 

un  ihiK,  iiDtwithbliniilin);   jin  \«up  dumiioii.  thi*  contraction  of  the  heart   i»  in 
reality  ti  ?>im|tlc  innnL-nliir  twitch  tcf,  |>iiifc  ITff). 

Tbtrc  urc  other  kinds  uf  cKtitritctinnti.  tike  t4?tiinus  and  rcilunlnry  i>c>ntra<^ 
tions.  which  HA  wi-  have  t^cen  iirc  ap|ijjn-uily  cii)]ttuui)us  but  which  the  avliun 
current  proves  to  be  diBeonttminiifs.  If  hy  the  iiw  of  the  rheotomt".  a  mntwle  ho 
titiiiniliitct)  i>fti-ii  ennuKh  !•>  [mHluii-  iiniiplctK  titnnii!!.  the  exeuninns  of  iltn  gat- 
runometcr  will  slmw  tlmt  eiieh  m^pHrHte  Ktimiiliiit  iiniduecit  ti  t>]teeinl  Melion  cur- 
rent  "f  ii^  own — i.e.,  every  eicitntlon  enui^esi  n  moleculnr  chanite  in  the  iniisele, 
ultlioiiuh  tlii<  change  may  not  Ik-  upparciit  iu  thi-  mechanical  behavior  of  tlie 
muscle. 

The  MclidTi  enrrent  of  musele  at-  well  ns  ef  ncn'c  j^  stronir  cfiomrh  to  have 
n  Blimnliitinfi:  nelion  <if  its  own  (Matteiu-ci).  If  the  ncnro  of  one  muceh-.  H.  b(» 
laid  aurue»  the  imlly  of  another  inusele.  A,  and  the  eveond  muacle  he  then  »timu- 

hll«l  ihruuRh  itu  own  nerve,  with 
each  contrnetion  of  A.  B  alw  con- 
tractu, and  this  even  in  ea»e  A  is 
f)o  leii-te  that  it  nn  longer  ehnngirn 
its  form.  The  contractions  of  B 
HKni-  minutely  in  number,  jtlrength 
anri  ^leiineiiee  with  thoW  "t  A.  If 
A  is  tetanizeil.  II  also  is  letnniiwd. 
These  phen«m<'na  are  called  aer- 
ondary  rontrartioiM,  «ceamlHry  lot- 
ann!>.  etc. 

2.      KUrlrotonic      Cnrrenlt.— 
When  an  electric  current  i*  con- 
ducted   thn>iifrh   n   certain   leikKth   I'f   n   mcdnllnliil    neni'e   and  another   portion 
of   llw   nervv   outride  of   this   length    \»   eimnvcled   with    the   galvanometer,   an 
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Fio.  I7I. — TlliiMrfttinK  ih*  theory  of  rkctroionMi 
currMiis,  aft^r  Tieniuinn. 
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exmirsion  of  the  needle  m  seen  which  indicates  the  pnMcnce  of  a  currciit  in  the 
portii'ii  It'rl  off.  This  curnnil  i^  in  ihv  »ait\i;  tli itt-l ion  an  ilio  current  ajiplied  to 
the  nerve  (callrd  ihe  polnritini;  current),  ami  ifi  aiiuktri  of  an  uu  eU-i'tn>Umic 
current.  The  strcngrh  of  this  current  di'iM-ntlB  mum  many  iliffewrnt  circum- 
8liincu«;  it  i»  stroiipi-r,  the  Icm  the  distuiicT  from  iht-  portiou  of  the  nerve  trav- 
entecl  by  the  pohtrizuiK  eurreul,  and  the  struuKer  tile  latter  is;  moreover,  Ihu 
chungo  (ill  ihc  frog)  is  Ki^oitei*  in  tlu^  region  of  thu  uuude  than  in  the  region 
of  the  cjilhode. 

The  eleclrotonie  curri-nts  are  braiichfj*  «if  ihe  pcilnrixiiiiid;  current.  According 
to  OrUiiUimcn.  they  arise  becaiiw  the  inner  parts  uf  the  nerve  tibers,  the  ojtia 
cyHntters.  are  hotter  eumluct'jrH  than  the  niedullury  tiheulhi'.  Coiise<|Ucntly  tlH.* 
currL'Ht  CE  in  Fip.  171)  eprends  out  over  nrrat  h^ngths  of  the  nerve,  and  when 
connertion  ia  made  frinn  these  cxirnpolnr  parttt  with  the  gnlvatiomeler  (G.  G"), 
the  thn'«d)«  of  eurrent  breftk  through  to  the  surfaee.  It  mny  l»e  fairly  doulittnl 
DOW  whether,  na  Hermann  itnugiiied,  a  [lolurizattiui  helweeii  the  inner  unci  outer 
parts  of  the  nerve  play*  any  part  in  producinu  these  electroloni<;  currenta. 

B.    THE   MUSCLE  TOHB 

If  a  person  ^^ieks  his  tiiiKor  in  hirt  ear  and  then  contracti!  his  ann  vigor- 
oualy.  he  heara  a  dull  aound.  the  pitrh  i>f  which  ha^  been  deurmincd  by  Wallaaten 
and  others  to  he  about  thirty-two  to  ihirtj'-six  vibrntionB  n  second.  Helmholtx 
obwn-ed  that  the  same  aouikI  Is  hear^l  verj-  eleflrly  if  the  enrs  (be^t  at  nifrhl)  bp 
Btup).>ed  with  drupi*  nf  Healing  wax  and  the  masaeter  innsele3  be  powerfully  con- 
tracted. So  louB  us  the  muiseles  remaiti  at  a  unifurni  leiixion.  one  liears  a  dull, 
roaring  Hound,  whoMS  fundamentol  tone  is  not  chaiiRed  materially  by  inereanintr 
the  lenHitni.  whereas  ihe  aeeompanyiHK  ruur  bt'coines  both  i^tronger  and  higher. 

IlelmhiillJ!  demoiiRtrulcd  further  that  the  vibrations  of  volnntarj-  miiselcM 
which  pruduce  the  muwrular  sound  do  not  oreiir  so  rcgnlArly  as  ihoB«  of  a 
musical  tone,  nor  so  rapidly  ae  thirly-two  to  thirty-six  per  second.  He  found 
on  the  averuae  only  about  uinetcea  per  seeoud.  The  muscular  ^ouud  is  there- 
fore nn  overtone  of  the  true  niuwie  vibratioiia.  SInee  the  pitch  of  thia  sound 
changes  also  with  the  condition  of  the  e«r  drnm.  it  fullowi*  ihnl  the  sound  expcri- 
encwl  is  a  rennnanee  tone  of  the  tympanic  inembranp.  prodmn-d  by  the  iriTRiilar 
concuBsiono  of  the  muscles.  From  these  facts  it  is  tint  dltBctdt  to  tinderstaiid 
why  the  tiimple  contraction  of  a  muscle  produced  by  a  siiifflc  stimulus,  and  the 
aystulu  of  the  lieart  us  well,  is  aecumpaiiied  by  u  miueular  Miund  [cf.  page  16dJ 


C.   THE  CHEMICAL  ALTERATIOHS  W  MUSCLE  DUE  TO  ITS  ACTIVITT 

Active  mn.'wle  aeqiiires  nn  acid  rfnction.  Thla  is  probnbly  due  in  part  to 
■n  increased  percentage  of  monophosphates,  and  in  part  to  the  formation  of 
lactic  acid.  According  to  Helmholtx,  working  muselu  contaiuH  less  tjubstance 
aolubte  in  water  attd  more  substance  ivnltible  in  alcoho]  than  resting  muscle. 
A«ain  it  is  slated  that  in  work  the  tolal  iiuantity  of  rrealin  and  erpatinin 
increases  and  that  of  the  xanthin  bases  decreases.  Finally,  the  percentage  of 
glycogen  in  the  muscle  diminishes. 

An  acid  reaction  has  U-cn  obsenwd  in  the  neighborhood  of  the  electrode* 
vheu  nerves  an?  Btimulnted.  Since  however  no  such  change  can  be  demon' 
sirnted  at  points  of  the  nerve  which  have  not  been  touched  hy  the  stimulating 
current,  this  acid  reaetion  must  be  regarded  as  «  direet  effect  of  ihe  current — 
i.e.,  flfftrriJt/sit.  Wnllcr  concludes  fmm  ci-rtain  phenomena  with  the  action  cur- 
rent that  the  nerve  forms  carbon  dioxide  during  its  activity. 


D.   MECHAHICAL   WORK 


The  nmniint  nt  mpchanicnl  work  Jono  liy  a  imiwnliir  contraotion  depends 
primaril,v  uiiuii  ilm  tilivn^tli  of  the  rftiniulurt.  ami  ii]ioii  tlic  load. 

I.  Effect  of  the  Strength  of  Stituuluit. — If  a  muxclc  bearing  a  constant 
load  be  stimuliited  with  n  ^rttilcil  series  of  slKK'ks  lietjiiininp  at  a  verv  low 
l«VL'I  and  mcicosing  slowlv,  it  in  fiiumi.  bolli  witfi  diruct  elerlri«il  sLimvilaliou 
of  the  ni\j«clo  and  with  nietliniiical  or  electrical  stimulation  of  the  nerve,  that 
the  height  of  the  oontrnclions  incrPases  more  and  moro  slowly  with  a  nniform 
iiicreaw  in  the  strength  of  tin-  stimuli,  mid  that,  it  tinally  ajiproaehefl  ita 
maxiniuni  nfter  Iho  rtinnnor  nf  ;iii  H»'vnif)to1e  {Vig.  172).  The  maxinuim 
slioneninji;  wlilch  can  he  ohtaint-d  under  the  niofit  favorahlo  circuin^onces 
with  a  single  txintraetion  ia 
al»out  twenty  per  (vnt  of  the 
natural  icn0}i  of  tlw  miiHcle. 

The  iiHiRciiIar  tension  oh- 
tainivl  with  a  maximal  wtiniulus* 
apphed  to  tht-  nerve  ii^  fnnwid^r- 
tibt.v  liinnlliT  than  that  I'bluLiit'd 
by  n  inaxinml  stiinilluK  ap|)lied 
direcjly  In  the  inusi'le  iiiielf 
(Dean).  If  this  is  true  of  rhe 
natural  atimulalion  from  the 
evntrul  inrrvmw  M.vstfin  also.  i( 
incfiiis  ihnt  the  niUBcK's  art-  al- 
ways capablo  of  won'  wurk 
Ihun  <rftii  cviT,  under  normal  eir- 
euiiHUancesi,  be  oblaintd  frutn 
th(!tn. 


2.  Efffrt  of  Load  wiVt  don- 
stunt  .*^linnthM. — We  shall  oon- 
nider  only  the  case  of  a  mavi- 
nial  stimulus. 


Kiu.  172.— Froit'eftHtroonMniuK,  StiisuUtJoii  of  th« 
nerve  wttli  brcnk-iiKlucliiia  ahocka;  UmA  coiuitiuit. 
The  ftbwiHBw  rrpnvmt  the  strniitth  of  thv  vtltDoUt 
Kic  ordLnatcn  tlw  hnjchl  of  the  cntilnuttum*. 


One  can   vary    the    way    in 
whieh  the  power  of  the  musele 

in  taken  up  by  mnking  the  contraction:  (1)  uo/on»e — i.e.,  where  the  load  ts 
constant  Throughout  the  «iiitn*ction;  (2)  auxolonie.  where  the  load  inrmaw* 
vonMlantl.v  thruUKhout;  and  (!))  by  stipporfing  the  had  Mt  that  it  i»  not  lifted 
uiilil  the  muftele  has  eontraeted  a  certain  Histancc  (HftLT-loadiHir). 

A  perfi-cr  utotonir  eontraftion  ia  pmbahly  never  obtaimnl.  Even  when  the 
mechanical  couditiou*  of  the  ^'xperiment  fulfill  the  roquirementa  for  iBotony 
a»  compU'tely  b»  p««»ible,  the  euntraetion  i*  retanletl  at  it«  hefcinninK  b.v  tha 
inertia  of  the  ma«*e>*  to  \n-  moved,  conse^iuently  the  tension  of  the  muBcle  is 
grvalerai  the  start  than  later. 

We  (lewiKnate  »■<  auxofonir  confraclionx,  fimt  those  in  whieh  the  muttcle 
works  ORninst  a  stiff  ^prinn.  where  th**  tendinn  nnturall.v  incrv»»ef>  an  long  n* 
the  muscle  continues  tn  contract,  and  M-wmdl.v.  ihcw  conlmetionR  in  which  the 
tension  of  the  muscle  is  purpoH'ly  incrrsBcd  by  retanlution  uf  ihi'  movement  at 
it^  bc^inuiitg.    Here  bclontr  the  ao-called  aifnpte  projeetUe  motion  (iicltnholu). 
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in  which  the  musctt-  lifts  a  wviiiht  fantened  dir«:tl.v  to  its  ins-  vnd,  aud  the 
projertilt!  moimn  wUh  dead  tveiyfila  (Kick).  whtTi!  the  muwk  i>ulU  on  a  lever 
witli  bii]aiiL-eij  weiKtits. 

Ill  FigH.  17y  and   174  are  givim  example!*  of  Mime  of  the  irUfloperit  forms  of 
mutiuii,  iiurtn.-iy :   I'ijf-  '"■'  ".  H'l  {""Itmie  euiitraclii)ii.  Kijt.  IT^l  '/,  «  Himpio  pi"i>- 

jfclilo  motion.  Fig.  174.  [>rujcc- 
tilf  inolions  with  dead  balanced 
wcinlit"*. 

In  LMirvct*  npproxi mutely  i*o- 
t<i!iii-.  Fig.  173  a.  ac  well  os  in 
pun-  inixinonic  <*urvt-s.  which 
naturally  pcproduce  the  chnnKt'S 
in  leiiKth  nf  th**  muftcle  mo«t  ffX- 
ai'lly.  we  Hrid  in  111*?  ».io<mdin(f 
limb  n  break,  whicli  itt  not  an 
iii'lifiK^'i  but  whieb.  on  grounds 
tliiii  j-aniiiii  hi'  (li>;cnKwd  her*-,  is 
priibjihly  due  to  the  mnre  slufr- 
tfisli  riintrneliun  of  the  rvd  mus- 
cle tihi-rs  (»'f.  pwgH  41(1).  Tn  the 
projwtila  curvL'  ibls  irn.i{ularity 
does  not  Rp])<-Hr.  at  l<>a»t  not  «o 
clearly,  bet-ausi-  thf  rnovemeni 
of  the  lover  dot'«  not  record  ihe 
finer  dWaiU  of  the  eontrnetion.  The  conlrnction  prrtdiiceil  hy  a  sinfcle  stimulus 
in.  therefor*',  to  a  corluin  extenl  coinpciuu*!.  owing  to  tin-  fact  that  the  liiffi-rcrit 
kiiidH  t)f  fillers  conipiJ>tiiij(  the  miiwle  (let'onie  aclivf  at  differeiil  limt-*.  In  an 
exat't  uiiul.vKia  of  mubctihir  i!onii'uetiunH.  it  i»  iK-ecsHury  lo  give  this  cireuraatant'C 
its  pn)|K!r  weight. 

Fig.  lif)  rt.-pTL'deiita  the  single  contraction  of  a  niusek-  poisoned  with  vern- 
trin,  reoordcd  on  a  slow-mnving  drum.     Veratriii  atT<-ctA  the  red  mimcle  fiber* 


I 


Ftti.    17.1. — l-'rog'""   Kiwrrix-iu-miiis,     o,   iKitunii-  fou- 

tmrtiiili.    h,  Mtn\tU:  pnijei'tilr  riintritflion,  Itnlli 

wiTL'  i)l)tuiiiKd  wilii    i!ii-  muiiu  luiulv,  80  |j.,  after 
Hanlrmun. 


Fui.  174. — Ftog'gi  (tMlrocnrniiuiL     1.  lokilM  with  4  g.,  i.  t.,  with  thf.  hnrc  Icvm*:  2,  40  g.  dcKd 
weight;  3,  100  g.  deail  nttiglit;  4,  20U  g.  ikvul  wvigbl. 

sn  that  they  contract  mui'h  mere  slowly  than  ix  nonnal.    The  Rrnt.  mpid  curve  ts 
refernble  to  the  vhite  fibcrei.  the  weoiid  Ii'ngnJrawn-ont  curx'c  I*>  the  red  fibers. 


After  Xhfve  pnTlidiitinry  rvmarks  wi'  can  prixufil 
Willi  llif  disfupskiu  of  llie  effect  uf  had  on  Ihf  work  nf 
a  niiwtU-.  We  can  suy  in  gi'ticnil  thnt  the  hcifrhl  of 
the  conlractinu  if  less  tlu>  ^nuilcr  IIil*  loml.  Hut  l)iii4 
rulf!  caiinot  staiu)  witliotit  ()iinliflcfltinn.  l''or  iitnliT 
the  ii»oloriic  arrangcnirnl  »■!■  (md  iJk*  licigltl  less  with 
a  very  lifjlit  Iimd  limn  it  U  with  one  KoinuwhuL  hcaviiT 
(v,  Kri'v),  and  iiiuler  the  (mn-ly  atixoli>nic  arriinge- 
iiu'iJt  thi*  height  incroascs  with  llio  \om\  ii[i  to  n  fairly 
hi^'li  primary  ti-n>'ion.  Morpover,  even  if  the  height 
of  the  Cfmlrnrtion  doe*  deercane  a*  the  Ir^nd  inercascs. 
it  iloet*  M)  iriuch  more  hIowIv  Itiaii  tlic  lii«d  iru-nMiiU'-H;  so 
llmt  up  to  A  certain  limit  lluf  work  doiK'  (priMluel  of 
the  load  l)y  the  heif;ht  of  eontraction)  U  gniiter,  the 
grealer  the  load   ( K.  F.  Welier). 

Again,  an  itHTftiKf  in  thf  ffttfion  of  a  nniiiele  dnr- 
inp  its  ronlnictinn  haw  a  decidi-tJIy  favorable  ctreil  on 
it*  jHTfuriiiaiice.  I'ikUt  come  cirenitiKtaiioi'."  Ihe  con- 
trai-lioiiw  apiiiist  a  vuW  spring  an-  just  aw  high  rr  even 
liighcT  than  btotouic  coiilractiotin  ol)laiiiwi  with  a  pri- 
mary tension  of  the  Mime  amonnt  (SatiteRson) ;  and 
pmjd-tihr  contnictioDs  art;  foriictiincs  hipher  than  iso- 
tonic rontrnrtions  with  ihe  same  primary  li-nsinii  (tf. 
Fig.  Ii;t).  Finally,  cbhcj^  have  ln-en  reconh'd  where 
auxotunic  eontractiom  which  iH'gin  with  the  Kame  ten- 
sion WW  higher  with  n  strong  spring  than  with  a  weak 
one.  We  can  sjiy,  (lii'n-fnrc,  tiiai  witliiii  n-rtaiii  Iiiriil.-' 
the  work  done  hy  a  niUKcle  iji  inereawd  \hi\\\  by  a  higher 
primary  ti-nKion  and  t>y  an  incruu.<e  in  the  tension  dnr- 
ing  the  eontraetion. 

In  close  cmnoetion  wilh  thi.-f  cornes  the  additional 
fact  thnt  unck'r  the  isometric  arrangement  lln*  increwe 
in  lenidon  taki^^  plaet^  much  more  rapidly  thnn  (1<ms 
the  shortening  iiotier  the  (^n-t^allisl  iiiotimic  arrangi*- 
ment;  «r,  in  other  words,  it*  length  remaining  the 
harm-,  lln-  nin«'h'  reaches  il^  mavinium  lennion  much 
earlier  Ihun  it  rwiches  its  ma.'titiunn  shortening  when 
the  tension  remainit  the  same  (Fick.  Fig.  \1*>). 

A  mnscic  appeam  therefore  to  have  the  power  of 
regHltttiny  Ihr  nmimnt  of  worlr  ilunr  under  a  given 
stimulus,  aeenriling  to  the  rftiiiirenienls  of  itii<  ram'. 
We  mil"!  forego  a  complete  tlie<>rctii,'al  cliscuwion  of 
thftsp  fael^t  here;  hut  we  would  direct- attention  to  the 
signifieanre  of  the  red  fibers  in  this  connwtion.  They 
an-,  rtji  it  appears,  the  most  ini|xtrtnnt  source  of  the 
additional  work  done  as  the  result  of  an  inrn-asevl 
tmiFtion.  Thus  we  find  that  the  Hvoiidary  lift  due  to 
th&se  fibora,  in  contraction)*  against  a  lenw  *tpring  in- 
»1 
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creues  as  the  tenaion  rises,  whereas  the  primai;  lift  caused  by  the  iridta 
muscle  fibers,  decreases  as  a  rale  with  a  risiiig  tension  (cf.  page  486). 


S.  Th«  Ahsolute  Power  of  a  Mitseh. — ^The  method  of  aftex^loadioff  has 
used  for  the  purpose,  among  other  things,  of  determining  the  so-ealled  abaohita 
power  of  the  muscle.  A  muscle  is  loaded  only  with  a  lerer,  and  the  lever  ia 
supported  medumically  so  that  iAie  weights  hung  on  it»  which  oonstitnte  the 


Flo.  176. — Isotonic  (upper)  and  ioometric  (lower)  contraction  curves  under  the  iume  ptimmiy 
toision.  After  Elck.  To  be  read  from  left  to  right.  The  curves  a,  b,  e,  d,  repreaMit  the  ifcoi^ 
Miing  of  the  muscle  correeponding  to  the  isometrio  coatractiona  ■,  jg,  y,  >, 


after-load,  do  not  affect  the  muscle  so  long  as  it  is  resting.  It  is  loaded  hj 
the  weights  only  when  contraction  begins,  and  lifts  them  only  when  its  tension 
oTercomes  the  after-load.  By  adding  weights  one  reaches  finally  a  mass  which 
the  muscle  no  longer  has  the  power  to  lift.  This  weight  is  token  as  the  absolute 
power  of  the  muscle  (E.  F.  Weber). 

It  is  evident  that,  other  things  being  equal,  the  absolute  power  of  a  muscle 
must  be  proportional  to  its  cross  section,  or  in  other  words,  among  muscles  com- 
posed of  the  sume  kind  of  fibers  the  thickest  is  the  strongest.  In  tetanus  the 
absolute  power  ia  greater  than  in  simple  contractions,  and  for  the  Tolnntaiy 


coijtracttons  of  human  muM.>lc«  it  amounU,  according  to  various  Authors,  to 
10  kg'  per  sttuarc  cimlimeter  of  cross  sc-ction. 

Tf  uii  ox])ortintut  bo  bo  arraniied  that  the  mueicle  lifts  its  load  after  it  has 
oontraclcd  to  different  Hpi^fhtH,  and  th(?  abiuthite  [hiwit  for  those  suooee^ivc  heiehts 
be  determined,  we  find  that  it  grows  steadily  less  (Schwann's  experiment). 

4.  Thu  Work  vf  Tetanizcd  Munciet. — In  tetanus  it  is  evident  that  the 
work  done  after  tlie  tetanHs  has  reached  its  fiiil  hoijrht  is  from  a  tiiwhnniral 
point  of  view  uolhing  at  all.  Since,  however,  the  conlractiKl  state  always 
calls  for  an  expenditure  of  energy*.  Letanu«  id  accompatiiecl  by  u  ri^lativcly 
great  c-onsumitlion  of  suhstance,  which  in  it*  turn  leuils  In  raj)id  faligue. 

The  work  of  tetanus  as  related  to  its  shortening  is  in  general  tiimilar  to 
that  of  a  single  contraction,  only  i'(  uh  viore  fxtensivp,  so  that  iind<T  favorable 
circumstancftj  the  shortening  may  ainounl  to  a8  much  a»  sLsty-five  to  eighly- 
five  per  cent  of  the  muacle'H  length.  Moreover  the  ratio  of  sliortening  in 
tetanus  to  shortening  in  simple  contraction  is  very  different  for  different  kinds 
of  miiBcles;  thus  it  is  stated  that  the  maximum  shortening  in  tctnnuit  of  the 
white  niiiscles  of  the  frog  is  two  to  three  times  the  maximum  shortening  in 
a  simple  contraction;  nf  the  red  muscles  eight  to  nine  tiuiofi. 

The  height  of  tetanuif  with  a  constant  load  depends  on  the  strength  of 
stimulus,  but  not  upon  the  frequency  of  stimulation. 


E.    HEAT  FORMATION   M   MUSCLE 

By  employing  the  ihermo-elwtrical  method,  Helmholtz  (1847)  demon- 
strated the  formation  of  heat  in  the  telanud.  of  llie  exs*Tted  frog's  muscle. 
I^ater  the  production  of  heat  in  a  simple  contraction  wati  demonstrated  by 
Heidpiihnin.  And  Blix  hn.*  shown  that  heat  U  formed  even  in  noting  mu!W?lc. 
Kven  with  the  most  delicate  mcthnd.s  no  heal  production  can  be  demonstrated 
in  nerve*. 

Since  the  performance  of  mechuiical  work  and  the  production  of  heat 
are  the  two  chief  functions  of  muacltf.  and  since,  as  we  have  seen  above,  the 
meehflnical  work  done  under  a  constant  stimulus  increases  up  to  a  certain 
limit  with  the  load,  it  might  lie  suppoKxl  that  the  heat  production  going  on 
at  the  same  time  would  be  in  inverse  relation  to  the  load.  ni  that  the  diivimi- 
latory  process  evoked  in  a  muscle  by  a  given  stimulus  would  he  independent 
of  the  load,  and  the  latter  therefore  would  influence  only  the  apportionment 
of  the  total  output  of  energy  by  the  muscle  to  the  two  functionR.  But  this 
is  not  the  case.  Since  the  investigation  of  Heidcnhain.  we  know  that  ik« 
total  output  of  tntrgy  in  an  essecled  frog's  muiicte  under  a  con.s1ant  stimulus, 
increasM  up  to  a  certain  limit  viih  the  had. 

This  property  of  the  muwle  appears  to  be  of  very  great  importancip.  For 
if  the  total  performance  of  the  muMrle  were  independent  of  the  Igad  and  were 
dependent  only  on  the  atrenjclh  of  (ttimulus.  the  dpvelopmcnt  of  cnerfcy  in  the 
muwrip  mi^ht  often  be  out  of  all  proportion  to  the  wnrk  to  be  done.  The  rela- 
tionship discovered  by  Heideidluiu  is  to  be  looked  upon  as  a  rrgulatory  mtrhaniam 
which.  indippendenll.v  of  the  nervous  impukea,  controls  the  metabolism  in  the 
muscle  according  to  its  momentary  needa  iei,  alao  page  441). 
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Fk'k  and  his  [lupils  have  made  absolute  dcti^rminfltions  of  the  amnunt 
of  Iiual  ilfveNifjeU  iu  muscular  acUvity.  ami  llic  amount  «if  work  done  at  the 
name  linie.  Sonio  of  Ihcir  rfsults  aw  lirmiphl  loj^thcr  in  the  following  table. 
In  tln.'se  t'Xfioriinentji  the  load  wti.^  allowml  to  full  npaiii  after  eac:h  conlraction, 
fio  that  thf  ohstTvcd  rinaiility  of  heal  exin-es^eo  the  total  outpul  nf  enerpj'. 
Each  experiment  coiisinlixl  of  tliree  maximal  contractions  following  one 
another  in  rapid  sueccssinn. 


LiMD, 

llvBl'pr<Hlii(.-tiiHi  In 
mtcrn-MiorfM. 

WlMTk, 

C.  nMn. 

ot  w«M-k. 

Bfttbiot  wDfk 
lOlWM. 

14.6 
IH.S 
19.7 
33.0 
m.t 
SS.» 
S3.0 
9S.S 
3S.S 
31 .» 
19  .S 
18.0 
lit. 4 

'4as 

SOS 
1.420 

l.fttl 
l'.4*)'J 

2.i«).l 

1.1IH 

1.4:10 

91» 

4ftft 

l.»H 

a.  34 

4,.')0 

r.  (54 

8. Mil 
5.1)4 
4.00 
3.»4 
1.03 
1. 00 

SO 

18.7 

40 

10.5 

80 

7.1 

120. 
IfiO. 

e».... ....... 

5.4 

S:?     ■ 

4.S 

ft. a 

0.0 

40 ,,, .,,, 

10.3 

16.8 

Wo  gee  that  untlor  a  maxiiiial  slimuIiiH  and  with  increaninjr  load  llic  ratio 
oS -ti^ork :  kfat  (.liauge*  in  fuvur  of  the  foruier.  With  the  leai^l  load  the  total 
proHiit'lion  of  energ>-  is  IG.7  times  the  amount  of  work  rlone.  whprca.s  with 
the  lieaviest  load  il  h  only  •'5.J  time.';  h.-j  iiiut'h.  In  <tllnT  extHTiiiii'iU'*  a  (Still 
greater  part  of  Ihe  total  production  of  enerjry  a])[>ean!ii  a^  mechanieal  work. 
But  as  a  rule  in  ihe  fm^'s  muade  cut  out  of  the  Imdy  liy  far  the  (rrea1«wt 
p»rt  of  the  cncrgii'  <ievelo]ied  in  eontraction  la  used  for  the  production  of  heaL 


§5.    THE   CENTRAL   INNERVATION   OF   A   SKELETAL   BiUSCLE 

Each  one  of  the  imi.«cle!'  nf  tht?  vxtretiiities  recwves  motor-ner^^e  tiljers 
from  several  HiiiTCs^-ive  nerve  ojot.-!.  This  !«  most  elcarly  «ecn  in  the  ease  of 
the  stfrnO'clfula-maxtaid  and  the  Irapfziwr  of  man  whit-h  arc  innervated  hy 
both  the  spinal  neeessory  and  the  cervical  nerves.  Thi»  faet  atone  appears 
to  indicate  thai  under  normal  cirrumstanccs  some  nf  the  fibers  nf  a  muscle 
are  not  thrown  into  action.  Iml  lluit  the  muscle  haj*  the  power  of  contracting 
parlutlli/.     Tlic  follnu-ing  experiment   hy  <Jad  oonlirms  thin  conclu.-iion. 

The  himhnr  plcxi»  of  the  fron  conTe.y8  nerve  fibers  to  the  gastrocnemius  by 
twn  nwtR.  If  wilh  h  hni\t  |i>ini  ihu  muscle  be  ffiven  n  trinnic  stimulus  directly 
or  indiri^il.v  hy  attv  or  by  both  of  these  roots  the  CLmlractioiis  iin-  of  Mjual  size. 
Rii[  if  rhi-  icnsinn  developed  in  ihe  miwcle  in  irtanu!)  be  Btndied  by  meana  of 
the  apparatu!*  fluun>d  on  pape  414,  it  is  found  to  he  less  when  ihe  stimulua  ia 
appliL-d  lo  only  one  root  than  whi*n  applied  to  bitth  or  to  Ihf  muscle  directly, 
and  ihfll  in  ihe  latter  two  cawH  ili<'  tnnninn  ib  equal  to  the  sum  of  the  tpnaions 
dovchipttl  1j>-  wpanilc  Ktiinulnfitin  of  the  two  roots.  The  result;  goes  to  show 
that  on  ^limulfition  of  different  nr-rvo  root**,  rot  th*>  wli-iV  rnuwlo  but  only  cer- 
tain of  its  fibers  are  excited,  or  in  other  words  that  t-ach  nerve  root  produces  -« 
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partiiil  eontra<?tion.  Thero  cbii  be  no  doulit  that  such  partial  coiitractionB  occmt 
nl»u  iK>miul!,v  under  tht>  intlui.-ni.-i.-  uf  tlit-  Ubrvuus  B.mtfni,  Bltliinieli  |ir<)l>nbl,v  with 
still  tiiwr  Kradiiltons.  In  tliiM  way  llic  iKitivity  of  llm  innwrlr  in  mliii>lc<I  to  the 
wiirk  t<i  bc'  prrfnrmed.  If  nn  prrnt  ric-proe  nf  tenHini)  in  rnlU-ii  fur,  only  ft  ftw 
niuwiL'lo  filxT*  ooiirriiiCt.  th»;  otliont  roinnin  qiiit-l  ami  rlo  nut  Ixvuine  fiiliKiic<l. 
Sinoe  on  tlie  oihi-r  haiul  the  ("xtciit  of  tW  cuiitriLotiuii  d'n-s  u(.'l  ilriwriid  upun 
thf  vn»i»  Wfiinii.  hut  upun  tbt  U-nuih  o[  ilii>  inuxck'.  wr  nmy  ppt  juKt  as  murh 
lihurlirniug  wiili  »  (liirtial  contractiiiii  aa  when  the  whole  muscle  is  active. 


§6.    FATIGUE   AND   RECOVERY  OF   MUSCLES   AND   ITERVES 
A.    GENERAL   PHEnOUENA 

Tf  A  frog's  miifirte  1k>  «(irnuiali-<i  n-|ifuu-<[ly  witb  sinjilo  tilioc>k»'  iiivcn  every 
one  til  two  RfTiHidH,  lit  firnt  its  c>(iiitrH(.'tt<)ii»  inrrt'iisc  in  t*!?^*.  '■vcn  if  the  .'^timultiit 
rpniniti  of  ihi-  *umc  BtrniKth  ("treppc"  of  Bowditch  nnd  Buckrnartlcr),  and  ihpii 
ihcy  ^ruiilnnMy  iliTrr>nML-  until 
riitii|ilfl4'  i*xhiiui«tit)n  is  n-iifhi.'*]. 
KiMin  the  fir*t  of  the  scric'*  ihc 
eontraetiuns  biv«inii?  more  pro- 
luniiiil,  flinrv  both  (he  nseeruiinR 
nnd  the  Hrsoendinfi  tinilM  of  the 
run.-t',  Imt  <'a[H-ciall.v  the  I«tter, 
(»iTU[>y  nmre  tinif.  As  fulifiu*^' 
p rojrn>B»i>t<  nnd  the  hiiiKer  Mtitrui- 
Iniioii  U  krpt  up,  there  Kmrlu- 
nlly  (Ipvelops  a  new  (■ondJlinn  tif 
the  muwle:  at  the  end  »{  the 
enntraetiuti  it  diies  not  n^tiim  to 
itp  in.-sti(iir  pnsiiinn  hnt  renniins 
more  and  more  shortened.'  Thi* 
muitele  tiiially  l>ecomes  a  cIur- 
Kixli.  "tublMini  mass  yieldiiiK  to 
the  tract  inn  which  -'^triveH  to  n'- 
otore  it  to  itH  nriirintil  form,  with 
extreme  A]nwne^<(  (Fuiikel,  In 
the  series  repre«*eiirc.]  in  Fijt. 
ITT  a  mufti'le  kept  perfusied  with 
bltHM]  was  titiniulated  every  IJt 
Bpcondf.  Only  ihr  first  ten  of 
every  fifty  eontmetions  are  hi-re 
rppr(xluee«3.  the  nix  fwrie*!  repre- 

neiiliiijt  nil  told  wmc  three  huinlrefl  sepanito  moTpmenl!*.  When  the  interval 
between  ftimuH  i»  mad*'  Ktill  Hhortrr,  nay  0.5  second,  a*  faliKUP  enntinucM  the 
desei-ndinK'  limb  of  the  eur^-e  tW-s  not  reach  tin-  bnse  line,  before  it  ir  met  by 
the  foltowinif  alimuluts  nnd  I  be  curve  liecntnt-H  iiuieh  like  an  iticomplete  tctanua. 
With  n  lonjrer  inlerral,  say  six  second*,  the  wnlraction  ix  not  pwilongrtl,  or  only 
<diKhtly  so.  nnj  the  reduction  in  the  heifcht  of  the  curve  is  the  only  exprvasioa 
of  fatigue. 

The  mvtrlf  of  wnrm-hlonrtril  tinim/th,  kept  perfused  with  Mood.  ^how.  aecord- 
inK  to  Rollet.  only  this  latti-r  form  of  fntiiciie.  with  no  mnlcrial  inereufte  in 
the  duration  of  the  contraetiou  even  when  the  interval  lietween  stimuli  i*  ver7 


KtO.  1T7, — ("liiiiim"*  111  llir  rliamc'liT  of  tti«'  riililmolton 

pnxluFMj  by  rniijruF,  aftrr  HoUet. 
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2                   THE  FUNCTIONS  OF  Clt08S-Sl 

>rt.    Cn'nt)(H|Upntly  in  ihfi^e  TiiUNrW  llie  al>ovi 
lircly  waiituig. 

fAccordinB  to  F.  S.  Let-  this  (liffcrt'iicc!  in 
•teed  nnjacli'H  of  oold-blcMidcd  anH  of  wnrm- 
t-itiologicfll  ilifFf'rencc  and  nrit.  tts  Imil  in-vu  nu 
a  mere  difference  of  tcai|terslLiro.     Let.-  And 
libil  the  Hflmp  rhariKHiTiHiic!  slowing  of  the  ■ 
h  nt  low  and  at  high  tfniiR'raturoa  (ihoug'h 
«t   leiW  oxli?iit   Than   nt   the  low);   whfreii* 
libit  this  phenomenon  at  cither  high  or  low 
I  cumlitiou  <c(.  page  i'j)  is  more  priiuitivt 
Lilfl  SE'Pin  that  th«  constant  influence  of  a  tin 

.    178.— Inotonku  ixiiiIpriLcliuita  ol  a  frug'B   giuttruiriio 
niua,  uTlcr  K.  S.  L(«,  HhowiiiK  chnnen  dun  to  fnticue. 
Qnl;  mvary  STtiath  eonlriKitlon  b  recordvcl. 

;  fltimnlfltoH.  Bf-rn»t<-iii  fullilk-d  those  tf^m 
■vo  of  the  frog  a  long  distance  from  the  uiu 
Tnigli  the  nerve  Iwlvvi-^-ii  this  poitil  of  «lin>u 
nt  current.  The  resislauce  at  the  aiiodt-  o 
>  stimulus  applied  farther  up  from  renehintt 
in  found  that  the  iicrvp  was  much  k-tis  caf. 

the  *amo  method  Wi-dt-nsky  was  able  to  sli 
■  six  hour*  without  exhausting  it. 

This  sajne  resuitfince  of  nervet  to  fatigu- 
ngendnHT.  Bowditch  and  othtint,  on  warm-hl 
rows  out  of  action  the  end  pUtee  of  the  mo 

PRIATED  MUSCI,f?t                    ^^^| 

»-meiitiomH]  tucomplele  tetani  are    ^H 

the  moAe  nf  fatigue  between  the    ^H 

blooded  animab  is  due  to  a  real     ^| 

ppo^iiM)  h.y  Si-hem-k  and  txihnianii,     ^H 

Ih  tliat  (he  inuiiH-IeH  uf  the  former    ^H 

pontroction  proceiw  (of.  Fig.  178)           " 

at  the  high  temperature  to  some-     ^n 

the  muoclea  of  the  latter  do   not     ^H 

temperatures.    "  The  poikilothei^    ^H 

thun  the  hnmoiothermBl,  anti  it     ^H 

[form  tem[)orHtuirc  ot^ting:  for  agea    ^H 

Ciji    the    skeletal    muftclea     nf     ^H 

warm-hluud(^  animals  has  ini-     ^H 

presoed  on  tbem  certain  prw-     ^H 

uouueed  pivullaritics."    i'us-     ^| 

nibl;    the   part    which    tbcM     ^H 

muiM-des    tbcniMelvcA    play    in     ^H 

the  prtxluctioii  uf  heut  is   id     ^H 

^'lJue    way    aissocntted    with     ^| 

this  physiological  dUTereue«.      ^M 

—En.]                                          ■ 

With    regard  to   the    fa-     ^| 

tigue  of  nerves  we  mui*t  «li«-      ^H 

tiiiguish  verj-  clearly  bclWM.-n      ^H 

the  local  fatigue  which  takes      ^H 

pluc^    iu    artificial    stimula-      ^M 

tion  at  the  |H>int  where  lb«     ^| 

litimulua      is      applied,      aiid      ^| 

which  in  pari  at  least  is  duo     ^| 

tu    tlic    injurious    cflFccts    of      ^| 

the    titiniulatiDg   agent,    and     ^| 

the    fatigue    which    is    pro-     ^| 

dufrd  poK^ihly  hy  tke.   iran^-      ^H 

m\»»ion    of    itimuU.      SiniM)      ^H 

only    the    latter    detcrmiuea     ^| 

the  normal  behavior  of  nerve,     ^| 

wc  shull  diseuftj  it  alone.            ^^k 

In    order    to  observe    the      ^H 

fatigue  of  nerve,  it  is  necns-      ^^k 

Bar>'    to  so  arrange  the   ex-      ^H 

perimenl    tlmt    it»  muxcle    is     ^| 

rementa  hy  stimulating  the  nriatic      ^| 

^ele,  at  the  eninc  time  conducting     ^^k 

luB  and  the  mu»cle  a  strong  con*      ^H 

f  the  con)itanl  current  prevented      ^| 

:  the  muscle.     In  thia  way  Bcm-      ^| 

labk'  of  fatigue  than  the  muacle.      ^| 

mulate  a  motor  nerve  of  the  frug      ^H 

;  has  been  demoiistratcd  also  by     ^| 
kiodeil  aniniala.     If  curare,  which     ^H 
lor  nerves,  be  admioiatered  to  am    ^H 
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animal,  the  poison  will  be  Rradually  thrown  off  from  the  body,  and  tbu  end 
plutL-»  will  again  rt-covLT  their  fuuclion.  But  Huverul  himnj  intervene,  and  a 
slimulus  applied  during  the  interval  is  of  course  vrithout  effect  on  tlie  niuncle. 
But  when  the  poiwin  wears  off,  llie  effect  of  stttnulation  returns  with  all  its  orig- 
inal foree.  which  means  that  stimulation  continued  fur  huunt  has  not  fatigued  the 
nerve.  Brodie  find  llnllibunon  observed  likewise  thnt  non  medulla  led  nerves.  Hueh 
as  the  BplBncbnie,  were  not  fati^ed  by  artificial  Htimulation  lasting  »ix  hours. 

Be»ide«  thi»  any  number  of  natural  phenrimciift  flhow  that  nenea  have  a 
much  greater  endurance.  We  know,  indeed,  that  neveral  efferent  nerves,  espe- 
cially the  vagua  brauchus  to  the  heart,  are  all  the  time  under  a.  tunic  excitation 
of  greater  or  lesa  intennity,  also  that  the  same  is  true  of  the  afferent  nervea, 
examplnt  of  which  vc  have  in  the  constant  pains  of  CLTtain  nerroua  maladies. 

From  those  facts  the  conclusion  has  been  drawn  that  nerves  in  general  art> 
not  fatigued,  and  it  cannot  bo  denied  that  ibis  conception  is,  to  a  certain  extent, 
well  founded.  Xevertheleaa,  one  must  not  imagine  thnt  no  metabolic  proceaaM 
arc  taking  place  in  an  active  nerve  or  that  it  mediates  the  trunsmi^Biun  of 
stimuli,  an  for  example  a  wire  does  an  electric  current;  such  a  siipposition  haa 
litlle  probability  in  it>i  favor  on  purely  antecedent  grounds,  for  n  nerve  ia  a 
living  tiiwue.  Moreover,  there  are  a  riunibcr  of  direct  oli-tervationa  at  hand  which 
show  the  ijrcBcncc  of  chemical  prowsses  in  nerve  with  [icrfect  definiteness. 

For  example,  a  nen-e  deprived  entirely  of  oxygen  becomea  completely  inex- 
citable  within  three  to  five  hours,  but  recovers  its  excitability  again  within  three 
to  ten  minutes  when  oxygen  ia  supplied.  This  phenomenon  a«  well  as  the  pro- 
duction of  carbon  dioxide  in  active  nerves  (cf.  pagr  i'M)  substantiates  the  view 
that  a  ncn-p,  so  far  as  processea  taking  place  within  it  are  concerned,  prcsenta 
no  iiuKrritial  difference  from  the  other  organs  of  tint  body.  On  llie  otlier  hand 
its  cxtraordinani'  resistance  to  fatigue  presupposes  a  Ter>'  low  state  of  metabolism 
and  a  very  great  power  of  recup«Tation.  This  ability  1o  recover  is  probably 
different  alio  in  different  iierres;  for  in  the  olfactory  nerves  of  the  pike  unmis- 
takable signa  of  fatigue  make  their  appearance  after  only  a  short  period  of 
excitation  (Garten). 

C^mlraclions  can  elill  be  Lnduco<l  by  direct  stimulation  long  after  the  mui- 
ole  fails  to  respond  to  a  tetanixing  stimulus  applinl  to  its  nerve.  Since  the 
nerve  itself  does  not  fatigue  we  must  suppose  that  the  nerve  endings  fatigue 
much  earlier  than  the  muaclo  substance  itRclf  (Waller). 


B.    PATIGUE  OF  HCHA5   MUSCLES   AHD  RERVES 

The  phenomena  of  fatigue  in  man  have  recently  been  wtudicd  by  sevei 
aathors  by  means  of  the  crgngrnph,  an  apparatus  first  conj^tructed  by  Mosao. 

This  ergograph  is  especially  oonstnicted  for  the  flexion  of  the  middle  finger, 
and  consists  of  two  parts,  one  to  which  tht?  hand  is  fastened  and  another  which 
records  the  contractions  of  the  muscle.  The  whole  apparatus  is  ahown  in  Fig. 
170.  The  forennn  is  fixed  in  ponition  by  means  nf  the  elampa  and  the  hand  by 
means  of  the  two  tubes  into  which  the  index  and  ring  fingers  are  thrust.  A 
atring  fastened  to  the  middle  phalanx  of  the  middle  finger,  carries  the  loiad  and 
m«ves  the  writing  lever.  The  latter  records  the  contraction  of  the  muscle, 
enlarged  about  twice,  on  a  slowly  rotating  dnim.  The  work  of  ihc  muscle  ia 
of  course  the  product  of  the  actual  height  of  contraction  by  the  load. 

If  now  the  loud  he  not  too  light  and  the  interval  between  contractiona  not 
too  great,  the  height  coDtinually  declines  until  finoUy  the  subject  is  uo  longer 
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D  ahow  tbat  uxlmuittion  comes  on  mnre  rapidly  the  »miillcr  the  iulorvol  b<--tn'c>fii 
cuutruutiuus.  In  Fig,  Itil,  A  we  tiiid  only  fuurU-Mt  rmitravliuiis  livfurt*  cumpWto 
vxhaubtioii,  imThntiMrul  work^O.Ul:!  \ig.  m.  In  i'isi.  ISl,  B  ihi;  iiuiiibcr  of  cmi- 
IractioiiH  iH  cighUfri,  Rtid  the  mcchnnicfll  work  dono  1.080  kit-  m.  In  ¥ig.  181,  O 
thf  iiumlH-r  of  c-ontnictiiniH  if.  thirt.vMiiie  and  iKr  m«fhaniejil  wrtrk  l.Mi  hn.  m. 
W'ilh  a  rli.vlhiii  uf  unu  e4>iitrurUi.»a  every  ti-ti  6<H><md&  uu  fullfj;uu  at  ull  &p|ii-ar8 
(FiK.  IHI.  D).  An  inltTval  of  ten  swondi*.  therefore,  is  sufficienl  to  |icniiit  a 
ekck'Iiil  muwlt*  to  rt'pover  eotnplrtel.v. 

When  n  niunele  lh  u-nrk<-(|  iit  ci  rii]iicl  rhylhiii  to  ihe  point  of  romptetr  cxhaiiA- 
lion,  it  n-quirps  a  mlher  long  lime  to  n?cnvpr  completely — in  thf  fXpi-rimentH  of 
MoRKJora  from  one  and  oiie-half  to  two  hours.  It  was  also  »howii  in  these 
cxiK-riments  ihnt  the  last  contrac-tionR  of  n  neries  emiing  in  ciompli^te  pxhauKtioa. 
■re  tile  mosi  fntiRiiin?.     If  only  the  first  pnrt,  »«y  the  first  fifteen  eonlractions. 


Fid.  181.— The  noxpl.  nf  faliipif*  unilrr  ■tiiniill  at  llm  sMtie  strength,  given  at  difTcnal  iiilvrvBb, 
nfirr  MafOtinm.  A,  nnre  a  nrvnml:  H,  anec  rvi-ry  two  sccoiku;  C,  once  la  foot  •econd*; 
/>,  uiin>  in  im  boC'CUiiIh.     Tn  W  rvtul  from  rigfit  to  k(t. 


of  a  fiitiirne  scries*  Xk  carried  out  nml  rest  Ix-  then  pcrtnitl«l.  the  nuiwie  will 
ni'over  ill  H  mncli  ^Inirlvr  time  pr(i|Hirli<inally  ihiin  if  il  wen-  «*<»m|ilrlcly  fmiguod. 
Consequently  the  totnl  nmonni  of  work  whirh  eon  bo  done  in  a  dny  is  eonitider- 
nbly  trn-ntor  if  the  inustflos  ho  not  pushed  m  any  lime  to  the  limit  of  their 
powfrs.  For  exaiinpU^,  a  inuwU-  ciiMkiiiK  fiflf-en  contraetions  every  thirty  min- 
ute* fi»r  fourteen  hours  did  nieehnnical  work  of  2tl.9  kg.  m.;  the  itame  iriu»clv 
when  ninde  1f>  jierfonn  Ihe  whole  series  of  fali^e  eurves  every  two  hours  aocom- 
pli^ied  N  mechiniiefll  work  of  only  14.7  kft-  m.;  n  diffemieo  of  12.9  kx.  m. 

Ana-mia.  faglintj,  irant  of  thtp.  nmon^  other  thinga.  Te<1uoe  the  working 
power,  and  f«vor  the  onwt  of  fatijrue.  Th«  cnimhility  of  work  (S  increiksed,  on 
ihe  ulhor  hinid.  by  rest,  by  tnking  food,  and  by  mai=»«gip — the  latter  even  in 
caw  Ihe  muxele  be  prpvii>u«ly  not  fBtiginxl.  The  effcol  of  .mii»<)itge  after  work 
therefore  eonsi^t*  not  only  in  the  remnvnl  of  produet<(  arising  from  Ihe  exix-ndi- 
ture  of  energy,  but  also,  and  to  a  eon-idi-rabU'  exU-nl,  in  thf  more  artive  ein-u- 
lation  of  tlie  blood  and  lymph  and  posaibly  in  some  alteration  uf  metabolism 
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tbeieb^  prodiioed.  Experiments  <m  ezaected  frog's  muscles  indicate  duit  theia 
is  a  direct  influence  on  the  contractile  rabetanoe  (Rnge). 

Fatigue  of  one  group  of  muscles  exercises  an  unmistakable  inflnenoe  on 
other  muscles— e.g^  fatigue  of  the  legs  hastens  fatigue  of  the  arms;  but  miia- 
enlar  training  reduces  such  effects. 

It  has  been  shovn  also  that  purely  mental  woA  hastens  musenlar  fatigue 
to  a  veiy  great  extent.  It  might  be  supposed  that  this  part  of  fatigue  i>  pnralj 
central ;  hut  the  matter  is  not  so  simple.  The  same  residt  is  obtained  wbeis  an 
artificial  stimulus  is  applied  to  the  median  nerre  or  direcUy  to  the  flcm»r  rnna- 
dee  of  a  person  fatigued  hy  mental  woric. 

Finally,  by  other  experimrats  which  cannot  be  described  here,  Uoaso  hu 
•howQ  that  while  the  mechanical  work  performed  by  a  musde  deereaaes  •■ 
fttigue  comes  on,  the  nervous  effort  and  the  intensity  of  the  processes  wbich 
call  forth  the  contractions  progressively  increaae.  By  a  method  especiaUy 
adapted  to  the  purpose,  it  may  even  be  shown  that  the  nerrons  mechuusm 
is  beong  greatly  strained  before  there  is  any  sign  of  fatigue  in  the  external 
work  done.  This,  as  Treves  remarla,  would  explain  the  fact  that  atfaletsB 
not  infrequently  are  attacked  by  severe  neurasthenic  pains. 

An  increase  in  the  output  of  00,  and  in  the  oonsmnptitm  of  O,  ia  another 
characteristic  of  fatigued  muscle;  that  is,  the  utilifation  of  energy  beoomeB  moM 
and  more  unfavorable  with  the  progress  of  fatigue. 

What  has  been  said  here  concerning  fatigue  and  recovery  applies  especially 
to  the  akehtal  miudes.  Other  mnades  fatigue  much  more  slowly  and  require 
a  much  diorter  time  of  recoveiy  in  order  to  remain  permanently  in  fnnctkmal 
condition.  The  best  example  of  this  is  the  heart,  which  throu^ont  life  woifa 
uninterruptedly  with  rest  periods  of  only  about  0.4  second.  That  the  smooA 
muscles  also  are  capable  of  long-continued  work  is  shown  by  the  ttmna  which 
they  maintain  in  t^e  arterial  walls. 

In  view  of  the  facts  presented  here  it  becomes  a  matter  of  interest  to 
inquire  under  what  circumstances  the  greatest  amoiint  of  muscular  work  can 
be  performed.  This  question  cannot  be  answered  fully  at  present,  but  we  have 
some  facts  bearing  on  the  subject  which  are  of  considerable  interest.  When 
one  does  the  same  amount  of  external  work  in  two  sets  of  experiments  which 
differ  only  in  the  circumstance  that  the  load  and  the  distance  through  which 
it  is  lifted  vary  in  reverse  order  (e.  g.,  30  kg.  X  0.3  m.  and  30  kg.  X  0.2  m.) 
it  is  found  that  the  fatigue  comes  on  much  more  rapidly  with  the  heavier  load 
(Stupin).  The  conclusion  is  that  the  size  of  the  load  and  not  the  absolute 
amount  of  muscular  work  done  determines  how  long  the  movement  can  be 
continued.  But  if  the  load  is  too  small  the  muscle  evidently  cannot  accom- 
plish much  work.  We  may  say,  therefore,  in  general  that  the  greatest  quanti^ 
of  work  can  be  done  when  the  load  is  of  medium  size. 

This  medium  load  may  be  found  (Treves)  by  choosing  a  weight  with  which 
a  person  while  perfectly  fresh  can  do  the  greatest  absolute  amount  of  work  and 
observing  the  record  until  the  contractions  exhibit  evidence  of  fatigue.  If  now 
the  weight  be  diminished  so  that  the  contractions  of  the  same  extent  can  con- 
tinue, and  so  on.  a  weight  will  finally  be  found  with  which  the  person  can 
continue  the  work  at  the  same  rhythm  indefinitely. 
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The  fullowing  table,  compiled  by  Blix,  conlaina  some  data  on  the  maximal 
mutuular  capacity  of  man  at  dilTcrent  kiod«  of  work : 


Xmdbv  WMdt. 


ChTnbfng  mouiilain  uid  Mftln. 

Tuniiug  crank 

'•  •' 

•  ■  I* 

Climbing  ftaire  witbnilt  lascl.. 
Climbing  Main  with  IcwL. . . . 


TtBtA 


Kg.  B.p«rtM«tJ. 


8  hoan 

10.5 

I^  hnun 

18.5 

1&  iiiinutva 

17.0 

a  minutvs 

19.5 

1^  hoiin. 

87.7 

4  aeooath 

IU1.3 

4.AMOoads 

M.4 

S>(Mroai 


mix 


It  in  evident  ihnt  the  capaoity  for  work  ralculatol  [>pr  accond  is  greater,  the 
shorter  the  l»»t«I  tinio  (iccupittl,  Tbo  highest  rectird  i»f  etiilurnnce  .vet  math-  was 
observed  in  a  six-day  bicycle  contest  in  New  York.  AoeordinK  to  Atwalet's  cal- 
culation the  vielur  (lerfomicd  durincc  his  first  day  of  twenly-lhn'c  lioum  and 
ten  minuu-H  an  averafre  of  2.'>  kg.  m.  p<>r  Hectmd,  and  in  the  whole  time,  one 
hundred  and  eight  houra  and  forty-four  minutca.  an  aTcrage  of  30.3  kg.  tn.  per 
second. 

i  7.    RIGOR   MORTIS 

A  muscle  cut  out  of  the  body  or  excluded  from  the  rinmUtion  pasae^ 
■ooner  or  later  (ten  minute?;  to  soveml  houret  into  a  rigid  eondition  knovn 
as  the  death  stifFi-ning  or  rigur  mortis.  It  is  now  shorter,  thicker  and  lirmcr, 
turhiil,  opt)<|U(>  and  leiv  extenttihie;  iti^  rcnction  in  arid,  pmlMihly  owiuft  to  the 
Irancfornintion  of  a  portion  of  the  diphfwphateH  into  niuuophottphatcA  hrought 
about  by  the  lactic  acid  formed. 

Rigor  of  miucle  in  produced  also  by  wanning  to  48"-W*  C,  by  the  effect* 

of  tlislilled  water,  by  ueid»  and  by  various  ullier  oubstanct-s.  It  apiK'urs  more 
readily  after  heiiv-y  mu.trulnr  work  ihnn  otherwise,  but  on  the  »th<>r  hand  appears 
later  if  the  muscle  has  been  paralyred  by  section  of  its  nerve.  Itigor  mortis  is 
the  cause  of  tlie  ripidity  of  the  bod.v  after  death.  Under  certain  circumstances, 
which  hiire  not  yet  lieeri  sucecMifully  imitaleil,  the  stiffening  comes  on  immedi- 
ately after  deulli,  so  thai  the  body  becomea  fixed  in  the  position  it  had  at  the 
instant  of  death. 

Rigor  in  regarded  by  mo«t  authors  m  eoagutation  of  the  muBcle  proteids. 
But  the  procesM>$  taking  place  in  rigor  are  only  partially  explained  in  thia 
way,  for  we  do  not  even  know  definitely  how  the  proteid.'*  ohtainahle  from 
mu.'tcle  plasma  iiecur  in  the  living;  mut^-le.  Rt^sides.  the  phenomena  of  coagu- 
lation in  a  nuifiole  extract,  and  the  rigidity  hmught  almut  arlifieially  by  dif- 
fcn-ni  reagentfl,  present  several  points  of  difference  from  the  natural  death 
KtifTeaing. 

gA.    SMOOTH   BnrSCLES 

The  moet  ?atisfaetory  ntnoolh  muwles  for  study  are  those  whose  fibem  run 
parallel,  like  the  rtiracior  penis  of  the  d<^  and  the  circular  mu'^cles  in  the  stom- 
ach of  the  frog.  The  extensibility  of  such  muficles  is  relatively  great  and  tho 
elastic  after-effect  is  very  conaiderable.     A  small  weight  acting  for  a  long  time 
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short.    ConneQuently  in  tli*^e  muscles  the  ubove-meiitioiiod  incomplete  tetani  ar* 
L-iitircly  waiiliiiB. 

[Ai^iiriliiiK'  tu  F,  S.  Ia-V  tliis  liiffereiirn  in  iho  mmle  €»f  faliguo  between  ihe 
excised  inusclrs  n{  cold-Hooded  find  of  warm-blooded  niiini«U  is  due  to  n  real 
ph>-siolugiciil  diffcrenct  and  iint.  ns  lind  iH-t-n  suppowd  by  Srh^-m-k  and  Ixibniamn, 
to  a  men?  diSfrciici;  of  tirjiiixrulurf.  Ix-t  UiuIb  iKot  llii;  musi'lfa  of  thi?  former 
exhibit  the  Bnine  ehiirflcltriHtic  slowing  of  tbe  contraction  fii>3eca3  (cf-  Fig.  178) 
l>oLh  Rt  low  and  at  high  temperature!)  (tluiug-h  at  the  high  temperature  to  a^ane- 
wliat  ]<ws  extent  than  at  tliu  luw)>  wIhtchm  ihi-  musclrat  of  the  latter  do  DOt 
exhibit  this  phenomenon  et  either  high  or  low  teinperaturcB.  "The  poikilotlier> 
nial  c'unditiun  (cf.  pagv  4<])  is  more  primitive  than  the  homoiothermal,  and  iC 
would  Bcoro  that  ibc  cuiistaiit  influence  of  n  uniform  trraperntun-  acting  for  a^res 

on  the  skeletal  muncles  of 
n'arii]-blundi.-d  animals  has  im- 
pressed  on  them  certain  pro- 
iiuutiL-ed  iK.-cnliaritics."  Poa- 
Hthly  the  part  which  theM 
mui»cIori  thcniAclveA  pla>-  in 
the  )iri>diii.'tiuu  of  heat  \»  in 
»omc  way  assocMted  witii 
this  phyBioluifieal  difTereuoe. 
— Ed.J 

With  regard  to  the  fa- 
tigue of  nerrea  we  muat  dii- 
liuguiali  very  clearly  bet'uiwa 
tb«  local  fatigue  which  takes 
plaoc  in  artificial  stimula- 
tion at.  the  point  where  tite 
stimulus  is  uppli<_-vl.  and 
which  iu  part  at  least  i»  due 
to  the  injuriouit  effects  uf 
the  stimulating  afcent,  and 
the  fatigue  which  ia  pro- 
JiicfJ  puR^iblf  by  the  /r<iiw 
mission  of  stimuli.  Siiioe 
only  the  latter  detcnuinea 
llie  normal  behavior  of  nerve, 
tve  '■hull  discus  it  alone. 

In    order    to   obser*'e    the 
fatigue  of  nerve,  it  is  neces- 
sary   to  eo  arrange    the    ex- 
|H:ritnciit  that  its  inui^cle  ia 
not  stimulfltcd.     Bcnisfc-in  fulfilled  the**  refniirpmenta  by  titimulating  the  sciatic 

r  nerve  of  the  fm^  a  hmn  distance  fnim  the  museic,  at  the  flame  time  conducting 
thruuttl)  'he  nerve  between  this  point  of  i^timuluK  and  the  muscle  a  atron^r  con- 
stant current.  The  resistance  at  the  anode  of  tlie  constant  current  prevented 
the  stimulus  applied  farther  up  from  reftcltinff  the  muscle.  In  this  way  Bern- 
stein fmind  that  the  nerve  was  mufh  less  capable  uf  fatigue  than  the  munclc. 
By  the  MMme  metluid  Wedtrisky  was  able  to  stimulate  a  motor  nerve  of  the  frog 
for  six  hours  without  exhausting  't- 
Thia  same  reiiistanre  of  n«rcea  to  faiiffue  has  been  demonstrated  alao  by 
Langendorff.  Bowditch  and  others,  on  warm-blooded  animals.  If  curare,  whidi 
ibrowR  out  of  action  the  end  plates  of  the  motor  nerves,  be  administered  to  an 


FlO.  178. — lautonia  eontrBj^tionii  of  b  troR'n  (taatrufiK^ 
miua.  atior  F.  S.  I.M',  AhoMnna  chanKce  d»e  to  fatJKue. 
Only  every  fiftieth  cwnlnwiion  ie  recorded. 
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animal,  tbo  poison  will  be  i^raduall^  thTx>wii  off  from  the  body,  and  tbc  end 

plates  will  agoin  recover  their  fuuction.  But  »c-vcrul  huura  intervene,  and  a 
BtiinuluK  ajip^lied  durinif  tlie  iut«rval  i«  uf  courae  H'iliiuul  vliect  vu  the  toUBcle. 
But  when  tlie  poison  wears  off,  the  effect  of  stimulation  retunis  with  all  its  orig- 
inal force,  whioh  inonns  ihiit  atirnulation  coniiiiued  for  hours  has  intl  futigm-d  the 
nerve.  Brodieand  IIal1ilmrtoi](>Ki>r-m''d  likewise,  llint  nnninetliillatt'd  iiervo,  sueh 
M  the  aplnnehnic,  wure  not  fatif{ued  by  artificial  slimulation  lattting  six  hours. 

Besides  this  any  number  of  natural  pbeuomeiiH  show  that  nerves  have  ■ 
murh  Rn-atcr  endurance.  We  know,  itide<.>d,  that  wvcrul  efferent  nerves,  espe- 
cinlly  th^  vagus  branches  to  the  heart,  arc  nil  the  time  under  a  tonic  excitation 
of  greater  or  Icaa  intensity,  alao  that  the  same  iu  true  of  the  afferent  nerrea, 
exantjileii  of  wbteh  wn  have  in  the  ccnifttnnt  pains  of  ci^rtain  nervous  maladies. 

From  th<?s«  facts  the  conclusion  has  been  drawn  that  nerves  in  neneral  are 
not  fotiiTUed.  and  it  cannot  be  denied  that  this  conception  is.  to  a  i.-ertaiu  extent. 
wuU  founded.  Nevcrl!iele.'i6,  one  muet  mil  tmsffine  that  nn  metabolic  proeesaes 
arc  taking  place  in  an  active  nerve  or  that  it  mediates  the  transmission  of 
stimuli,  as  for  example  n  wire  does  an  electric  current;  such  a  fiuppoflition  ban 
little  priihnbility  in  it»  favor  on  pundy  nnt«*eedi*nt  Kroundi*,  for  a  nerve  is  a 
iivinK  tisttue.  Moreover,  there  are  a  number  of  direct  obaervations  at  hand  which 
show  the  presence  of  chemtenl  processes  in  nerve  with  perfect  definiteness. 

For  example,  a  nerve  deprived  entirely  of  oxygen  heoomea  completely  inei- 
eitable  within  three  to  five  hours,  but  recovers  its  excitability  a^ain  within  three 
to  ten  minutes  when  oxyfif'U  is  supplied.  This  pbenomnion  as  well  as  the  pro* 
ductii>n  of  carbon  dioxide  in  active  nerves  (cf.  pat^  4U4)  xnbstaiitijiteH  the  view 
that  a  ncr%*e,  so  far  as  processes  takinit  place  within  it  are  cuuei-med.  proscnls 
no  essential  difference  from  the  other  orRans  of  the  body.  On  the  other  hand 
its  exirannlinary  resislanre  to  fntipur  prpHupi>oses  a  ver>'  low  slate  nf  melabolism 
and  n  very  great  power  of  recuijeratioii.  Thii*  ability  to  reoiver  is  probably 
different  also  in  different  nerves;  for  in  the  olfactor>'  nervea  of  the  pike  unmis- 
takable siims  of  fatigue  make  their  appvanwcc  oftcr  only  a  short  period  of 
excitation  (Garten). 

Contractions  can  still  be  induced  by  direct  stimulation  long  aftpr  the  mus- 
cle failfl  trt  respond  fo  a  tetaniEinff  stimulus  applied  to  its  nerw.  Since  the 
nerve  iloelf  doe>i  not  fatigue  we  munt  niippoMe  that  the  nerve  cnditigs  fatigue 
much  (earlier  than  the  muscle  substance  itself  (Waller). 


B.    PATIGUB  OF  HUHAH  MUSCLES  Alfl>  KERVES 

The  phenomena  of  fatij^iie  in  man  have  reeentlv  been  Rludied  hv  s.^vertT 
authors  bj-  means  of  the  er(,'ngraph.  an  apparatus  first  eon^trucled  by  Mosso. 

This  ergograph  is  efjpecially  constructed  for  the  flexion  of  the  middle  linger, 
and  consists  of  two  parts,  one  to  which  thr'  band  is  fastened  and  another  which 
recorda  ihe  oonlractiona  of  the  muBcle.  The  whole  apparatuK  is  shown  in  Fig. 
179.  The  forearm  is  fixed  in  position  by  means  of  the  clumps  and  the  hand  by 
means  of  the  two  tubes  into  which  the  index  and  ring  fingers  arc  thrust.  A 
•tring  fastened  to  the  middle  phalanx  of  the  middle  finger,  carries  the  load  and 
moves  the  writing  lever.  Tlu-  loHer  records  Ihe  contraction  of  the  mnwle, 
enlarged  about  twice,  on  a  slowly  rotating  drum.  The  work  of  the  muacle  la 
of  course  the  product  of  the  actual  height  of  contraction  by  the  load. 

If  now  the  load  be  not  too  light  and  the  interval  iK-tween  conlracti^ns  not 
too  great,  the  height  continually  declines  until  finally  the  subject  id  no  longer 
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abort.    Consequently  in  these  Diuaeles  the  ftboTO-mcniioncd  incomplete  t«tazu  are 
entirply  wanting. 

[According  to  F.  S.  Ltc  thi^  difference  in  the  mode  of  fatifn*^  between  the 
cxf^i^  tnuwflcH  of  cold-bliKKletl  and  of  w»riii-bloMi<.-d  aiiimaU  i»  due  to  a  rval 
piiysiulufiica)  ■litTtTvnce  and  nut.  as  luid  been  supposed  b.v  Sehenvk  aud  lA>hniann. 
to  a  mere  difftrcncc  of  torn  pern  tun'.  Lcc  tinds  ihnt  tbc  muscles  of  the  former 
exhibit  the  «ame  chnnn'tcrialip  Mtowinft  of  iht*  coiitrnction  pivcewe  (cf.  Fig.  178) 
both  at  low  and  at  high  temperatures  (though  at  the  hiffh  temperature  to  some- 
what less  extent  ihau  at  the  low):  wlieru-ao  thu  inuHcles  of  the  Utter  do  not 
exhibit  this  phenomenon  at  either  high  nr  low  temperatures.  "The  poikilother- 
taal  condition  (cf.  page  46)  is  more  primitive  than  the  hnmniotlicrmal,  and  it 
would  M-em  that  th''  i-oiintaiit  influence  of  »  tniifonn  temperaturv  acting  for  mffe» 

on  the  skeletal  muBcles  of 
warm-bluuded  animals  has  im- 
pressed on  them  certain  pro- 
nounced pcculiarilic*."  Poa- 
Hibly  the  )>art  which  tluwe 
muscles  themsclveti  play  iu 
the  production  of  beat  is  in 
some  way  asaoctated  with 
ihi»  phy.siological  difference. 

With  retfard  to  th«  fa- 
ligue  of  nerves  we  must  dis- 
tin^i&h  Ter>-  clearly  U;l«-e«!ii 
the  local  fatigue  which  taken 
place  in  artificial  stimula- 
lion  at  the  point  where  tbe 
liliniulus  ia  applied,  and 
whioh  in  part  at  Ii?bM  ia  due 
to  the  injurious  effect*  of 
the  i>timula(iug  agent,  aud 
the  fatiifue  which  is  pro- 
duced possibly  by  the  trant' 
mijieinn  of  stimuli.  Since 
only  the  latter  determines 
llie  niirnial  beliavior  of  nerve, 
we  Khull  discuNt  it  ului»e. 

In  order  to  observe  the 
fatigue  of  nerve,  it  itt  neci-H- 
sary  to  so  arrange  the  ex- 
periment that  its  niuftclc  18 
not  atimulaled.  Ueruntein  fulfilled  these  rwiii i rementa  by  Httmulutiiig  t}ie  Miatio 
nerve  of  the  frog  a  long  diHlanec  from  the  muscle,  at  the  ««me  time  conducting 
tbniugh  the  nerve  betwei<n  this  point  of  stimulus  and  the  muscle  a  strong  con- 
stant current.  The  rcMiHtance  at  the  anode  of  the  constant  curn-nt  prevented 
the  stimulus  applied  forthcr  up  from  reaching  the  musicle.  In  this  way  TVm- 
stcin  found  that  the  nerve  wa»  much  lean  cnpable  of  fatigue  than  the  muscle. 
By  the  »amc  method  Wedensky  was  able  to  stimulate  a  motor  nerve  of  the  frog 
for  six  houTH  without  exhausting  it. 

Thin  same  reatatanft  of  nerves  to  faHgut  has  been  demonBtmled  also  by 
I^ngendorff,  Uowditeh  ami  others,  on  wnrm-bloodod  animals.  If  curare,  whioh 
throws  out  of  action  the  end  plates  of  the  motor  nerves,  be  administered  to  an 
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Fio.  178. — laotonio  coni.ractionn  of  r  froc'H  sastrocne- 
miiu,  aSXat  F.  8.  lire,  olinwinR  chaiix**  due  to  fatigue. 
Ooly  Dvcry  liltt»th  eontrnctian  )■  rfYorded. 


FATIGUE  AND  RECOVERY  OF  MUSCLES  AND  NERVES 

Bnimal,  the  poison  will  be  gradually  tbrowu  off  from  the  body,  utid  the  end 
plutiM  will  o^aiii  rt'covcr  their  fuiictioii.  But  ucverul  bourn  intcrrenp,  and  u 
Blimulus  applied  during  the  interval  is  of  courae  without  effect  on  the  muscle. 
But  when  the  poison  wc-nnt  uff.  the  effect  uf  Htiiiiulatioti  returrw  with  all  iIh  orig- 
inal forve,  whieh  tni.>uns  that  stimulatiun  continued  for  huuK  has  not  fatifiucd  the 
ncrre.  Rrodie  and  lialliburton  ohserred  likcn'iftc  that  nontnedulluied  nerves,  such 
au  the  splanchnic,  were  n<)t  fatigued  by  artiffeial  stimulation  laatiiiR  mx  hi'urx. 

Be«ide«  this  any  numlxT  of  natural  phoiunneiiA  show  that  nenreft  have  a 
much  greater  endurance.  We  know,  indeed,  that  several  efferent  nerves,  espe- 
cially tho  vagus  bruucbes  to  the  bearl,  are  alt  the  time  under  a  tonic  excitatiou 
of  greater  or  les^  intensity,  h1»o  that  the  same  is  true  of  the  afferent  nerves, 
exsmplefl  of  which  we  have  in  the  constant  pains  of  certain  nervous  maladies. 

From  th^e  fact.s  the  conclusion  has  be^n  drawn  that  nerves  in  general  are 
not  fatigued,  and  it  cannot  be  denied  that  litis  conci>|ition  ia.  to  a  certain  extent, 
well  founded.  Neverthelex?,  one  must  not  imagine  that  no  metabolic  proccMCS 
are  taking  pluee  in  uu  ucrcivc  ner\'e  or  thut  it  niediutini  the  tratiioniasion  of 
Hlimtili.  as  for  example  «  wire  does  an  electric  currpnl:  such  n  supposition  has 
little  probability  in  its  favor  on  purely  antect^tlent  grounds,  for  a  nerve  in  a 
living  tiMiue.  Moreover,  there  are  a  number  of  direct  ohM-rrationfi  at  hand  which 
show  [he  presence  of  chemical  proceNtes  in  nerve  with  perfect  dcfinilene«e. 

For  exami'le,  a  nerve  deprived  entirely  of  oxygen  becomes  completely  inox- 
citublo  within  ihn-e  to  five  huurB,  but  recovera  its  exeitahility  again  within  three 
to  ten  minutes  when  oxygen  is  .supplied.  This  phfnomennn  as  well  aa  the  pro- 
duction of  carbon  dioxide  in  active  nerves  (cf.  pagr  4M)  »ub«1nntinte»  the  view 
that  a  nerve,  bo  far  aa  proee«se*  taking  place  within  it  are  concerned,  presents 
no  cBwitial  diffei\*nce  from  the  other  organs  of  the  b<xly.  On  the  otWr  hand 
its  extmordinarj'  resiatanee  to  fntigue  presupposea  a  very  low  Btale  of  roetobojisra 
and  a  ver>-  great  power  of  recuperation.  This  ability  to  recover  is  probably 
different  also  in  different  nervea;  for  in  the  olfai*tor>'  nerves  of  the  pike  unmis- 
takable signs  of  fatigue  make  their  appearance  after  ont,v  n  abort  period  of 
excitation  (Garten). 

Contractions  can  still  be  induced  by  direct  stimulation  long  alter  the  mus- 
cle fails  In  respond  lo  a  tetnniiting  ntimnluB  applied  to  ils  nerve.  Sinee  the 
IHtrve  itself  docs  not  fatigue  we  must  suppose  that  the  nerve  endings  fatigue 
mncfa  earlier  than  the  muscle  substance  itM'lf  (Waller). 


B.    FATIGUE  OF  HUMAN  MUSCLES   AND  HERVBS 

The  phennnienn  of  fatijnie  in  man  have  recently  been  studied  by  sev« 
authors  by  mcuns  of  the  ergop-aph,  an  apparatus  first  constructed  by  MrMM, 

This  erffOffrapK  is  eapeeially  coiwtructed  for  the  flexion  of  the  middle  Anger, 
and  consists  of  two  parte,  one  to  which  the  hand  is  fastened  and  nnoiber  which 
records  the  contractious  of  the  muscle.  The  whole  apparatus  is  shown  in  Fig. 
170.  The  foreann  is  fixi-d  in  poeition  by  means  of  ihe  clamp)*  and  the  hand  by 
means  of  the  two  tubes  into  which  the  index  and  ring  fingers  are  thnist.  A 
string  fastened  to  the  middle  phaTanx  of  the  middle  finger,  carriM  the  load  and 
moves  the  writing  lever.  The  latter  records  the  contmetion  of  tho  muscle, 
enlarge*]  about  twice,  on  a  slowly  r^ttaling  dnim.  The  work  of  the  muscle  is 
of  course  the  product  of  the  actual  height  of  contraction  by  the  load. 

If  now  the  toad  l>e  not  too  light  and  the  inl<?rval  Iwtwe^n  contractions  not 
too  great,  the  height  continually  declined  until  tuially  the  subjeci  is  do  longer 
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in  geosatirms  which  are  more  or  luss  prcBent  to  the  mimi.    Seasations  by  which  ^^ 
we  hdvti  knowlrctge  at  [he  ])osiliort  in  upHC^  of  our  ImilitN  and  rlu'ir  memhcrv^l 
also  of  the  e.xti'iil  of  llioir  movriiii'nl.s  and  Ilti"  iiiU'ii.«ily  nf  iiinst-tdar  cniitnic- ^^ 
tionti — in  short,  ull  those  seHstttiima  wliiL'ii  aa*  compruhvnilt'd  us  lieloriffing  to 
the  m'n^e  nf  motinn  come  tm<ler  this  t:\m.*.    The  .■si'iish lions  from  othor  intornni 
organ!)  like  the  hrart,  stomach,   inte^itineti,  hlndder.  etc.,   also  Ini'lon^   hi?re. . 
The  lattur  are  not  sharply  delined  unles8  iiit^Hiwiiiti!  by  i^omc  xpi^riul  cause; 
then  they  soriielimes  Ixx'ome  very  pairifully  (.■<>« «pieuo us.     As  a  rule.  howev«»r, 
tiiey  are  wholly  indefinile  and  ooii(ril»ii(e  in  con-ieinimness  only  towanl    the' 
general  state  of  ffetiny,  which  n«t  only  varies  greatly  according  to  the  nature 
of  these  va^ie  sensations,  lint  may  very  profrtiirdly  influence  our  whole  heing. 

One  of  (he  niiwt  significant  facts  in  connection  with  the  phyniology  of 
tH>n!(atiun  is  that  our  conscious  scnMtions  do  nnt  arise  in  the  nrgaii*  to  which 
the  afTcn-nt  nerves  are  distrilniled  and  to  which  the  stimuli  ore  applied.  The 
sensation  of  sight,  for  example,  is  not  in  the  eye,  the  senfiation  of  «>und  is 
not  in  the  ear,  etc.  The  peripheral  sense  organi*  and  the  peripheral  endings 
of  afferenl  nerve:*  in  general  are  for  Ihe  sole  purpose  of  Irmmferrinq  the  ittimitU 
which  strike  them  to  the  appropriate  neire:*.  The  nerviis  transmit  the  excita- 
tions tlni;'  aroused  to  the  central  organs  of  the  ni'rvoua  sy-ttem  and  tho  con- 
FciouB  sensation  arises  only  hy  (he  activity  mTaainned  in  the  hroin,  DifTerrati 
parts  of  the  brain  are  set  in  action  directly,  aeeordiug  as  one  afferent  ner\'e  or' 
another  is  excited  (cf.  Chapter  XXIII). 

iloto  ran  a  rnateriai  change  in  Ihr  bmin  yive  rise  lo  a  ronsriovx  sfnuattonf' 
Philosophers  of  all  Jimes  have  tried  to  answer  this  c]npstion.     Since  we  aro' 
discussing  it  here  only  from  the  standpoint  of  natural  science,  we  cnnnnt 
enter  into  the    philosophical    i-onsideratioMs.      11    is   likely,    indi^'il,    tliat    tho 
question  can  never  Ue  answered  from  the  standpoint  of  nulural  si-ience  alone. 
fur,  ati  Dii  HriJK-Heynirmd  e.^|>ecially  has  pointed  out,  the  question  is  at  holtooij 
a  inft(ipfiy»ual  one. 


Tf  nur  kiiuwlwlpe  of  nature  were  so  far  advanct'd  that  nil  the  movement*  in 
the  world  cnuld  be  reHnlved  into  the  nicvenieiits  ef  atoms,  and  our  ex|ilnnation 
of  natua-  cnuld  ibus  U-  n-duet.'d  lu  the  mcchuuicu  of  atoms,  wi:  would  of  t»junie 
l)e  in  a  poHition  to  dcst^ribr  the  mnrcrial  chHtiKcn  takinij*  phiee  in  the  brain  in 
definite  psychical  proccssoa  very  exactly.  Satisfactory  aa  this  knuwiedp*  would 
be,  it  would  never! Iinless  be  uimble  to  ft've  us  any  conclusive  information  van- 
ecniintr  the  relation  of  such  muvem«nt»  to  such  ultimate  facts  as:  "  I  foci  ii>m- 
forlablc."  "I  it^]  pain."  and  the  proptwition  inimfdiiitdy  deducihlc  therefrtim : 
"I  think,  thcrefnn-  I  am."  That  is  to  say,  it  is  imp'jsriiblc  to  conceive  Hcicn- 
tificJllIy  how  consciousness  and  thoupht  enn  nrisc  out  of  the  interplay  of  atoms. 
Indwd  we  could  imnKii'c  a  world  similar  to  our  r.wn.  in  which  ci'cryihinji  would 
tiikf  ulace  exactl.v  as  in  mir  world,  but  when-  Ihfre  were  oi>  cfnittriousnes!*  and 
no  thoujilit;  and  ,vct  the  mechanics  of  atiims  would  hv  just  as  valid  fur  sucii  a 
world  as  for  our  own.' 

In  what  ft»nj«*  dn  ottr  sensationx  prnducrd  ftp  rxtrranl  stlmttti  rorrf.^pontii 
torealityf    Philosophy  ami  natural  science  attack  this  problem  from  opposital 
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'  Cf,  T)ii  Hois-Rrymond.  "  I  imit.t  of  Our  Knowledge  of  Nature."  tratwlfttwl  by  J,  Fil 
gamld  in  Popular  .Science  Morilhly,  May,  IA74. 
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udM  uid  yet  ihe  two  have  the  ssme  task  in  commr>ii.^  The  former,  which 
cnnfliders  the  p^ychienl  nidc.  i^ivks  to  elimiunte  fmin  the  cngn'itivf  anil  [kt- 
t;ei)tivi;  firouessw  evurything  wliich  pruceeik  from  the  elTucts  of  tlio  ohjc-ctiTO 
world,  in  order  to  obtain  in  it*  puriiy  that  which  is  proper  to  the  mind  iUolf. 
Natural  sciffict  on  the  contrary  scjeki^  to  remove  the  relative  and  the  forma) 
element!'  of  thought,  definition,  notation,  forme,  hypothesis,  etc.,  in  onU;r  to 
nocun>  what  lielnngs  t.o  the  world  of  actuality,  the  Inwft  of  which  it  seeks  )o 
know.  In  onltT  to  ^ivi>  ti  (hfrirelical  evplaniitioii  of  wtiwationH  from  Ihe  scien- 
tific Blandpoiut  we  muft  l«?ar  in  mind  the  following  propositiono. 

1.  There  are  two  dilTerent  dfgrcvrt  of  (iistinction  among  sensations.  The 
one  moi«t  esi'cntial  in  the  di>«tinetion  1>ctwc€n  thol^c  lielonging  lo  tlur  <litTen.-nt 
BcnseA.  A8  between  the  sensations  of  blue,  tiwcet,  warm,  and  loud.  ThiK  dilTer- 
eiice  is  dewigtmted  a»  Ihe  difTerenee  in  mnilnlihf  nf  senrttttiiui.  and  ia  so  eomplele 
thai  it  pret-Uidtss  any  Iranwition  from  one  to  the  other  or  any  relation  of 
BTcnier  or  k«s  similarity  U-tween  ihem.  For  example,  one  cannot  say  whether 
bweut  is  more  like  bine  or  red.  The  M-cond  ilifrereiitv,  which  Helmhollx  limits 
to  a  diiference  in  (jttaliitt  between  scusalions  Ijelonging  to  the  name  »enst>.  ia 
hvM  exclusive.  Wtlhtn  the  same  sense  transition  and  comparison  are  possible. 
Fr«]n  blue  we  can  pa^  through  violet  and  carmine  red  to  H;arlel  red  and  can 
fuy,  e.  g.,  that  yellow  Ia  more  like  orange  than  like  blue. 

W«  diatln/ru>i>b  the  followinit  modalities:  premure  and  touch;  heat  and  cold; 
taste;  Hmell:  livarinK;  and  aighL     (With  regard  tu  paiu  cf.  Chapter  XVll,  §4.) 

%.  Experiment  hfl''  shown  that  the  profound  difference  hirtwcen  the  senwes 
does  not  de|>end  in  any  win*  upon  the  kind  of  external  stimuli  by  which  the 
M'usations  are  aroused,  but  \<i  dctoimined  solely  hy  the  kind  of  MMory  nerve 
affected. 

For  illuscmtion.  physics  considers  light  as  extremely  rapid  ribmlions  of  a 
hypothetical,  imponderable  medium,  the  ether,  which  in  distributed  throughout 
all  apiice.  When  (lu-iw  vibrations  of  the  ether  strike  the  retimi,  the  latter  ia 
exeited  and  in  itH  turn  produeeH  through  the  optic  nerre  an  excilalioD  iu  the 
brain,  whieh  (fives  rise  in,  coiiac loudness  to  a  sensation  of  liirhl.  But  this  sen* 
aatiiin  uf  light  haa  nut  the  leat^t  resi-mblanoe  to  the  Tibratimiii  which  coustitute 
the  objective  phenomenon  of  light.  This  it.sclf  should  be  fairly  convincing  evi- 
dence that  Ihe  seoHation  canmit  ngree  in  kind  with  its  external  caunc.  Con* 
elusive  prwif  is  found  in  cc>nitiderRlioiit>  such  as  the  fnltowing:  If  the  f.veball  be 
presKcd  upon,  we  receive  even  in  pitch  darkness  a  senHation  which  is  charaetcriuxl 
by  a  brilliant  play  of  colors.  A  blow  upon  the  eye  produces  a  flash  of  light. 
Here  we  have  a  perfectly  typical  senaation,  and  yet  no  light  at  all  ban  reached 
the  eye.  The  sensation  ia  unqueationabb'  due  to  an  excitation  of  the  optic 
nerve  proiluced  by  the  mechanical  preiwure  oii  the  eyeball.  The  same  thing  is 
exiterieiin-ci  when  an  ehvtric  current  i"  conducted  cbrough  llie  eye;  we  get  a 
aeneatiun  of  light,  even  though  no  obieotLvc  light  maj*  be  pn>sent. 

3.  SiDce  therefore  sensations  of  exactly  the  same  nature  are  aroused  hy 
three  wholly  diffen'nl  kinds  of  stimuli — light,  mechanical  pressure,  and  elec- 

*TtM>  follnwinif  (JiM-uwHun  in  (iMcnlially  a  repetition  of  tha  viewi  of  IlelmholU  ■«  set 
fortlt  in  "  nie  Tut«&chei)  in  der  Wbbmehmunfc,"  Berlin,  IS70. 
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tricity — it  iA  evident  that  the  character  of  the  sensation  cannot  agree  in  any] 
way  with  the  external  eaiute  iiy  which  it  is  produced. 

Thiti  rnnrluston  in  confirmed  by  expi^ritnrtiltt  demonstrating  that  one  and 
the  name  external  ciiu»e  can  produce  entirely  different  sensations,  by  acting  upon 
different  sense  organs.  Tbun,  pressure  on  the  ttkin  givm  a  itenHation  of  pressure 
or  of  cuntaot:  pnamun!  uii  the  (.'yL-butl  a  M.-U8itlion  uf  It^bt.  Wbt-ii  illuminating 
rayfl  strike  the  eye.  we  (ret  a  spTinntirtn  of  liRbt;  when  the  Rnme  roj-s,  sufficiently 
strung,  strike  the  skin,  they  produce  a  sensation  of  warmth.  The  sensation  which 
ifl  nrnuoed  by  an  electric  eiirreiit  applicil  to  the  eye  has  nii  entirely  difftTt^nt 
character  from  that  which  one  gets  wh<^n  the  current  is  applied  to  the  skin. 

4.  Just  ar^  KciiiAaticinti  have  their  nriijin  in  the  brain.  w>  also  do  they  receive 
their  specific  diameter  from  ihe  cerebral  background.  A  aensation  of  li^bt, 
however  prodnewl,  is,  in  the  \tisX  analysii*,  conditioned  by  a  material  changn 
in  the  brain.  It  follow?  that  tiuch  (ien«itionB  may  arise,  when  neither  the  eye 
nor  Ihe  optic  nerve  i«  etinnilated,  if  only  Die  "eat  of  ^erjfiation  in  the  braiu  is 
excited  in  aomo  way.  as  hy  a  disturbance  in  the  blood  supply,  etc. 

Herein  lies  the  cauM?  of  vidua)  hallucinaUoitt.  For  our  subjeetire  estperi- 
enoe  it  \»  a  matter  of  tiiditlereiiee  bow  Ihiki  particular  place  in  the  brain  is  rciuac^ 
to  activity,  whether  inediately  b,Y  the  optie  nerve  ur  immedinle].v  by  «ome  prucma 
in  the  brain  itself.  The  sensation  of  light  in  the  latter  case  must  be  }ust  as 
real  for  the  fjerwin  cxperienetnn  it  oii  a  semsation  produced  in  the  normal  manner 
by  the  action  of  litfht  on  the  retinu. 

What  wc  have  said  concerning  the  seneations  of  sight,  will  of  course  apply 
to  those  from  other  bcoscs. 

fi.  AUIionjrh  all  our  nenwitionii  inclusive  of  the  nrfranio  sensations  have  tlieir 
origin  in  the  brain,  they  are  not  conseionsly  referred  to  the  brain,  but  are 
projected  nutwnrd  either  to  other  part*  of  Ihe  lindy  or  to  the  Burroundinp 
apace.  TliUM  we  refer  the  sensations  of  touch  to  the  skin;  the  censations  of 
taate  to  the  tongue:  those  of  smell  to  the  apace  arruind  us.  to  the  no*e.  or  tn' 
the  mouth;  the  sensations  of  sound  commonly  to  the  surn)iuidin|r  tipace.  in 
exceptional  cases  tn  the  oar ;  sensation  of  sight  alway**  to  the  outer  world. 

The  information  concerning  the  gciieral  condition  of  the  body  brought  to 
the  central  nervous  system,  is  likewise  projecteil  for  the  mtwt  part  to  diiTer- 
ent  organs.  This  occurs  most  definitely  in  the  ease  of  pains  and  motor 
aensationa;  hut  other  organic  sensations  also  are  referred  ^o  peripheral 
organs — e.  g.,  the  iienaation  of  thirst  to  the  throat,  the  sensation  of  liuugcr 
to  the  stoniacli,  etc. 

Sensations  which  give  us  the  general  feeling  of  bodily  tone,  or  of  good 
spirits  are  not  projecteil  to  any  dellnile  organ.  N'either  arc  they  referred  ta 
the  brain;  they  represent  rather  a  general  peculiar  condition  permeating  the 
whole  hnAy,  which  is  present  to  consciousness  as  depression,  vigor,  indisposi- 
tion,  comfort,  etc. 

From  all  this  it  follows  that  in  so  far  as  the  nature  nf  our  scnnition  gives 
US  any  information  of  the  peculiar  external  agency  by  which  it  is  excited,  it 
conatitutes  a  sign  rather  than  a  picture  of  that  agency,     A  picture  deraand&j 
some  kind  of  likeness  to  the  thing  [lictured.  but  a  sign  need  bear  no  resem- 
blance to  the  thing  signified.     The  only  neecjisary  retation  between   the  twoj 
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is  that  a  given  object,  pre-wnt  under  the  aame  circumatances,  shall  always 
produce  the  same  e'lga,  and  that  unlike  eigns  ahall  always  correspond  to 
unlike  agoncJes. 

To  tliL-  popular  understanding  which  awDtnve  the  complete*  truth  of  the  pic- 
tures PDiiresenlfii  to  us  by  our  steii(M*s,  this  rerannnt  <if  ^iniilarity  may  fippc-flr 
very  mpaircr.  But  in  rralily  it  in  not  so;  for  BcrviM!!  of  Ihc  grcateat  jiosHihIc 
inoiiienl  to  u»i,  nuvii  aa  the  imrtrnynl  of  unif^imiity  in  the  ]>nici-»iMw  of  nature, 
can  be  iwrfonned  for  uh  by  mere  ngn*.  Every  natural  law  declarer  that  condi- 
tiuuK  whiob  aw  iIk'  8umc  in  a  L-ortuin  respect  arc  alwajs  followed  by  rcaulta 
which  nrt'  llir  BJinici  in  n  certain  Dther  re8i)ect.  Sine<!  likeutwt  in  tmr  world  of 
settHc  IK  i<ifrnifii>d  to  us  by  lillct^'  si^ns.  the  natural  sequence  of  enunc  nnd  effect 
will  have  its  rountftrpart  of  n  perfectly  uniform  8cqDen<»  in  the  realm  of  ncnsc. 
If  thi-rrffiTi'  even  ihi-  cjunliticM  nf  rmr  wiihations  are  nothiiiR  hnt  slf^n  whieh  are 
entirely  dependent  in  kind  upon  our  nervoun  ortta n i snt i«it.  they  lire  not  to  be 
dlBcardeil  as  mere  worthies*  counterfeit s.  They  are  Biffna  of  somi'lhing,  whether 
of  snmelhing  inen-ly  existing,  or  aomelhing  occurring,  and  what  is  more  im- 
portant, they  arc  able  to  portray  to  us  the  law  of  occurrence. 

Physiology,  therefore.  aeknowled|re»  that  the  nature  of  »eneation  is,  in  the 

last  analyflifl.  subjective.  In  essence  it  13  transcendental.  Rut  since  ctperi- 
eiice  provet*  that  excitation  of  different  afferent  nen'cs  produces  different  ff.n- 
itationit,  fiince  we  know  further  that  oenHation  has  its  correlative  phyi^ical 
proccsB  not  in  the  excitation  of  the  peripheral  ncnAp:  nvftnn  nr  thai  of  the 
afferent  nerveii.  but  in  the  aclivily  of  the  brain,  ami  finally  cinee  invoistigntion 
hflH  shown  that  different  afferent  nerves  terminate  in  different  fields  of  the 
wreliral  tiirtex.  which  in  their  turn  art*  connected  with  other  parts  of  the 
brain,  it  followji  that  the  t«pet'ifie  character  of  a  uensation  is  determined  by 
the  part  of  the  brain  rouiwl  to  action.  It  is  in  this  wnse  that  wc  shall  under- 
stand the  doctrine  of  specific  aerisattons,  ae  used  in  this  book. 


SECOND   SECTION 

THE  QUANTITATIVE  RELATIONS  BETWEEN  STIMULUS 

AND  SENSATION 

In  order  that  an  external  t<titnuluiii  may  produce  a  RcnFtatInn,  it  must  exrcecl 
a  certain  lower  limit  of  strength,  which  is  called,  after  Herbart.  the  ihreshold 
vatue  of  the  atimulut).'  If  the  stiniulu.1  Im"  increased  above  this  limit,  the 
ftCnsation  increasea  also;  but  while  the  strength  of  the  external  stimuluR  may 
bv  incrcaspfj  indeRnitely  the  intensity  of  the  «-nsation  never  exceeds  a  certain 
upper  limit.  Tluc  maximum  sensation  follows  a  relatively  wenk  stimulus 
and  a  further  rise  not  only  does  not  produce  a  quantitative  increjuie  in  the 
sensation  but  nn  the  contrary  and  in  ascending  degree  produce*  fatigue  and 
exhaustion  of  the  peripheral  sense  organ. 

'  The  thmthold  valut  of  thr  utimiiluM  tor  thr  »li(TiTi-nl  modalitim  of  nmMtion  varMS 
pvatly  Accnrdinf;  to  nrruniHt«nrp«.  lit  ntHolut*  u-rtn*  it  may  >ir  ptivi-n  iw  followa:  for  the 
nenmtion  nf  prrsmirc  TsWggth  of  an  trj:;  for  MnMtions  of  sound  TT.«i>:BV>th  at  &n  erg;  foe 
aenaatiooa  of  sight  (sr««n)  rsmrinitBth  of  an  erg. 
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Between  llie  minimuin  nnil  the  maximum,  h.s  thiua  deflnml,  variations  in 
the  strength  of  the  dtimulut  will  produce  varialioms  in  the  iutonsity  of  t]ia 
isation. 

g  I.    WEBER'S   LAW 

In  Mtimaling  tUfferencpp  in  tlie  inlctiKilv  nf  ficriHatinns  we  meet  with  a 
peculiar  dilHcuUy.  Wu  can  (ya_v  thai  a  cvrtain  st^nsation  im  stronger  or  weaker 
than  another  of  Die  »amc  kind,  but  wc  cannot  say  how  murk  stronfi^r  or 
weaker  it  is;  for  every  t«npalioi]  con.'^titiitfs  a  whole  in  itself  and  cannot 
}«  representtMl  a«  lh(>  »»m  of  K'Tetal  iodivWnal  sensfttions.  If,  for  exampk-, 
a  white  surface  is  iMuminadxl  at  one  tiiiu'  bv  1  candle  power  and  at  another 
by  n  candle  t*">wers,  we  can  say  perhaps  that  tliu  wnsation  in  the  seeoud  case  ia 
|!«tronf^r  than  in  the  firjit;  hut  we  rannot  tell  how  much  stronjrer  it  i*. 

The  relation  between  the  strength  of  the  stimulus  and  the  intensity  of  (he 
iiensation  is  not  to  be  determined  by  merely  setting  arbitrary  i<liuiuU  over 
againrit  the  hensatinnFi  evoked  liy  l.hem.  We  can  tietter  approaeh  the  problem 
by  inquiring  how  much  a  tjiven  stimulus  must  be  chan'jed  tu  jiroduce  a  per- 
ceptible change  in  the  intensity  of  the  sensation.  K.  II.  Weber  who  made  the 
Br»t  observations  along  this  line  (ISiJl)  laid  down  the  following  law  known 
by  his  name:  Titf  incrra.<ti'  in  Wk  Htinttifus  nfrfs^mry  in  produce  a  perctpiibte 
change  in  a  given  sensafion  must  aiways  bear  the.  same  reJaiion  to  ike  size 
of  tkc  inilinl  p(imttlu.i. 

Thit«,  if  to  a  weight  of  1  unit  a  pereon  must  add  a  weight  of  ^h  in  order 
to  make  the  second  load  perceptibly  heavier  in  his  own  subjeetive  appreciation 
of  wejglit  than  the  first,  then,  acconling  to  Weber's  law,  with  an  initial  load 
of  10  the  superadded  weight  must  be  Jjths  to  onaMe  him  to  detect  the  dif- 
ference. 

By  placing  weights  on  horh  hands  nt  the  »timo  time,  the  hands  being  aup- 
portod  on  iho  tnhle,  Webfr  found  thiil  ibnj  "  thir^bobl  diffownre  "  was  one-tfaird 
of  the  inili]i]  atimiiluH,  but  when  (he  wnmp  bund  was  suc(-'i'»»ivoI,v  weiKhlt^d  it 
Wflfi  onl,v  OOP-fourteenth  tn  one-thirtieth  <]f  ihe  initial  stimulus.  Tn  p^timniiuK 
weitrhld  b.y  the  inufi-ubir  senae — i.e.,  b.v  liftinir  them — the  threehold  differt-nce 
irops  down  tn  onp-fifteenib  to  one-twenlielh  when  both  hnndn  are  nnwl  nimul- 
taneoualy,  and  to  one-fortieth  when  the  weiffhts  are  lifted  successively  with  the 
•amtj  hand. 

According  to  cxpeTiment'*  by  Merkpl  with  fairly  pure  pressure  stimuli,  th© 
threshold  difference  for  /iO.  10f>,  2r>0,  .lOn  snid  1.000  g.  waw -pj^.  i-f,,  ^irf 
^,  and  ^  respectively.  For  weight*  above  and  below  these  values  it  ts 
not  so  constant. 

Another  illuptration  of  the  law  is  the  following:  \^Ticn  one  looks  a1  a  draw- 
ing with  shadings  under  dilTprenl  degrees  nf  illumination,  the  fine  gradations 
of  hrightnes?  come  out  with  abnul  (he  sarnr  Hnamess.  For  example,  if  he  look 
at  the  drawing  first  with  the  naketl  eye,  then  llirongli  a  gray  glass  which 
diminishes  the  intensity  of  the  light  ray*  frmn  dirferenl  pnrti*  of  the  drawing  to 
(he  same  extent  proportionally,  the  different  parts  of  it  are  stilt  seen  in  thsir 
proper  relations  as  regards  light  and  shade.  This  would  not  he  true  if  Ihp 
Bame  proportional  decrease  in  the  intensity  of  the  stimuli  coming  from  dif- 


fervul  jmrts  of  Ihu  drawing  prmluprd  proportionally  (lifferent  rnrialions  in 
thf  resulling  tu^n^ations.  It  in  owing  to  thi*  Rftrrii-  [vciiMnrity  of  our  organ 
of  virion  that  wo  iln  nr>1  wp  tlic  ntars  in  iliiylij;lil.  Tlu'  anifinril  n{  Wght  which 
thv  staiv  contributf  lo  Ihf  illumiuation  of  Ihu  htaveiw  is  too  slighl  in  pro|)or- 
tion  to  the  total  illumination  for  u«  to  detect  them. 

Merkel  has  bIiuwu  ihut  the  same  kw  holds  for  the  txuac  uf  hcartngr.  and 
CamtTiT  anil  Kppler  fur  thr  .wnse  of  taste. 

WeberV  law  is  tnie  within  fairly  wide  limits  for  all  the  M*n*os.  but  for 
very  high  or  very  low  tlegree«  of  intensity  certain  variations  inimc  in.  How- 
ever, sinre  the  stimnli  of  nic-dium  intennity  are  the  (mex  ttiiit  occur  most  com- 
riiooly  in  our  everyday  life,  we  may  any  that  in  general  our  eatimatcs  of 
differeneea  in  inlenitity  follow  this  law. 

In  iittoniptiiitr  a  tliinirvlical  f>Jt|ilntnilinn  nf  WphnrV  law  it  mniHl  not  Im>  for- 
gotten that  the  rmiHriouH  fien^ation  aroused  by  an  external  »timulu3  oeeurs  only 
when  the  excitntion  IM-Run  at  the  m-'iimp  organ  reachoii  the  eerfbrnl  corU-x.  It  is 
poiuibte  that  in  ihe  jniwly  |tIi,vAii>l<>(rirjil  fvi-iitH  tnkiiii;  place  in  the  iMTipheral 
wiwe  orRTiii.  in  th<'  iii.'rvv»  and  iu  the  pfntriil  nprrous  Bystcm  a  certain  inpreaee 
in  the  Ktimulus  prwluccs  tho  same  absMiIute  itiewaiic  in  the  cxcilation  amused. 
If  <M>,  the  reluttt>n.shi|i  exprejigod  in  \Vt>bi-r'»  law  would  tu*  due  In  siimcthing'  whirb 
i«  (Mvuliar  ti)  the  pniot'KK  n{  annisinfif  a  eonscioun  ■u^n^nlion  from  n  phyaiolofcifal 
oxcitntioii.  But  it  in  also  coneeivahle  thnl  the  prripbernl  senne  organ,  nervM, 
do.,  ihenuielvps  rcaol  in  accordance  with  Wfl>er'»  law.  mid  dial  (h*  law  itt  there- 
fort'  a  purely  ph.v»iol(>K>cal  (-ne.  Tlie  latter  alternative.'  U  probably  corrwet,  for 
approximately  the  name  relationship  of  exeitation  to  intensity  of  stimulus  has 
bft-n  obaerrcd  in  many  purely  physiological  procoaaea.' 

REFERENCE8. — W.  Jameg.  "  Prineiplw  of  pHyrholotty,"  Ni-w  York.  IMS. — 
0.  Kutpe,  "Outline*  of  Psychol* ifr>-."  translated  by  E.  B.  Titchncr,  New  York 
and  Tx>ndon,  IdOI. 


'  Ftvhncr  Miiighl  to  dmlurr  from  this  law  of  Welter  a  mnrr  gevtni  ODB.  tiiiown  as  the 
pttj'ohnphyxiral  liiw.  By  iiiviiiK  thn  [urmcr  on  lUifebnuc  expmrioa  and  ubibk  Lfae  dif- 
frmtliHl  ralruhiH  hf<  arrtveti  at  the  Tormula  E-C  loff.  nat.  r.  (wbera  E  is  lhf>  Mnaalion,  C  a 
ronetant,  tuid  r  the  Klimutii«>.  which  mmtifl  llmt  Lhi'  sccwaticMi  ia  pruporliunai  tu  iUc  ualural 
logarithm  of  the  iitimulus.  Ko  many  otjjrrtioiiH  havp  Ixwn  tirfccd  ujpkin^t  tliis  fommlaUon 
that  itA  further  rnnflidrmtioti  h^re  acwmB  unwaminlcd  by  \Uf  iriiportitnfT  for  tbr  pby.itDlo|f 
ica)  aide  ot  the  queiiLiontf  involved. — Ko. 


CilAI'TEH    XVH 

"THE    SENSORY    fUNCTIONS    OF    THE    SKIN 

AsniB  from  serving  an  the  outer  coverniff  of  t]\<-  ImhIv  and  ia  addition  to 
whal  it  does  in  the  aervice  of  heat  regulation,  Ihe  skin  has  very  important 
sensory  functions.  Notwithstanilinjf  that  m;irh  htis  bi-eri  explaini'ii  hy  work 
(loni-  within  the  last  dii-aih-.  thu  ijitiinate  uiechauii^in  of  thes«  functions  stilt 
Mjjppars  to  be  verv  t-niguiatieal.  We  »f.hall  divide  them  into  three  different 
gr>3ups,  nuniely:  (1)  scniiations  nf  tempcralure,  (2)  ncnuations  of  pressure  and 
tuutjh,  (3)  Hi-nsutions  of  pain. 


g  1.    SETTSATIONS   OF   TEMPERATURE 

Tfmperaluru  seiitiations  aru  of  two  kinds,  cold  and  heat  sensations,  and 
both  arc  prnlmhly  related  to  the  rogulatioii  of  heat  in  our  bodies.  The  nerve* 
which  mediule  llifM'  M'nsations  produce  reflex  efEect*.  which  manifeftt  thcm- 
selvc'^  as  vuriatiuus  in  tlie  inteii^^it}'  of  combustion,  in  the  diittribution  of 
blo'H).  and  in  the  nctivity  of  the  sweat  plands.  Thn  rnnseioui'  sensations  of 
teniperalurt'  inform  ^(^  Siow  the  ihiekiiess  of  our  drilling  and  the  temperature 
of  our  rcvims  need  tr>  Iw  changed  one  way  or  the  other,  although  it  must  be 
ailoft-ed  that  this  information  not  infrequently  leads  hb  astray. 

iriitd  a  few  years  ago  it  wa-s  generally  i^uppoeed  that  the  diametrically 
oppcnili'  sensntions  of  heat  and  rold  werr  mediattvl  alike  by  nil  parts  of  tha 
»l(in  and  that  only  one  kiiul  of  nerve  fiU'rn  wa.-*  coiu^uniwi  in  tmth  iwn»ations. 
Blix  and  Ooldscheidor  independently  nf  eaoh  other  (1883,  1884)  demon- 
straleil.  however,  that  not  all  |>oints  on  the  skin  are  eapablc  of  amusing  tem- 
perature seiif^ationrt  of  Imth  kimU.  hut  that  the  nerve?  which  mediate  senpniions 
of  heal  have  their  end  orgaau  at  different  points  from  thoiw  which  mediate 
seiumtioDs  of  cold. 

ThiB  proposition  is  proved  by  the  following  exprriraents.  A  melallie  tube 
drawn  mit  to  n  fine  pnint  is  filled  with  water  <">f  the  desiird  tempernhire.  When 
enid  water  iit  UM-tl  and  the  lip  nf  the  tube  is  opptircl  to  Ibo  Hkin,  eare  bc-in;;  taken 
not  to  exert  pressure,  one  ntisen-eii  tliiil:  the  p<iiiil  e«ii  oiilj'  l>e  felt  wib!  at  cfrtuin 
apotx,  while  at  others  it  produoes  no  sensation  of  temperature  at  all.  If  the 
experiment  U-  wix-iited.  u^in^  this  time  warm  water  instead  of  cold,  we  find  that 
seiisfUinns  of  heat  enn  he  received  only  from  eertain  points. 

MitrkinR  off  eold  upola  and  heat  HpotM  on  (be  skin  with  different  eiilor*,  we 
find  that  the  twd  do  not  eoineide.  a]thou((h  it  must  be  said  that  a  perf<-ctly  pxiict 
determinalinii  nf  their  relative  positions  is  very  ditReult  or  quite  imposaiblo, 
owing  to  the  eonduetinn  of  bent  by  the  skin  (t-f.  Fig.  182). 
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The  prescnec  of  different  IfmiKraturi;  points  linn  been  estAbli^hiMi  not  only 
by  uiu>  of  the  niiiiroEiriate  tcinircralurc  stimuli  but  alio  by  meciuuiJca),  dcctrical 
Aiid  vbetuicai  ^timuUtiou. 

'I'lie  wimation  which  is  produeed  by  stimultttinn  of  a  single  tL'mpemture 
point  ii  not  "  poiiiLlike '" ;  iiutead.  ontj  pxpL'nencc!i  a  snrt  nt  irnniiulinii  of 
ihir  fwling,  so  that  the  .teiisatimi  is  more  extensive  than  the  leiuperature  point 
— i.  e.,  it  a]i[H'nrs  to  Ijt;  diskhki'  ami  ul  ihi?  name  time  to  liavo  depth,  li  is 
oil  tlii^  accouut  thul  lliti  teinpertiture  si^n^mtioiL!!  an>UM;d  by  conUct  with  varni 
and  cold  tibjocts  appear  to  be  perfcclly  eontinuoti:*.  giving  no  indirntion  of 
the  pointlike  ammgemcot  of  the  eml  organs.  Then  we  are  inehnwi  aU<>  to 
fill  u]i  unronsciously  nil  the  gaps  in  our  special  sensations  (cf.  Ihe  blind  spot 
in  lh«  eye.  CImpler  XXlj. 

Thf  iiumlicT  of  i-old  8|MttH  in  the  »kin  of  an  adnlt  ia  fonnd  lo  Iw  fi-2S  jK-r 
8()unre  wnliiiieter  <»f  mirfucL-;  llir-  iiuinlHTof  warm  *iii>(*  '.1-3.    Theenlin;  earfacc 
of  the  body  would  eoutnin.  rherffon-,  about  Jt^COW  cold  fipots.  and  about  ^,1)00 
wami  8[H)ts.    In  a  ehild  the  temperature  prfinis  ap|>ear  to 
stand  rlnner  toKether.  and  thii^  may  Ik>  taken  to  rncan  that 
thi-  I'hild  is  Ixini  with  hiii  eompleie  e<)uii>mo)>t  ni  ^ueh 
poiiitii. 

In  order  to  obtain  a  more  aecurate  Idvu  of  the  topoRra* 
phy  uf  the  temperature  wiiiiei'.  GuhUeheider  has  9iimulnti.-d 
different  portions  of  the  skin  with  ihe  i-nd^  of  e<.bl  and 
hot  rods  S-4  cm.  in  dinnieter.  One  cannot  obtain  the 
number  «sf  temperature  point)'  b.v  lhi»  method,  but  ean 
ti«t  the  relative  Hensitivity  of  different  i^'ffion.4  very  well. 
Tliua  if  there  be  no  temperature  points  in  a  crrlain  pot^ 
lion,  iippli<ration  of  the  roils  will  pnKluoe  no  !>eiiA3tion  of 
temperature  at  all;  if  poiiitB  are  prewni,  they  maj*  vary 
both  in  number  and  exeitubility,  wi  that  thi>  dLvrei*  of 
seneitivity  will  varj-.  A  wurfiiiv  with  only  ii  few  inletuir 
points  would  (five  a  stronsrer  eensntion  than  another  with 

many  wfak  points,  ete.     Tig.  1h:{  i*  niren  m  an  example  of  the  toiMtgraphieal 
dislribulion  uf  the  cold  and  bent  ttetiw!*. 

Otddsclieider  sutnmnrizcs  his  nutnemuii  cxpcrimoniii  on  this  subject  as 
follow*:  (1)  The  cold  scin*e  is  ererywhere  inopp  (wrfectly  dcvehtpud  both 
exlensively  and  intennively  tlian  the  beat  m-iwe.  (3)  'I'liif  T^Ialionship  hold* 
tiA  well  for  llie  jiarl,^  of  the  skin  linbitually  clothed  Jis  for  the  pnrts  hnhilnally 
nakwl.  tJolUscheider  finds  the  ranse  of  till*  regional  *lilTerum-e  in  tlie  varyinji 
nnmber  of  nerve  fibers  supplienl  to  the  different  plaees.  (if  course  there  ^iutujd 
be  added  also  the  varying  thickness  of  tlie  epidermis  covering  the  cnti  or^mns. 

Tlie  experiments  tif  different  HUlhon«  agree  fairly  well  with  rr-gnrd  to  the 
aculeneas  of  the  tempeniliirc  u>nM:«  in  tin*  differrnt  regions.  Those  most  icn- 
»itivo  to  ttraperature  stimuli  are  the  nippUi.  and  the  bre»st  in  ^•'''ernl.  the  aim 
nasie,  the  anterior  part!)  of  the  nmi:  then  follow  the  outer  anftlo  of  thi-  eye,  the 
upper  lip.  the  abdomen,  the  volar  side  of  the  forcnrni.  the  inner  pans  of  tho 
lhi]fh.  ihi-  forcb-g.  ete.     I^-nst  sfnAitive  of  nil  h  the  sr-alp. 

Thf  hand  in  but  sliKblly  wn«^itiv  t<>  ti-miwnitun'  and  in  (renoffll  it  ean  be 
•aid  ihnt  fhiw^  n-Kion>  of  the  «ktn  which  are  uxwd  ^p*eiolly  for  touch  arc  leas 
sensitive  to  temperature  than  othiL'r  region!). 


Fifl.  IK2.— TltP  arukiup^ 
laenf  at  eoKI  spa't 
(jcnvii),  hntl  trpata 
(nth,  and  pnarara 
■fiou  (l)liu-kl  on  a 
ainall  arta  ot  Ihr  <lar- 
Mil  aialr  n(  l}ii>  left 
MTiitt,  afltr  lllix. 
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The  temperature  sense  is  about  equally  developed  at  symmetrical  points  on 
the  two  sides  of  the  body,  but  there  is  no  special  congruence  exhibited  between 
such  points. 

The  mucous  membranes  possess  as  a  rule  but  a  feebly  developed  temperature 
sense,  or,  as  ia  true  of  the  cornea,  none  at  all.  Especially  is  the  heat  sense  poorly 
developed  in  such  places. 

A  given  cold  stimulus  will  evidently  produce  a  greater  cooling  in  a  unit  of 
time  and  will  therefore  constitute  a  stronger  stimulus  for  the  cold  nerves,  on 


a.  Cold  sense. 


b.  Warmsinse.  s^«  i"-  '"^l-  ^Pf'  "T  Oi  «„„ 


Fio.  IKi. — Topographical  distribution  of  the  told  anil  heut  scnnt's  over  the  middle  region  of  the 
back  of  the  htvnd,  afti-r  Guldseheidcr.     The  relative  sensitivity  ia  indicated  by  depth  of  simde. 

parts  of  the  body  which  arc  urdiiiarily  cluthed  than  on  iiiK'I'ithed  parts.  The 
relation  of  tlit-  heat  sense  to  the  cold  sense  is  for  lliis  reiisdii  somewhat  different 
on  clothed  and  unclothed  parts. 

So  long  as  tiie  temperature  of  the  surrounding  atinospliere  changes  but 
little,  we  do  not  as  a  rule  experience  any  sensalimi  of  temperature,  althoupli 
tome  parts  of  the  skin,  aeeording  as  they  are  clothed  or  not.  may  be  verv 
inucli  warmer  or  colder  than  others.  When  a  person  goes  from  one  room 
in  which  he  feels  neitlier  cold  nor  warm  into  another  which  is  colder  (or 
wanner),  lie  immediately  feelrf  cold  (or  warm).  Rut  if  the  difference  l)etwocn 
the  two  rooms  is  not  vcrv  great,  all  sensations  of  teinjicraltire  disappear  within 
a  short  time.  If  now  he  returnri  to  the  first  room,  his  experience  of  tem- 
perature will  lie  just  the  reverse  of  the  former  eliiinge.  until  again  the  sensa- 
tion gradually  wears  off. 

The  temperature  of  the  surrounding  afmosplicre  therefore  mav  varv  within 
certain  limits  without  jiroducing  in  us  any  eorrcspiinding  sensation.  One 
niiglil  snppo-^e  that  this  ability  of  the  -kin  \n  adapt  itsi'lf  to  slight  changes 
of  t<'mperatiire  would  he  due  to  variations  in  the  distribution  of  blootl.  so 


thilt  the  end  orgaiis  would  have  a  uniform  teiuperaturo  in  ispiti;  of  the  varia- 
tions outsidf.  Kut  tliis  is  uot  the  case,  for  TKunbcrg  huA  shown  that  the 
adaptaliou  in  Ut  lie  obscrvwl  cveu  after  a  large  quantity  o(  blood  lias  been 
drawn  from  the  vcsscU. 

K.  H.  Wcljcr,  to  whom  we  owo  the  fir«l  careful  ntudica  on  the  sensory  func- 
tiotiii  of  the  »kiu,  watt  of  the  ripitijon  thnt  lite  heat  spotn  nrc  nliinuUliul  MiK-cififtilly 
by  an  increajM*  in  thi»  ti-iii|HT)ilun-  of  iIr-  skin  and  the  cold  sputs  by  a  fall. 
Hurin^,  on  the  other  hand,  conceives  that  tht'  determiiiiiiK  factor  U  uot  the 
tprnpernture  of  the  ukiii  hut  u{  tlie  thcnnal  apiiaratua  iiself.  Wi>  eunuol  hcru 
filter  into  a  diiiniifunon  of  the  merits  of  these  two  hyinttheiieJt.  We  may  merely 
mention  one  pheiu>menon  which  eon  scarcely  be  explainet]  by  either  of  thu'm. 

It  is  a  common  espcriciici'  that  one  soninlinici*  fi-cls  a  nftiitntuiu  af  riiitl  &fi 
geltinff  into  a  hot  hnth.  Thitt  is  becaufW  the  cold  xputM  of  the  skiu  nwpond  tu 
llie  heat  stjmulun  with  their  own  pceutinr  wn^atioii.  Exeitation  of  lhvi»e  jtpola 
by  heal  oceura  only  with  Ktimuli  of  45°  C.  and  upward  (U-htnan.  v.  Krey).  The 
reverse  prr)resa  of  itiimulaiinR  the  heat  spota  by  cold  jrives  no  reaction. 

The  end  organs  of  the  temiwratun'  nervea  share  with  i^ther  ncni'wuh  end 
orgirnn  3  peculiar  property,  in  virtue  "f  which  the  xlrfiiiilh  of  llie  exfitation 
flmtised  (le|M'iidx  upun  the  rapidity  of  the  »(imuIatiou,  in  this  case  upon  the 
rapidity  uf  the  iucrcaec  or  ducrcatK'  of  temperature.  The  atrtnijlh  of  the  ifftma- 
tion  de|K-ndj«  also  upon  the  size  of  the  xkiu  arejt  stimulated:  if  the  whole  band  ia 
4lip|ied  into  water  at  37°  C.  tlie  water  fctda  wanner  than  water  at  -tO"  into  which 
only  one  finfrer  is  dipped, 

II  a  piece  of  metal  at  2-3°  C.  be  placed  in  contact  with  the  itkin  of  the 
hrttw  for.  ftuy,  thirty  wcunda  and  then  ri'inoved,  the  M-iitmtiun  of  cold  on  thai 
part  of  I  he  Kkin  is  experienced  for  attme  twenty  seciiiids  afterwards  (R  H.  Weber) 
— i.e.,  the  temperature  senaalinn  prntinis  nfrer  the  t^tiinulus  is  removed. 

A  ehange  in  the  temperaturf  of  the  ,-tkin  reduces  the  excitability  of  both 
kindet  uf  leinperntnre  nervp  endings.  Tf  one  hand  be  held  in  rnodcnitely  cold 
water  and  the  back  tif  the  nllier  harxt  Ih'  clipped  in  the  name  water,  it  seems 
colder  to  tiie  latter  hand.  If  the  skin  be  overheated  then  dipped  in  cold  water 
the  water  seems  warmer  than  otherwise. 

If  hnt  and  cnlrl  ittimuU  he  applird  Himultaneouiili/  to  the  same  akin  area  the 
sensation  of  cold  appi'ars  first.  Likewiae  un  stimulation  of  the  cold  <>potA  the 
seiD'iilioii  i.i  sliarpcr  mid  reacKoa  its  maximum  sonncr  than  tlie  Mentation  arouM-d 
by  otimiilHlinii  of  the  hctit  i»|iotti.  This  difference  i»  not  observed  on  stimulatirm 
(if  ihe  temperature  spots  by  electricity.  From  these  facts  v.  Frey  cunelud<«  that 
the  heat  enditirtri  lie  in  the  deeper  layers  of  the  skin,  llie  cold  cndinga  in  the  more 
superficial  layers. 

§2.    PRESSURE  AlVD  TOUCH 

Hy  (he  press'ire  eenee  vre  not  only  dijitinfniish  pressure  and  contact,  hut 
learn  al:*o  whether  the  surface  of  an  object  i«  smooth  or  rouph,  whether  an 
obje^-t  i«  jiharp  or  dull,  hard  or  ftofl.  solid  or  liquid,  etc.  Here  bclonf*  also 
itehing  and  tickling  iiem-ation^  and  the  like. 

It  is  perfectly  certain  that  these  different  *<enMition^  are  not  all  meiliatcd 
by  the  true  ner%'es  of  prc*.iuTe,  hut  that  other  afferent  ner^Tn  plar  an  iin* 
portanl  jiart.  If  for  example,  we  per«'ive  an  object  to  tw  hard,  this  wnaation 
of  hardness  is  caused  not  only  by  ihe  effect  prodnc^tl  on  the  nerves  of  preTtsure. 
but  there  is  experienced  also  a  ^riiAifion  of  resistance  which  ia  evoked  by  the 
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ao-called  motor  getue  (cf.  Chapter  XVIII).  Since,  however,  these  different 
kincU  of  pmsiire  seiuatioiu  have  not  been  snfBcientlj  diffnentiatod  eittwr 
pfajnudogically  or  pejcholagically^  we  shall  limit  Ok  following  diacoaaioB  to 
prenaie  araisations  in  their  rimplest  form. 

Blix  was  the  first  to  demonstrate  by  mechanical  stimolatiai  of  the  akiB 
with  fine  points,  that  the  pressure  sense  like  the  temperature  sense  is  not 
cinitinnonalj  represented  over  the  entire  skin,  bnt  that  the  aid  orgmns  of  the 
nerres  mediating  the  sensation  of  pressure  are  separate  firom  <Hie  anotter 
and  are  not  identical  with  the  end  organs  of  the  temperature  nerres  (see 
Fig.  182). 

Stimidating  the  pressure  points  as  li^tly  as  possible  with  a  Inistle  ]no- 
dnoes  a  delicate  but  Tivid  and  often  eomewlut  tickling  seosation,  sassh  as  is 
experienced  when  one  of  the  fine  hairs  on  the  skin  is  moved.  Aooording  to 
Kiesow  this  shows  that  the  tickling  seruation  is  a  sensation  of  pressure  of  a 
peculiar  shade  occurring  under  special  nrnditions  (and  in  certain  cases  con- 
nected with  sensations  of  contraction).  With  a  little  stronger  preasiue  the 
sensation  takes  on  a  perfectly  characteristic  quality,  as  if  it  were  prodooed 
by  a  small,  hard  grain  being  pushed  into  the  skin,  hence  the  name  "  giann- 
lar"  used  by  Qoldscheider. 

The  pressure  spots  can  be  Bought  out  bIbo  b^  means  of  induction  Aocko. 
B7  monopolar  stimulation  of  the  spots  b  prickling  sensation  is  experienced  with 
a  strength  of  current  which  gives  no  sensation  at  all  if  applied  in  the  intemla 
between  the  spots,  v.  Frey,  who  has  studied  exhaustively  the  dectric  stimnla* 
tion  of  the  pressure  points,  observes  that  induction  shocks  produced  by  as  manj 
Bs  130  interruptions  of  tbe  primary  current  per  second  are  felt  as  independent 
shoHt",  also  that  the  constant  current  causes  a  discontinuous  excitation.  On 
certain  regions  of  the  skin  (fingers,  tip  of  tongue,  red  edges  of  lips),  Seisi  haa 
found  that  mechanical  shocks  can  still  be  appreciated  as  distinct  if  they  occnr 
at  intervals  of  0.001-0.002  second. 

The  pressure  points  arc  arranged  tctth  special  reference  to  the  liairt.  £!ach 
hair  has  a  pressure  point  near  its  point  of  exit  and  directly  above  the  deepest 
part  of  the  follicle  (v.  Krey).  It  cannot  be  said  however  that  the  number 
of  pressure  points  coincides  exactly  with  the  nuinlwr  of  hairs.  In  the  first 
place  the  hairs  often  stand  in  twos  and  threes  and  then  arc  so  close  together, 
that  it  is  not  always  possible  to  demonstrate  the  presence  of  pressure  points 
belonging  to  them.  Besides,  one  finds  here  and  there  within  the  r^ons  clothed 
by  hairs  some  pressure  points  standing  quite  apart  and  wholly  unrelated  to 
any  hair. 

The  number  of  pressure  points  varies  in  different  parts  of  the  skin — e.  g.,  on 
the  flexor  surface  of  the  wrist  28  per  sq.  cm.,  on  the  anterior  surface  of  the  fore- 
leg 5  per  sq.  em.  (Kiesow).  According  to  v.  Frey's  cfltimate.  the  entire  surface 
of  the  adult  body,  with  the  exception  of  the  head,  would  probably  contain  about 

600,000  pressure  points. 

Excitation  of  the  pressure  points  appears  to  be  accomplished  by  deforma- 
tion of  the  skin.  WTien  a  perfectly  uniform  pressure  is  applied  to  the  akin 
no  sensation  is  produced,  the  best  illustration  of  which  is  the  fact  that  we 
do  not  feel  the  pressure  of  the  atmosphere.    The  following  experiment  alao. 


TUi:  ux;al  sign 
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first  nado  liy  Mcissnor.  illustnites  ihc  >yinH'  jioinl.  If  tlu^  Iiand  !►?  rlipi>ed 
into  water  or  mercury  at  ihv  tenijHTjUtin'  nf  lln-  skin,  iid  siniwilimi  i**  prfKliicxil 
in  any  part  of  tliv  skin  sultrtiergctl  »u  luuj;  us  tlit-  liaml  is  kepi  perfuetly  ttill 
and  ciiiilact  with  the  vessel  \s  flvoidcj.  But  a  seme  of  pressure  i*  felt  at  the 
boundary  line  betvreeti  air  and  liquid. 

A  wr>i|];ht  allowed  to  rent  upon  the  <ikin  for  a  long  time,  ia  felt  continuouftly, 
but  with  IfKS  aiid  lew*  tli»tiiK'tiK-H8  im  tim<.*  gix-n  on.  Shi>ulil  llie  weight  Im.>  very 
email,  it  may  be  felt  oiil^J  nl  the  moment  of  it«  iippHciilion.  Jti-movnl  of  the 
weight  ill  iiul  uf  euurt^e  Hpi)i'e<.-iuled  unlf«4  it  i»  bvuvy  etK>UKli  to  Ih.'  fell  ult  the 
time  il  in  [irpHent.  Often  the  wiiMitiou  outlasts  tlie  etiinulub,  pruliiibly  owing 
to  the  [KTHi^leuce  of  the  deforiuntion  iu  the  i^kin. 

Kieaow  givva  the  fnllowiiiK  dntis  with  n-^'ird  to  the  sensilircnesa  of  the  dif- 
ferent partu  of  the  skin.  Tlie  relative  strenjrlh  nf  the  teti)nir,ing  indiiclinn  eur- 
rcnt  necessarjF  for  the  threoholcl  Btimultu  is:  ou  the  tip  of  the  tongue,  1:  lipe, 
l.l;  nulerior  half  of  the  toiitrue,  5;  lipn  of  the  fiiuriTs.  11-17:  tip  of  the  thutiib, 
18-31 :  edfie  of  the  kiif^'pnn,  21 ;  styloid  proeesa  of  the  ulna.  34-3". 

Stimulating  the  skin  uf  the  frofr  wirh  prori-^ure.  Steinaeh  wah  able  to  obi«ervf 
■a  Heliioi  furn'iit  in  th«<  corrrt«[KJTHlitig  nerves,  the  titrcnglh  uf  wliieh  was  found 
to  depeud  upou  thul  uf  the  sliuiulus. 


§.'t.    THE   LOCAL   SIGN 

A  |N-rson  priekcd  on  iIm!  i^kili  with  the  point  of  a  n»vdle  ran  tell  with  the 
tyfct  elowtl  exactly  when*  the  uit-dle  is  npplitnl.  'I'biK  ability  I«  n^fer  n  culann- 
OMK  stiniuluH  til  the  i'urreet  jiliin!  ih  often  dt^^t-riU-d  f'lr  lin>vily  nn  thi>  S4>n)«e 
of  Im-atioii,  but  is  better  dewrilted  as  the  fMirrr  of  Iniiilizalion.  K,  II.  Weber, 
who  was  Ihe  first  to  iiiresttgote  this  ftcoac  with  any  completeness,  upplitx)  tho 
two  iiomt«  of  a  drau^htsinnu'«  conipiuix  to  the  skin  and  deierculncd  the  len^t 
distanre  from  ofieh  other  nt  which  they  eould  l»e  diiilinttninhed  by  the  tiuhject 
aw  two  distinct  pnints  when  applii-nl  to  dilTyreiit  parls  of  Ibc  skin.  The  less 
(hi!i  diiflnnre  war*  fouiul  to  Iw  the  greater  waj:  the  ability  of  the  skin  to  localize 
till.'  siiniului*  uccuraiely. 

The  followiiiK  nn*  mmiic  of  WcIht'h  n*)iut(}i,  given  iu  inillinu>lerA:  tip  of  tho 
tongue,  I;  tips  of  the  tingers,  :!;  Ii|»),  4.^;  doniui  vidv  of  Ihe  third  joint  of  the 
lingers,  7;  side  of  the  tongue,  H:  outer  tiurfuee  of  the  eyelids).  11;  dorm)  aide  uf 
the  fintt  linger  joint,  Itt;  bruw,  23;  buek  uf  tho  hand,  ^1;  sternum,  4it;  middlv 
of  the  haek.  ««. 

We  wf  thnt  the  dintniioe  ift  greatest  on  the  trunk  and  Hecreoaes  more  and 
mt)Tv  am  wt-  jnnw  towtin]  lli<-  end"  of  Iht-  e^itrvmiliiit.  It  is«  leutt  nn  the  li|»  of 
the  lingerii  (iieglei-titig  the  tip  of  the  tongue) — i.e.,  just  where  the  skin  is 
umhI  for  the  niiwt  deliente  touch  and  where  tbc  discernment  of  alight  interrals 
between  objeeta  ia  most  iieeiiwary. 

Otir  ability  to  distingiiih  i^litrhl  inlerraU  of  opace  with  the  nkitt  ifi.  how- 
ever, not  fjuite  «n  limited  aj>  it  mifrh)  appear.  In  the  first  place  as  we  know 
fmm  riumy  cs fieri f »<■<■«.  it  ciin  \je  improved  Uy  pmrlire ;  in  the  Hvond  plaee 
plight  intervals  are  much  more  sharply  distinguished,  if  the  two  plaeoi  (in 
the  »kin  are  stiuiulated  not  jiiuinllaneously.  but  nurrfMxvtlti  (.ludd.  v.  Frey) ; 
and  in  the  third  place,  this  nhility  is  inudi  greater  wheu  two  isolated  pressure 
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points  arc  stimulated  than  when  the  noodles  arc  applied,  aa  in  Weber's  etperi-I 
mcnts.  quite  at  rundoin.  Ifiuior  huilalile  i;omlitioni*  of  the  experiment  tin' 
wnallcst  distatKX*  al  wliich  any  two  stimuli  appUwl  to  tlie  skin  can  l>e  recog-| 
nizcd  ts  distinct,  corresjiomls  closely  with  the  dislnnee.  as  determinerl  by| 
giiccessivo  stimulation,  of  noighfjoritig  tactile  points  from  each  other  (t.  Freyi 
and  Metznor). 

Thr  iliffL'ppncfu  already  nbeerved  l»twc(?n  dilTfrenf  pfvints  of  the  skhi,  obUiiiiiJ 
also  f«ir  the  sliimilnlinn  of  iBitlntrd  [tretwure  poiiili*.  hh  the   folluwinK  nutnmttiyi 
will  shriw.     The  sniiillcHt   perceptible  disTatice  for  ihe  iiiiit  jointtt.  volnr  *idc  is 
0.1   mm.;   for  thf  b»ll»  uf  (he  JinKiTK,  <l.I-fl.2  mm.;  (mlm  of  iho   hand.  0.1-0.5; 
ball  of  Ihe  thumb,  0.2-O.4;  nrnw  and  chin,  0.3;  hack  of  Oio  hand.  0.:i-O.8;  chcelt,, 
arm.  brow.  0.4-1.0;  foreleR.  abdomen,  1.0-2.0;  Ihiffh,  0.0;  bncfc.  4.0-6.0  mm. 

II  haw  l)een  found  also  that  the  3iiialU*st  perceptihh'  diRtaneeft  are  shnrf'r 
when  the  points  applied  sitimltaneouttly  are  plaetd  in  the  transverse  direction 
from  oflch  other  than  when  the  line  joining  them  lies  in  Iho  lon^ritudinal 
direction  of  the  part,  and  ihut  they  di-rn'ase  wilh  Ihf  tltHtance  of  thp  pnintj; 
tested  from  tliu  nAiii  of  rolaliim  uf  the  niemhers;  thus,  on  the  arm  nhore, 
.^3,H  mm. ;  heJow,  -JJ.B;  on  the  forearm  nhove.  41.2;  helow,  2"^. 5;  on  the  hand 
above,  30.4;  heloWy  7.8;  on  the  third  finger  above,  7.5;  httow,  2.5  ( Vierordt). 

The  power  of  loealiaation  is  reduced  by  fatiirue.  antemia.  low  temperature, 
ete.,  and  ia  iiitenaiticil  b.v  h.v iiem-nii a  of  th«)  akin.  ChJldreu  have  a  more  precise 
power  of  loeahtation  than  nilnhft. 

It  15  really  very  remarkable  that  we  have  the  power  to  dititinguish  two 
points  i\&  two  when  they  are  applied  to  tlio  skin  sinuittanenusly.  For  the 
niiire  excitaliou  from  the  one  must  be  just  like  tlmt  aroused  from  the  other. 
But  the  fact  that  we  have  the  power  to  foci  thcni  as  two  must  mean  thai  the 
two  sensatione  of  prcw^ure  difTer  in  some  definite  property.  Since  now  we 
■  van  difitin^iiish  simultHneously  iftimulated  pniiits  better  the  farther  they  are 
apart,  it  follows  further  that  this  differenre  helwwn  the  scnsationa  produced, 
from  dilTereut  ixtints  is  greater,  the  farther  they  are  apart. 

This  difference  between  slie  resulting  sensations  which  enables  us  to  locals' 
the  place  of  ;*tiniuIa1ion  is  known,  since  Lotze,  as  the  locn^  »ign.     Since  every 
sensation  arises  in  the  lant  analysis  through  cerebral  processes,  we  may  con- 
ceive of  the  local  sign  &&  a  diilL'reucu  iu  some  property  of  the  different  sections 
of  the  brain,  excited  by  stimulation  of  the  different  pres-sure  nerves.      In  ai 
crudely  iK,-liematic  way  wo  may  imagine  that  ovory  pressure  nerve  la  connectc*! 
in  wime  way  with  a  special  nerve  cell  and  that  excitation  of  thia  nerve  cell 
produces  Q  specific  shade  of  sensation  which  differs  from  all  other  aensationsl 
of  pressure. 

The  temperature  nerves  of  the  skin  likewise  possess  this  power  of  localiza- 
tion, but  it  If.  not  fin  highly  developed  for  temperature  a.*;  it  is  for  pri's.mir^*. 
The  cold  spot*  ap])ear  to  have  a  more  precipe  power  of  local  leation  than  t 
heat  spots. 
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The  power  of  locflliitRtion  of  the  retina,  esp^vially  of  the  fovea  oontraliM,  will 
l)e  tnkcn  tip  in  Obniiler  XXI. 
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§4-    PAIH 

If  too  strong  a  etimuluR  l>e  applitil  to  Ihe  tk'm  or  if  il  be  continued  tuo 
long  or  be  rep<;ated  too  often,  a  poeuliarly  disat^Lfable  sen«ution,  winch  we 
call  jiiiin,  is  ar(inr*cil.  With  »  surticiimtly  stmng  .^limulii!*  the  iwnsution  is 
diffurtwl  in  i)ur  iMTCcjition  irinrt;  nr  \qi^  liej-nni!  the  part  of  tlio  >!kin  directly 
excited.  And  from  pain  of  very  great  intensity  convulsions,  loss  of  con^cious- 
neaSj  or  even  mental  derHngemont  may  Tctult. 

Senitationd  of  pain.  wIkim*  ini}iortattt  ftinetion  it  i«  to  direct  our  attention 
1q  at)  kirnU  of  inKuences.  which,  if  neKlertetl,  rtiiglU  bring  ii«  into  great 
danger,  nro  nicdinlcil  not  by  the  skin  alone,  but  by  all  other  part^  of  the 
body  as  well.  I'atliolngical  pMccsset*  iii  the  iiilernal  organs  of  Ibo  body  or  in 
it*  members  are  often  accompanied  by  pain.  Crainps  of  the  niuiiclcs  give  ri« 
to  severe  pntns,  and  thif  feeling  of  great  fatigue  in  the  rnuscbM  after  frevere 
wiirk  liu.-<  on  the  iMirderland  of  painful  sensations.  Pressure  on  the  eye  causes 
pain,  n  bitterly  cold  wind  causes  pain.  Then  there  am  toothache,  earache, 
headache,  labor  pain«.  and  many  others  of  which  we  have  no  need  to  be 
reminded. 

It  is  very  diScult  to  draw  a  sbarp  line  between  actual  pain  and  a  mere  feel- 
iiijr  i>f  diapleaau re.  HiRh  tones,  c.  R.,  nre  rxtn-rni'Iy  uniiUnisaiit ;  so  aUo  are 
vibrations  and  rapid  variations  in  the  intensity  of  Ughl:  bad-sniclling  and 
bad'tastinjt  aubtitancea  pntduce  nnuiwa.  Soverat  uf  these  and  other  analogi^us 
eviisattons  prDdutw  iu  cvrtain  iiidividuHls  «ffecU>  ttuite  »imi)ar  to  ihtMe  uf  pru- 
nounccd  painH. 

Only  the  painf'nl  sensation?  amused  by  the  nkin  have  heen  subjected  to 
eiact  analysis. 

Tb»  cutaneous  pains  are  not  always  of  the  satne  character,  but  exhibit 
differences  which  are  due  mainly  to  diiTcrent  combinations  of  the  various 
Mmeulinnii  rnediuted  by  tlic  skin,  but  also  (o  the  c^li-nt  and  duration  of  the 
stimulus.  Thus  a  burning  pain  in  arrnmpanied  hy  a  ^wnsation  of  beat;  in 
a  ulinginij  pain  the  dii^turbanci!  h  confmtil  to  a  Hniatt  arvn  r>f  lli«  iikin:  we 
call  a  pain  mtlinff  if  it  i»  <listributL'<l  over  some  extent  oF  the  botlv  with  a 
certain  spctnl :  n  throbbing  pain  is  arnus^Hl  when  tlic  pain  conies  and  goe^ 
with  the  pulf<e.  as.  e.g..  in  the  case  of  inflammatory  pains,  where  the  pulsa- 
tions cause  an  increase  in  the  pressure  of  the  tissue. 

Pain,  rnnre  than  any  other  sensation,  has  immfflJiote  reference  to  onnwlf. 
and  likewise  the  intensity  of  pain  more  than  that  of  any  other  senwition  is 
inrtuenccd  by  the  mind.  When  a  person  cuts  himself  arfirlentallif  with  a 
knife,  the  cut  produces  no  pain  worth  mentioning  even  though  the  ivound 
be  a  de«p  one.  But  let  him  know  bef(^^(>hand  that  a  ('light  operation,  lie  il 
nothing  more  thiin  a  prick  of  the  finger  for  n  blood  c<iunl.  is  to  be  performed 
on  him.  and  it  may  cause  him  real  agony.  Fn>m  this  it  follows  that  the 
imagination  of  pain  increases  its  inteasity  very  greatly. 

By  direrting  the  attention  Ttry  tntenl1.v  to  a  certain  part  of  the  body,  a  per- 
son may  eTnkc  creeping  SrPnsatintis,  wni-ations  of  ti>nsinn.  pr««turc,  etc.,  due  to 
the  dilatation  of  the  arteries  with  the  cardiac  systole,  to  pressure  of  the  ototbvs, 
etc.,  which  otherwise  he  would  not  be  comscious  of  at  all,  and  by  euntinued  atten- 
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tioR  to  thorn  they  KraJually  beconie  more  and  mare  unplcBsaiit  and.  finally.  actn-J 
nlly  pninftil. 

In  discflscs  iitvompAnied  b.v  pain,  the  pfiin  is  oftni  moro  st-vt-re  «t  riif;ht  than 
duriiiK  ihe  tliiy.  Thi*  in  prtibulily  <]iil'  tu  \\w  fac-l  tljiit  in  iIih  diiytiiiif  uur  nUa'ii- 
tion  is  distractwl  Iiy  innriy  tbiuBB  outside  ourselves,  and  i*  not  directed  00  exclu* 
siTcIy  to  the  biidy. 

By  purpcis<>]y  BxiiiK  one':*  (iltciition  on  a  ilcfinili^  iil>ji>rt  or  idoa  it  in  pofwible 
In  supprcM  not  only  tlit-  expresHion  of  pain,  bill  tci  a  laniro  pxl#iit  tlip  p«iiv  itself. 
The  foJlowiug  story  of  Immnnuel  Kont  is  niueli  to  tlie  point.  Kant  Ruffered 
from  timtr  to  tiuio  witli  allacka  uf  irnut  whifli.  a»  iimny  kunw.  may  be  very 
pniiifiil.  "  (>ut  (if  piiti<=nrr  at  fccliiiK  m.v^tclf  rlejirivfd  «f  rflrpp,"  bn  writes.  "I 
«(inn  seized  upnii  the  stoictal  expedient  of  fixing  my  tbouRht  intently  on  some 
chain'i''  ohjpct,  wlintever  it  miRhl  he  (*>.«-.  ""  ''t*  mniiy  idcii.'  DSHnrintfil  with 
Ihi-  namo  i>f  C'iciTo),  anil  of  <'iin»e<iUL'ntly  div^Ttinji  my  Httt-nttcm  from  all  sen- 
sation-". In  this  way  thp  si>n»Btion  sperdily  became  blunted,  so  that  Iho  natural 
tendi'iiry  to  slt^p  uvfreanic  tlieiii.  And  tliiti  I  wmld  ri'iii-nt  witli  (-qually  coimI 
results  each  time  in  the  little  iiifermptinns  in  my  nipht'f*  rest  oceasiorMxi  by 
rt-currinK  uHat-k*.  But  in  the  morning  the  uliiny  redness  of  the  loea  of  my  left 
font  wfti»  ftitfficieiitl.v  ennvineing  to  myself  th«t  tbesie  NensatioiiD  liml  nol  W»*n 
purely  futicifuU" 

Although  nil  men  have  not  the  Hanie  will  power  an  Kant  Iiad,  we  may  never- 
theles)^  learn  from  hii>  example  that  it  is  poMsible  aciimlly  to  i^iippntiH  pain  to  a 
certain  extent,  just  as  it  is  possible  for  ns  to  nernsiom  ourselves  to  hear  a  nec«fl- 
snry  pain  without  Hounding  it  abroad  with  loud  wailinR-i. 

The  exprw^ion  of  pain,  therefore,  is  not  to  he  iieeepted  o»  u  mensure  o{  Ha 
intensity.  A  stronR-wiUed  person  may  feel  very  severe  pain  without  wincing, 
while  another  may  rry  out  at  a  pin  prielc  On  the  other  hand,  we  must  not 
foritel  the  exjieriem'*  oft  eonfirmed  in  animals  aa  well  as  in  men  that  )ten»itiv«- 
ne«»  to  pain  is  ver>-  diflerent  in  different  individuaU,  And  since  nobody  can 
tell  with  eertainty  how  stmnu  ■'»>  the  pain  which  utiothcr  feels,  wc  oufibt  not  t« 
withhold  cur  sympathy  frtim  others  when  they  give  expression  to  pain.  ^j 

It  is  rery  diffinilt  tr>  decide  Just  wherein  lies  the  rtal  phystnlogieal  canst^^ 
of  pain.     Siiiri'  wp  know  Ihat  the  pain  aroiisetl  by  any  adequate  stimnlus  has 
tin  altogether  dilTerent  character  in  diiTerent  parts  of  the  bmly — as.  e.  g.,  Ihtwso  ^i 
ftroiiK<>d  hy  a  hi^h  temperntuTe  differ  from  th^se  aroused  bv  n  low  temp<>rature,  ^| 
tL»  Ihe  pain  of  muficle  enimpB  h  of  a  different  kind  from  that  of  hiph  prrsAare  ^^ 
inside  the  eye.  aud  the  pninc  occurring  in  inflnmnuitnry  procei^ses  differ  aceonl- 
ing  to  the  organ  inflamed — the  aBnumption  is  imdnubledly  suggested  that  pain 
is  produced  hy  an  exeejjj^ivo  exoitfttinn  nf  tin*  ordinary  afferrnt  noiT<?8  from. 
different  parts  of  the  body. 

The  fact  that  in  certain  diiwasea  of  the  nervous  system  the  seiiBations  of  pain 
ore  lottt  while  the  ordinary  rnetile  scnsntion«  do  not  suffer  any  eonsiderabtf) 
iliminution.  does  not  militate  against  this  hypothesin.  One  miftht  readily  im- 
nifine  that  the  mnximnni  exeitatiun  nee4'»!4Hr>'  for  Ibe  pnidiii'tion  of  pain  were 
not  reached,  althouHh  the  threshold  stimulus  remained  approximately  the  anme; 
and  this  supposition  eoiild  Im'  brought  into  line  with  Schiff'a  olMiervation  that 
flection  nf  the  gray  matter  of  the  spinal  cord  abolishes  sensations  of  pain  with- 
out aflcctinir  the  tactile  senttalionx. 

Prnceedirg  from  this  ohservalion  it  has  repeflte<lly  heen  oonje^liireil  that] 
iful  iniprcBiiionB  are  conducted   throi]<'h   the  irrny  iiiatier,  and   that    thftj 
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sensations  of  paia  arc  arou5(.-d  by  a  surt  of  summation  taking  placo  iu  ttiv 
L-L'3U  of  the  gruv  matter,  and  there  i>i  any  numl>or  of  ohserTntions  at  hand 
whifh  shriw  that  tactile  stirmili.  of  ihomi^elves  wholly  painlnsi!",  produce  spvere 
pain  if  ririH-iitwl  fn-ipicntly  i-noii^'ti.  Likewise  the  irradiation  of  pnJn.  as 
well  as  t\w  occurrenot*  in  piitholoj^ical  p]i>ccwi«s  of  many  aere»«ory  RensationB 
of  a  painful  cliaracttfr,  ap|i«ar  tn  ^ipoiik  for  the  partieipation  of  the  gray 
matter. 

While  these  ami  other  observalions^  can  he  explained  on  the  pround  that 
the  sensory  culnncoiis  nerves  already  disensjicd  mr<]iate  the  .-ienaations  of  pain, 
Ihey  do  not,  howuver,  constitute  ponilive  prowf  of  Ihat  prti[wiMilion.  Let  ua 
eye  what  we  may  learn  from  investigation  of  the  dilTorcnt  wiiw  poinlj*  of 
Ihc  Kkin. 

There  prevails  among  atilliors  who  have  hut^ied  themselves  with  thi»  ques- 
lion  a  mfvit  ^fralifying  ngrernient  on  one  point,  namely,  thai  neillier  .otimula- 
tion  of  the  tcm|HTiiture  points  hy  their  npprnpriale  Ktiinnli  nor  nieehanically 
(by  a  iiwdle  thrust  J  pruduees  any  paiji  ((Joldaehi*Hler  ct  a!.).  Likewieo  when 
B  hent  spilt  is  tested  tt'ith  very  warm  water,  it  gives  a  burning  hot  sen.aation 
hut  no  |min.  The  lient  poin  might  be  reganled  therefore  a^  a  separate  eeii^- 
lion  of  pain  miTely  eolnred  by  the  excitation  of  the  heat  nerves.  unle*»  w« 
iupjioBt'  lluit  tlif  aiialgisia  of  the  heat  spots  h  due  to  ihe  fact  that  the  surface 
stimulated  is  ti»o  small ;  for  it  is  a  wetl-kn'jwn  fuel  that  the  fize  of  the  surface 
Btimulated  ia  a  very  important  factor  in  the  proilnction  of  pain, 

Blix  demonstrated  that  on  many  parte  of  the  bndy  a  ncodic  can  bn  thrust 
deep  into  the  skin  without  producing  any  jtain.  Thy  nerves  whii'li  mwiialc 
pain  therefore  do  not  ocnir  everywhere  in  the  skin.  Xeither  Blix  nor  Ciold- 
H!hriidi-r  however  felt  im[«!llefl  to  a«*Hme  the  existence  of  ifpccini  nerves  of 
piiin  with  their  own  end  organ;*,  but  eonceived  that  itenr^atinns  of  pain  have 
their  origin  in  excitation  of  pressure  nervct.  v.  Frey.  on  the  other  hand, 
entered  the  Ihts  for  special  pain  ncrvct!  and  adduectl  tlio  following  weighty 
reason.*,  among  others,  for  Iheir  existence. 

(1)  By  observiiiK  certain  preeautinna,  mechanical  etimutalion  of  the  skin 
with  a  ItriRtle  pnaiuers  a  purp  M^iutation  of  pain  without  any  preliminarT  or 
accompanying'  «>nsation  of  prcsfiurc.  (It  will  be  readily  understood  that  the 
]>aiti  KpotM  ciiiniiit  be  «liitiulnl>-<l  i>liikI>'  by  [i)<-*-hHiii('fll  iih-iiuh  whi'o  thi*y  lie  in 
the  immediate  neiRhborhcrcid  of  prcs«ure  points.) 

(3)  If  u  brii^tle  U  placed  over  a  pressure  point,  the  sensation  appearfi  imme- 
diately, but  at  onoe  fades  awny  Afrnin  nnri  URually  brromr>«  nnnntit^'ablc  nfltr  a 
short  time.  Ov«r  (lie  pniii  iHiint  the  cfTfvt  appears  later,  {tradually  inoren.V!*  in 
^IreiiKth  and  decreaees  ajiHin  after  n-achinB  a  maximum.  If  the  HeiiHiitiun  ifl 
still  present  after  ihc  «timulu!i  hat  ccu>'c<1,  it  disappears  slowly.  Intimately  cun- 
n«^led  with  thin  heharior  is  the  fact  thai  rapidly  repeated  electrical  or  mcchani- 
cnl  stimuli  (from  five  per  Knx>nd  upwanl)  applied  to  th>c  pain  point  fnne  as  a 
rule  into  «  f^intiiumtiR  unnsntinn,  whereas  thrnuKh  the  ppM«iire  point  wc  can 
distioffuish  vcr>'  well  ISO  shi>cki>  per  ifccond  fpape  1*12). 

(3)  When  the  head  of  a  piti  id  pre^ncit  for  a  moment  into  the  fikin.  there 
follows  very  often  after  the  Rensatinn  of  prp«««re  and  Rcpnrated  from  it  by  a 
short  interrnl,  a  second  censation  which  h  painful.  Only  pain  points  in  the 
neiirhborhood  of  prrs»urp  jtoints  exhibit  ihis  iihenomeuon.  On  iaolaled  pressure 
points  the  painful  after-effect  is  wanting,  and  un  isolated  i»ain  points  the  sen- 
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eatioii  of  pressure  avcompaoying  the  «timulu«  fnils,  while  the  painful  after-«ffecl 

appears  very  vividly. 

With  regard  !o  the  topographical  distnbntton  of  the  pain  spots  wc  Icsm 
from  V.  Frcj  and  others  that  on  the  hack  of  the  hand  over  the  metacarpus 
of  the  ring  tiuger  lli  pain  points,  as  againt^t  2  pre&surc  points,  can  he  Jernon- 
gtrated  within  12.5  sq.  mm. — i.  e.,  1.3  pain  points  to  the  square  millimeter. 

From  reasoning  which  we  n«3(l  Jiot  eiiitT  into  here  v.  Frey  has  reached 
the  following  conclusions  with  regard  to  the  anatomical  ulructures  which  may 
poasibly  serve  na  the  end  organs  of  the  different  cutanpouji  nervefi: 

(1)  Amc-Df^  the  u-ell-known  sensoiy  nerve  endings  on  partx  devoid  of  hair 
there  ie  only  mtv  form  which  occurs  tu  fiutHuieut  number  to  fuldll  the  rcquire- 
mcnU)  of  an  end  organ  of  the  presstirL'  points,  namely,  the  tactile  corpu9cte$  of 
MeisMtner.  Arcnrding'  to  thia  discovtrer  there  art — e,  g..  over  the  metacarpns 
of  the  little  fingtT  in  1  s<j.  mm.  one  tu  two  of  thc^e  rorpusclcs — which  agreca  well 
with  Ihe  number  of  pressure  points  in  the  same  place. 

(2)  Thrae  corpuscles  however  are  quite  exclusively  confined  to  the  parts 
devoid  of  hair.  AtLotumiiTal  investigntions  have  brought  to  light  the  presence 
of  a  wreath  of  nfrve  fiherR  rneircling  the  hnir  follicles  down  close  nndpr  the 
opening  of  the  aebnecous  glands,  their  terminal  procesiies  penetrating  the  walls 
of  the  follicle  as  far  as  Ihfi  glnssy  layer.  This  wreath  of  nerve  fibers  which 
orciir*  with  Ihe  jrrcfltest  regulHrity  in  eve^;^■  bair  follicle  may  be  the  end  orsan 
of  the  pr»"(sure  points  associated  with  the  haira. 

(Si  The  sensation  of  pain  ia  probably  aroused  by  stimulation  of  some  meeh- 
anism  lying  iitarer  the  surface.  Since  only  free  intraepithelial  nerve  endings 
are  fnimd  oxicmal  to  the  tnctil*'  eorpuftcW.  we  may  look  upon  thew  as  the  or^na 
of  the  (superficial)  sensations  of  pnin  in  the  skin. 

C4)  Finally,  v,  Frey  and  Tliunberu.  the  latter  by  careful  analysia  of  tlio 
different  iilienomena  attending  stimulation  with  heat,  have  made  it  pmbahle  that 
the  cnrl  organs  of  the  heat  nerves  He  deeper  than  those  of  the  cold  nerves,  also 
that  the  latter  lie  deeper  than  the  end  organs  of  the  pain  nerves. 

REFERKsrEfi.— .V.  Q.  Hlix,  Zeitschrift  fiir  Biologie.  Bd.  xx,  xxi.  1S84,  1885. — 
3f,  r.  Frty.  Abhandl.  d.  mathcm.-ph>*3.  CI.  dcr  konigl.  sachs,  Ge.'*.  d.  Wis*..  Bd. 
xxiii.  No.  a,  ISOti. — A.  Oaldafheider.  Archiv  fiir  Anal,  und  Physiol..  phfAiol. 
Abt,,  1885,  suppl.  Bd.— -4.  QotdachtuifT,  "  ITeber  den  Schmera."  Berlin.   1884, 
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CHAPTER    XVIII 


OROAXIC    BBN8AT10XS 


We  indnde  as  or^artK  nenaatwnji  all  thos<>  senaations  nroused  imlppondcntly 
uf  oxlemal  stimuli  by  internal  proeeuscK  gawg  on  in  the  varioui^  peripheral 
organs.  Seneatinna  excited  from  the  iea»e  organs  normally  by  external  agen- 
cies or  abnormally  by  pothological  processes  evidently  do  not  belong  in  this 
category. 

Among  the  sensations  thus  defined  we  may  mention  first  those  which  con- 
stitute the  wurce  of  our  general  bodilv  feelings  (page  452).  But  analysis  of 
this  class  of  gensatiorts  has  not  progressed  far  enough  as  yet  to  entitle  them 
to  further  confiideralion  her<*.  We  shftuM  mention  also  certain  occasional 
iM>nsalions  of  pain  arising  within  the  internal  organit  concerning  the  exact 
cau^'  of  which  nothing  positive  is  yet  knovrn. 

The  only  organic  sensations  thus  far  studied  critically  arc  Ihow  hy  which 
we  form  ideas  of  the  positwn  of  our  bodies  and  their  parts  (head,  trunk  and 
extremities)  in  spncc,  and  those  by  which  we  are  made  aware  of  the  extent, 
intent^ily  and  dinvlion  of  our  movrmenls.  Thcwc  sensations  play  a  consider- 
able part  in  the  rHgulalion  of  our  movfment-f  and  lK*vdeH  are  very  important 
in  the  psychological  elalK>ra1ion  of  our  sense  imjiresjiiond  (even  of  those  which 
arise  through  external  agencies),  allhinigh  they  appi'ar  as  a  rule  to  be  indis- 
tinct and  indefinite  in  comparison  with  the  laj^t  named. 

The  two  groups  of  organic  seni»ations  ju«t  mentioned  are  not.  howcrer, 
everywhere  sharply  distinct  from  one  another.  The  impulses  hy  which  wc 
are  made  aware  of  our  bodily  niovcnients.  their  direction  and  intensity,  merge 
into  the  loRs  distinct  nffercnt  inipul.ses  hy  which  wc  form  ideas  concerning 
the  orientation  of  our  bo<lies.  The  anatomical  Bubstratum  of  our  motor  srnsa- 
tions  and  of  our  srnte  of  position  is  fumivhed  in  part  by  the  sensory*  ner^-o 
endings  of  the  muscles,  tendons,  joints,  skin  and  in  part  by  those  of  certain 
portions  of  the  inner  ear  (semicircular  canals  and  otolith  sacs). 
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g  1.    UOTOR   SENSATIONS 

Even  with  the  eyes  closed  we  hare  a  very  definite  idea  of  the  position  of 
our  limbs.  If.  for  example,  one  arm  be  passirely  placed  In  a  certain  position, 
the  person  can  with  his  eyes  closed  place  the  other  arm  in  exactly  the  same 
position.  Likewise  a  penon  has  a  perfectly  precise  idea  with  respect  both  to 
direction  and  speetl  of  the  changes  in  the  position  of  his  limb?.  Finally,  one 
can  estimate  weights  very  accurately  hy  lifting  them. 

These  and  other  similar  aensations  are  described  hy  different  authors  hy 
different  names,  such  as  motor  Sfntatiom.  muscuiar  sense,  s*nsf  of  force,  etc. 
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This  ilifffrciict'  ill  tertniiMilogy  alone  is  evident*  that  vicwn  differ  greatlf  aftj 
to  the  rfial  causa  of  lhe»c  sciTKAtifitis.  AccordieiR  to  ei>me  authiin<..  lik^  Ch.  Belt 
and  E.  H.  WcIht,  iht-y  iin-  pruiiuivd  b,v  (.'xcitutioii  of  tlie  sensory  nerves  to  the 
musrles:  othera,  tike  Lntze  find  Srhiff,  [■imri'ivc  thai  thoy  art'  iivukoil  by  tlie 
difforent  foldings  of  the  »kiti  iiicidcntnl  to  different  poBitions;  eccording  la 
Bernhardt  the  sensory  nerves  of  the  skin,  of  the  fimctss  and  of  the  periosteum 
BS  widt  UK  thL-  nvrvv  trunks  running  thrmitili  thv  iuueok-6  occasion  niusoiilar  sen- 
Bation!^;  fj-whiflky  swks  ihrir  eaurw  in  iIip  pxcitBlimi  cf  iKu  nerve*  of  the  joioia 
ftnd  bonc«:  and  many  authors  tike  Ix^ydcn.  Moynert.  Xiithnapel  and  nthpps  nasumc 
that  several  differi-nt  kinds  nf  afferent  nerve*  hiivi-  n  slinre  in  thoir  production. 

As  for  lifting  an  object  with  the  hand,  in  a  great  majority  of  cases  ve 
send  nn  impulsp  to  the  musclw  which  is  exactly  united  to  tht*  pnrpns*^,  heinR 
noithcr  loo  wi^ak  nor  too  ftronj;.  Tlmi  is.  if  the  otijoct  is  a  familiar  i>iio,  wc 
can  adjnut  (lie  voluntarv  imiiulse  very  exactly  to  the  work  to  t>o  performed. 
From  this  the  rniiclusion  hns  been  drntt'n  Ihnt  tlic  ffelhif  of  effort  is  the 
all-importajit  thing  in  the  perception  of  active  movements  (J.  Miiller.  Wundt).  ^^ 

As  a  mattpr  of  fact  it  is  pas>'  to  show  that  we  do  niMoc'iatc  iramedintely  vritli  ^^ 
■'Toluntflry  impular  an  idr-n  of  the  movement  aa  if  it  were  alrendy  performrd. 
sns  who  have  suffered  ampulation  of  a  leg  assert  very  positively  that  wh<-n 
tlicy  will  to  IteTid  the  loBt  part  they  experience  a  diatinet  feeling  that  muscles 
are  heinK  contracled. 

But  the  iH>nlral  feeling  of  clFort,  however  important  it  may  be,  i»  not  the 
only  determining  factor.  The  mere  development  of  our  abilit)'  to  adapt  the 
necessary  nnWor  impuitws  to  the  lifting  of  *lifferent  obj«Tts.  involvM  the  con- 
stant participalion  of  alferent  impidst';*  wKieh  keep  us  informod  of  the  riwnlta 
of  (he  impuliiei!!  wnl  out.  It  can  be  nhown  also  witliont  difficulty  that  the 
result  of  a  voluntary  impulse  ia  usually  eontrollwl  hy  nlTerent  impulses.  Thus, 
if  wc  rniBJudgo  the  weight  of  an  ohjeel — v.  p..  overestimate  it-^we  give  too 
Htrong  an  impulse,  as  a  consequenrc  of  which  the  object  is  lifted  r«msidoral>Iv 
higher  than  we  intended  it  should  hu  and  we  are  immiHliatcty  awaro  of  the 
fact  even  without  the  u*e  of  our  eyes.  Similarly  we  are  aware  of  the  fact, 
if  the  impidse  is  too  weak.  Naturally  if  these  afferent  impulses  participate 
in  hriujiitig  alxiul  active  mnvemenls.  tlier  must  be  the  more  neccs.sary  ftir 
making  UB  aware  of  passive  mnvcmi^t.*. 

Ijet  us  see  what  are  the  afferent  nerve.^  mediating  motor  spnuations.  Ana- 
tomical proof  of  the  prewDce  of  iiffrrcnl  imtsntUir  nrrves  has  been  furnishod 
by  Heiehert,  Kiillikcr,  Odfmiup  and  others.  We  know  too  from  the  perfe^tlv 
definite  sensation*  of  fatigue  as  well  as  from  the  pains  of  niiipcle  crainp^  that 
these  nerves  arc  unque-ttionably  alile  to  mediate  conscious  sensations.  Ther- 
nlso  give  rise  to  reflexes,  among  which  those  pmducing  vasodilatation  and 
those  involving  the  skeletal  muacleit  a*  answering  nrgans  are  the  most  impor- 
tant (Tengwall).  It  seems  probable  therefore  that  these  nonres  do  plav  a 
prominent  part  in  the  motor  seiisatione. 

In  the  case  of  the  eye  muwjlea  the  afferent  nerves  are  of  proat  Sraport&nce. 
We  »hall  see  later  (Ohaplpr  XXI)  that  we  have  a  very  delicate  appreciation  of 
the  sHirhtrat  pontractinn  nf  the  eye  muscles.  This  conld  only  be  true,  if  aScr^nl 
nerves  from  the  muscles  or  their  tendons  were  pres^'nt. 
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Lihowise  the  thyronrytonoid  muftcK  trhoM;  6m*l7'  graduated  coutracliooa  dc- 
tcmiine  the  pitch  rif  the  vocal  lottcs,  uppeani  to  (weaes-!  a  vtry  dt-licate  muscular 
fcfliiig  produced  by  the  afferent  nerves;  there  is,  howcTcr,  no  feeling  of  move- 
nieiit  connected  with  thi*. 

AccoHing  tf>  the  view  which  Ooldscheider  in  jwriiculnr  Ims  worked  out, 

the  mo^l  tiiifwHanl  nifrves  fur  ihu  iK^n-tiptioii  nf  |)nhciv['  iiiovorueiitii  are  the 
afferent  nervci'  of  thf  juints.  The*  sciinati*ui!!  of  prt*>»iin'  and  tension  in  the 
Koft  pflrt.4  of  the  limlis  not  only  do  not  produci'  (he  sen^alion  ^if  ninvetnent, 
lhe_v  evon  interfere  with  it.  Ajroin.  since  the  threshold  value  of  the  sensation 
— i.e..  the  emalle«>t  pawivp  movement  vrhtrh  one  can  jwrceive — id  not  inftu- 
enptnl  in  any  way  hy  the  dc;rrt'i'  of  contrat-tton  nf  tlif  iiiuwit*  when  the  pai^ive 
movement  begins,  eooperalioii  of  [he  rriUH.*iilnr  wii'tibilily  a*  a  factor  ap[>o«rs 
lo  Ik'  oxclud&rt.  Kinally  the  dijitancc  descrihed  by  the  moving  force  Iware  tio 
relation  to  the  aiiimmt  of  sieiisation  which  one  exp«n«nt'e!i :  the  determining 
factor  u  the  amount  of  rotation  at  the  joint. 

T<ewinski  made  aome  experiments  on  alaxie  pntients  (cf.  pajte  *72)  by  mov- 
iuK  ibi'ir  liinbt)  very  ijowly  mid  very  sdifihtly  at  the  ankle,  ktive  and  hip  juints, 
part  fif  the  timo  pressing  thi>  [inrta  tonrt'thcr  at  the  joint,  jiart  of  the  time  not. 
Wht-n  the  parts  were  llni?»  iin:-**cd  ilic  patients  alwajt*  pcrecired  the  movement 
very  exactly,  when  not  they  cnuld  form  no  idpa  of  the  motion. 

The  perception  of  ncftrp  movement*  likewise  results  fi^m  the  mtatinn  of 
the  jointn.  To  this  are  to  be  added,  however,  a*  con trihii ting  factors  the 
eenaationrt  eouneeled  with  the  tension  of  the  tendons  and  their  ppiphys«t. 
pomihly  hLi'o  the  HctiHationn  nmui^ed  through  the  Kctit^ry  nervex  of  the  muH- 
cles.  These  liiensationc  concern  not  merely  the  tendon?i,  etc..  of  the  active 
inii.'wles.  but  also  their  nntagoni.-'ts.  In  a  pasnive  movement  the  tendona  simply 
follow  the  pull ;  gome  are  stretched,  others  arc  only  under  the  tonic  r&si^tance 
of  their  ott-n  muscles. 

In  active  inovenientj;.  eiipeciftlly  if  the  joint  to  he  moved  is  loaded,  ire 
•I«o  experience  *ien*fition«  of  weight  and  of  reaivUinre.  The  nervet*  of  the 
joinia  and  of  the  tendon*  arc  again  of  the  first  irri[tortBncc.  (he  pre^wure  na 
the  surface  of  the  joint*  and  the  tension  of  the  tcQdoa;^  varying  according  to 
tho  rosiataneo  or  the  weight. 

Jncobi  has  called  attention  to  «t!ll  another  circumRtanco  to  which  he  aaeribn 
gn-Ht  im|M)r1»nce  in  the  lU'fermiiiaticjn  uf  the  kiw  of  a  weight,  namely,  the  com- 
piiriaon  of  the  amount  of  nerve  force  em|jl'>y«l  with  the  latent  period  of  the 
movement — i.  e.,  the  time  which  olapite^  between  the  act  of  volition  and  the  incep- 
tion of  the  movement.  The  lalent  jieriod,  in  his  opinion,  depends  upon  the 
amount  nf  nerve  force  employed,  and  with  the  same  amount  of  nerve  foree  is 
prop^^rtional  to  tho  size  of  the  weight. 

The  svnsory  ntrvev  of  the  skin  appear  commonly  to  lie  of  hut  Might  tm- 
portanec  in  any  kind  of  motor  sensations.  The  M^nsation  of  weight  remains 
unchanged  after  the  skin  U  rendered  insonstiire  to  loiich.  .And  vot  culaneon? 
•enntinns  appear  to  eoatribute  something  to  the  {|uaiiiitative  refinemem  nf 
«  sensation  of  resiiitAnce  aa  well  s»  to  the  localization  of  the  sensation  and 
m  to  the  formation  of  a  clearer  total  impression  (Goldschcidcr  and  Hlecher). 

at 
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lu  t\w  caW  of  ttie  face  muAchs  and  the  levator  palpehrfv  superiorU  diatinrt 

BcnsatioDB   whi<;b  tafonn   us  of   tbc  diKpluoeineuts  eutTered   by  the  soft    parts 
accumpauy  tbe  L-oDtraclious  (GoldscLcider). 


M 


The  sensations  wliich  make  us;  awnre  of  the  position  vf  the  extremiiit 
have  their  origin  in  the  akin,  tcndoiia,  and  prohablv  the  joints.    By  conihinK- 
tion  with  opticnl  memory  pictuTPs  iVicy  ^re  us  our  \Aeti  nf  position.     Rensi^J 
bilit}r  of  the  miiHcOtv  appc-nrs  to  hiLve  liLtlu  to  do  with  the  pcrceptioD   o^H 
position  in  the  chj*  uf  the  extremitie*i,  but  in  the  ease  of  the  eye  muscles  it 
plays  a  verj-  important  port. 
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§2.    PHYSIOLOGICAL  SIGHIFICAliCE  OF  THE  MOTOR  SENSATIOWS 


Taken  in  their  hmndest  sense,  the  motor  spnsalions  are  of  very  f^rcat  im' 
portnncf  for  thi!  reguinthni   nf  nil   Imdily    iiiovciiients.      Whenever  any    pari 
of  the  l)(Miy  suffere  Ivva  of  the  motor  eeiiBations  or  a  decliue  in  their  intensity 
and  ttnentsA.  that  part  of  the  Inxly  cvhibits  disturhnnceit  in  the  coordination 
of  it«  movements.    In  this  wiiy  ure  hronglit  iibont  those  pntlinln^ical  {iymploi 
which  are  described  ns  ntuj-ia  audi  which  are  defined  in  brief  as  a  disturban 
in  the  harnionioiiii  and  purpoi^efiil  eoiipemlinn  of  the  mum;lcs. 

OiM-  (if  the  mosr  freciueiit  forniH  M  utfixiH  arijiiTig  from  lesion  of  nfferf-n 
pathways  is  li >(*rinii itor  ataxia  »K-ciirvin(f  in  luhfa  JoraalU.  It  i«  charaeU-rizi-d  1 
the  petrulinr  way  in  wliicli  the  legu  arc  Hwun(c  and  the  ft^t  jilaiited  in  watk- 
iiiK.  Inslfud  of  the  filinhtly  flexed  pontlion  of  thn  normal  leg  as  it  i»  swunc 
forwanf.  thr  knee  ia  DXtcndiMl,  sometiinca  fxcpssivcly.  and  the  leg  i«  Ihnist  fo 
ward,  the  heel  hcinR  i)1kii(ciI  dm  tin-  Knnind  wilb  a  siiddrn  stamp.  At  ihf  <utin<* 
time  th<^  Ipjc*  t''  kept  far  apart,  the  tnink  nwaya  buck  and  forth,  mid  thi;  body 
i»  in  m«>m<*«tar>-  danfTcr  uf  EuwiuK  iu  I'quilibriuin. 

Coordination  of  the  niuHclrai  ht-'mtt  nvvpssBTy  to  hold  the  body  erect  no  leea 
than  to  carry  out  uiuvi-ini--nlH  nf  ihe  limbs.  ntfl:iin  i-t  at  llmea  nolirpable  in  ntand- 
ing.     Thus  ataxic  persons  are  inrlined  to  pincc  the  legs  far  apurl   in  order  to 
increase  the  area  of  support.    Tf  tlu-  ftfi  are  pJm-i-il  iAi*m-  Ir>B'ftbpr  the  body  aw 
or  may  fall,  e»p»^t'iaUy  if  Iht'  i'>f*  be  at  lh<?  "ame  tiinu  cbwu-d  >«»  at*  to  ahiil 
control  by  visual  impFe&sieiis  (Leyden  and  Ooldwheider). 


ind- 
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There  are  many  clinicnl  obnervatinns  to  support  this  degH^ndence  of  exact 
movementji  U|H»n  rlilTerent  impulses,  and  they  are  eonfirmed  in  the  most  hoau- 
lifwl  way  by  eipcriment»i  on  animals. 

Thus,  after  iwctioti  of  the  afferent  itKitu  -which  tiupply  one  hind  le^;,   a   dogf 
is  unable  to  run  on  the  ataxic  Ick  when  the  sound  leK  is  tied  up  (Hering.  Jr.)., 
When  the  sfTcrent  rootti  to  both  hind  \cg»  are  cut.  n  doK  h  utterly  unable  ta 
walk,  and  eiui  oidy  piiU  himself  abmi;  on  the  ulalomfn  by  mriinM  of  the  fore  I<>(r3» 
the  hind  part.t  drairp-inf;.    Clradunlly.  hnwrrer.  the  Ang  can  team  to  walk  ngai 
and  at  the  end  of  three  to  four  weeks  but  few  aifn^s  of  the  original  disturhau 
are  left  (Biclcfl).    Tbt-re  \»  therefore  a  mcaiiii  of  rnmperieatiog  tbe  Io»»  of  t 
afferent  impul.M?H. 

J.  K.  Kwald  nbw-rved  that  in  cafes  of  lbi«  kind  the  animal  could  call  ijiio 
play  certain  aid*  not  previously  iisfii  for  rfgiilntion  i>f  hi"  inovifrnpiits,  and  in 
fact  T^iek<^!  obi^n-t.-d  that  a  dog  wbirb  has  rpcnvered  the  line  of  hi«  lefts  after 
an  operation,  exhibits  aKnin  the  original  symptoms  when  he  is  taken  imo  a 
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room;  from  which  U  dpfwors  thai  tht  opt'u^al  apparatua  conatitnt««  the  com- 
|ie»sMtii]g  uiediuni.  II.  Munk  fminil  uii  uuinkej-H  llial  after  Hectiuu  of  all  ibo 
norves  to  one  anterior  exlrt-niiiy,  Ihc  insensitive  arm  could  Im-  extended  for  food 
on  the  sanip  day  of  iho  operation,  hot  the  hand  could  not  be  uiovod,  Uurint;  the 
fntlowiiiB  days  tlie  iiunib-r  and  exl«>iit  of  iso]«trd  iiioveinent8  stcfldily  increased 
<inoic  raiiidl,T  bo  wilh  pnn-rjec).  and  In  a  few  diiyu  llie  anininl  could  oRTiin  grasp 
bits  of  food  uiid  eonvey  thorn  to  its  mouth.  After  Rome  ni<jnlhs  the  arm  was 
used  for  almost  all  isolated  acts,  hut  contiiiuod  to  be  more  impulHive  and  cum- 
brous in  its  movenienla  lh«n  the  normal  arm,  whieb  as  time  went  on  came  to 
be  Uiied  first  on  mt>«t  occasiona.  The  sit^ocinK^  movementii  of  the  arm  in 
walkirijr.  juiupina.  climbiiiK,  etc..  howerer.  were  entirely,  or  almost  entirely 
obliterated;  at  sll  events  they  were  no  louKer  used  to  any  advanUtffc. 

We  mav  sum  up  bv  waviuft  tlint  the  mwwapcs  ronrevwl  by  fho  afferent  fibere 
lo  ihe  reiitnil  or^'HiiH  an>  nf  great  impnrtBDCc  not  nnly  for  the  coonlination 
of  inovemcnUt  luit  for  the  movoment)*  thomwlves,  atid  that  this  depends  pri- 
innrily  on  the  fact  that  it  is  through  thej*  mejwagcs  (hat  the  individual  Inarns 
to  what  extent  the  intended  mnvemPnt  was  carriiil  out  or  failH  tn  he  carried 
out.  The  nerves  of  the  nrjfan  itself  aTX"  th<'  rmes  mnsl  directly  eon<^cnied, 
hui  they  can  he  n'plaettd  In  a  ^renter  or  !e*is  extent  by  other  nerves — a?,  e.g., 
Ihe  optic.  lATieu  this  comiiensution  also  fails  the  motor  disturbance  i«  greater 
than  ever  and  il  is  cftntM'ivahlc  at  Icftat  that  if  nit  afferent  impulses  were 
completely  iuhibitcd,  purpoLseful  motor  functiouH  wuuld  no  longer  be  postjible. 

g  3.    THE    SEMICIRCITLAR    CANALS   AITD   OTOLITH   SACS 
OF   THE   INNER   EAR 

PhjTiinlogioal  experiment  and  clinical  experience  both  seem  to  have  shown 
definitely  that  the  afferent  nerves  uf  the  sfmicircnlar  canals  and  otoHlh  sacs 
in  the  internal  ear  convey  impulses  to  the  norvc  centers,  which  have  much  to 
do  with  the  |H!rceplion  of  position  or  changes  in  the  position  of  the  head  U 
well  as  with  other  proecsse*  of  orientation,  etc. 

We  shall  inveslignte  the^c  phenomena  without  for  the  present  raising  the 
question  of  liovi'  far  the  impuUes  give  rise  to  conscious  sensations. 


A.    ANATOMICAL 

It  is  not  niir  intention  to  desTnlH'  the  internal  ear  fully  in  this  plaoc; 
shall  nnly  mention  lirieHy  Ihe  .■'tniettiral  relation»>  which  are  important  for 
our  present  purpnw.  The  internal  ear  can  \v;  divided  into  two  portions,  the 
cochlea  and  the  semicircular  ranaU.  together  with  the  snrnilujt  and  utricultut. 
These  two  divisions  have  as  a  matter  of  fact  entirely  different  functions. 

The  cochlea  unqiicsttionably  repreAcnls  the  end  organ  of  those  nerve  fibeni 
the  excitation  of  which  arouses  auditoi^  sensations,  particularly  thow  of  miisi- 
ciil  tone*.  This  is  ntpccinlly  well  homo  ont  hy  the  facts  of  comparative  anat- 
omy. In  fi.-shw  the  cochlea  is  represented  only  by  a  verv  small  knoblike 
appendage  to  ihe  sacrnle  called  the  /(ijcna.  In  frogs  and  toads  the-  cnchloo 
reaches  a  somewhat  higher  development  and  in  the  reptiles  a  regular  pro- 
gression of  siagcd  can  l>e  followed  from  the  turtles  and  Kuakeit  to  the  lizards 
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and  crocodilM.  In  the  last  named  for  the  first,  and  in  birds  the  mclilea 
becomes  curvwl  ami  slightly  Bpiral,  while  in  the  mammale  it  reaches  iU  highest 
dcvclo]>int'iit  liy  growing  out  into  Ji  Ii>ng  lulw  wliiih  descrilvcs  upon  ilsplf 
one  and  ono-lialf  to  four  spiral  tnrns. 

The  setriicirrular  cnTmU  are  arnirij^'d  iti  the  three  dimeimons  of  spacr. 
Inasinucli  as  Ihe  physiological  invet-ligalioiis  of  these  structures  relate  mainly 
to  the  pignon,  we  jihflll  desrrihe  th^em  for  this  animal  at  once,  following  the 
work  of  J.  K.  Ewald,  We  find  on  carh  side  of  tin-  iie»d  an  rxtrrnal,  an 
antfrwr  and  a  poskrior  canal  (Figs  184  and  185).  The  two  eiiteraal  canala 
lie  almost  exactly  in  Ihe  »nme  plane,  which  when  the  head  is  in  its  normal 
position  with  tlie  beak  slightly  lowerod,  is  approxiraalely  the  horizontal  plnnc 
(Fig.  384).  Tin.'  planes  of  the  posterior  canal  of  one  i-ide  and  the  anterior 
canal  of  the  nther  nrr  itlnin.>jt  exactly  parnlte!.  hnt  the  projection  of  each  is 
about  7  nirii.  dihiant  rnmi  the  olher  (Fig.  lS(i)  and  eneh  forms  an  angle  of 
about  45°  with  Iho  median  vertical  plane  of  Ihe  head.    This  relationship  being 
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Flo,    IM. — ^Thp  Mmicirculur  conak  of  the  pifCMn  \taA  b»T»  in  ntv.  tlltr  J.  H.  Rwald.     TJi«  twU 
A,  b  ttDil  e  *rr  jilncwl  in  tho  akiw  nl  l.hn  pynit,  ihn  akull  Siiirl  the  b<wk. 

true  for  both  pairs  (the  left  anterior  with  the  right  posterior,  and  the  right 
anterior  with  the  left  posterior),  it  follows  that  the  six  canals  together  mark 
out  three  I^lanes  whtdi  lie  in  the  three  dimensions  of  space. 

This  descriplion  applies  siriclly  only  to  the  middle  pi.rtion  of  each  canal, 
for  it*  ends  drviato  somewhat  fr/>m  the  courw-  tak«'n  by  the  middle. 

Eaeh  conni  beam  at  one  end  an  enlaTigemenl.  ibi-  ampvlfn,  whirh  enntaina 
in  its  crista  acuatica  the  nerve  cndinBa  of  the  canal.     The  ampullfc  of  the  two 
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canals  which  lie  in  the  Eaut*  plane  are  ho  urraiigvd  tliat  par(icle«  moving  in  the 

Kami-  (lirvctiou   iu  ihe  two  muve  toward  the  ampulla  of  oiw  and  away  from 

the  ampntta  <>f  the  nthpr. 

In  the  taetttlua  and  uiritului  likewise  AK  ncrre  ending  contnincd  in  tht! 

macvlir  acusUca, 

Thene  nerv«  endin^B  ronaiHt  of  ctdlti  with  hnirliko  priK'c-iwL'd,  which  iu  turn 

are  counecti'd  with  the  tenniiinl  filaments  of  the  eighth  cranial  nem>.     In  the 

Ampullin  thp  hairs  arc  bound  to- 
gether by  i>  wiihj'tamf  whirh  il 
prvhably  i^liniy  and  Relnlinnus  in 
life.  This  suhstaiiw.  howi'Vi.T.  doe» 
not  reach  down  to  the  epithelial 
anrfncc.  Init  is  separntfd  from  it 
by  a  email  apaoo  tilh-d  with  cndo- 
b'lDph,    throuffb   which    the   hairft 


Flo.  1SS. 


Fig.   184. 


rio.  18A. — RrhraiA  nhowinfc  th(r  rdatioiin  of  the  pliinr«  of  liic  ■emiciircul>r  nuutb  of  Ihe  pigeon 
to  (Hiph  utIiPT,  sftvr  J.  K.  KwiUd.  Tlie  (>|trn  sktitl  is  ih-mi  from  tMluod.  Thv  uilnior  canal 
liTM  in  lh<^  plane  A,  ihc  posterior  in  liip  plant  f,  and  llu*  trxlemaJ  in  lliv  pbuic  B. 

Fi«.  liMt.— i^lictiLa  8h(>«rinK  iho  diBtance  of  tho  pUiMS  of  the  anturior  and  posterior  oaaala 
(pruloiiKnl)  Imta  vmrrli  uther. 

pnijift  bcfon.*  cuterinp  the  slimy  material.  A  i*mall  solid  body,  the  ao-called 
ototHh,  rexla  upon  the  hairv  in  i-ach  of  ihc  matrnlir  ac^ttstirtc.  All  Tertebmtca 
fmm  the  bony  tiahes  up,  with  the  pxoei»tion  of  the  manunali),  hate  thr*e  otolith 
organs  on  raeh  side  (one  in  each  of  the  thn>«>  parlit:  ulricutu«,  oaovulus  aud 
luKi-na) ;  the  uinmitmlK  have  but  two,  since  in  them  the  la^fenu  is  absent,  bariuK 
been  deveIo[Mxl  into  the  nuditory  <^uchlea. 

TIh'W"  ihiw  (nr  two)  otolith  nrfrans  bear  to  each  other  the  same  spntial  rela- 
lioni*  as  the  *emioireular  cnnaU,  the  mnruta  utriruli  lying  in  th<^  planv  of  iHe 
ntemal  canal,  tht-  macula  sacculi  in  the  plane  of  iho  autonor.  and  the  axis  vf 
the  lagena  {whure  nueh  ran  Iw  made  out)  in  the  plane  of  the  posterior  canal. 

It  was  long  supposed  ihat  the  semicircular  canals  and  Ihc  car  sacs  wore 
called  into  play  in  the  ppreeption  of  noises — i.  c,  of  sounds  not  prndiiced  by 
rc^lar  periodic  vibrations — while  the  musical  ioufx  excited  Uie  nervous  end 


I 

■ 

I 


47S 


OHGAMC  SENSATIONS 


organs  of  the  cochlea.     Conclusire  pmofs   fr>r  this  ajiportiounicut    ot 
Bcou&tic  :<1imiilt  lo  two  kimU  of  li*riiiiniil  audilonr  apparatus.  hoWL-vcr,  wc 
Dol  fi>rlher)ming.     Insttiici,  it  liatt  lai-n  rihowii  hy  numprnut;  f'j[|H>rim<>ni.'^  thai 
tbu  Mfmicircular  caual»  and  the  &aiv  plav  a  very  important  part  iu  the  medii 
tiuQ  uf  our  Dvu^alioiu  of  position,  orientation,  and  th«  like. 

B.    EXPERIMEBTAL   SUPPRESSION   OF  THE  SEMICIRCULAR   CAHALS 

]n  1828  Kltiurens  piil)liBheil  a  pai»er  on  the  ftlu-iinmt'na  wliioli  follow  i1p-| 
Btniction  of  the  s<?micircular  canals  of  the  pigeiwi.     After  transootion  of  a 
canal  he  observed  peculiar  fiendulumlik'e  moermaUs  of  the  head  in  the  plane 
of  the  (>anBl  IranwiTted.    Thus,  if  the  horizontal  canal  were  the  one  opt^ratwl 
on,  thf  hea<\  w«,t  rolntcd  jnw**nntly  to  and  fro  in  the  horizonlnl  piano.     TIk^^oi 
ninvi>inent.t  ceased  after  a  time;  but  if  the  correspond! njr  f«nal  of  the  nther) 
ffide  were  i«ectioncd.  the  movementti  began  agtttn  with  still  grvator  intensity.! 
They  vawe  on   gndilenty.    if   tlie   animal    wai-  distiirlxnl    in   any    way.      Thcj 
pi^oon.t  (-onhl  no  longer  f[v  and  oonhl  onlv  tnke  fonrl  wit)i  ililliruity.     The  tiinre' 
pxtengivo  tin.-  destruction  of  the  eanals.  the  more  intcn.'m  were  the  disturbances 
prtxhk-ed,  and  the  animals  eontiniiwl  lo  exhibit  ?uch  dislurhnnoos  for  years. 

(billz  performed  a  ^rral  sen-ife  for  this  line  of  investipation  when  he 
olwen'rtl  that  the  rwult  of  the  openition  can  be  dtwcribod  primarily  as  a 
disturbann?  in  the  ability  of  the  animal  to  keep  its  body  in  e«/«iV{Ariwm.     He] 


Fits.  187. 


Pio.  188. 


FlM.   IS7. — Pi(t«>ii  with  IxiUi  tuMnlinuiuuH  labvrinllut  iwruoved,  nftnr  ,f.  R.  I-'wukl. 

Fid.  IKH. — Pifiron  Avr  (tayn  ftfti-r  n-movaJ  of   Ihi-   ri^tii    mrmbnuiuu.n    lAb>'nnllt,    after  J.  R.] 
KwaltL     'I1i«  licail  in  inrlincil  Urwmnl  tlia  oparatrti  wdv. 

also  laid  stress  ou  the  idea  that   cinee  this  disturbance  ]>er8i«t«   for  .seforal 
years  after  the  operation,  it  must  lie  n^jTHrdetl  not  ai^  a  Bymptom  of  irritation, 
but  as  a  Bymptom  of  some  dfjicienaj  cau.'vd   by  elimination  of  the  n>ini-l 
circular  canaU.     ThiR,  moreover,  is  confirmed  by  pnintinfi;  the  canaU  withi 
-caoaittit,  exactly  the  Mme  phenomena   being   prodmnHi   as   by  MH-lion    (CI 
K(»eni)(,  flaglio).     floltz  concliulod  that  the  *emicireidar  oanaU  conictitutc  _ 
peripheral  iseiu*e  orgati,  which  supplcmenlH  the  visual  and  motor  scn»CA  in^ 
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Fl-r.,  I  VI  I'li;.  ..[,  r■.^  iif.  ■!  ,  ,  .;  .  r  ri'liKiVAj  of  Lhtt 
finlii  mfiiihriiniiii*  biliyrmih,  »(ii  r  '  T.  I'lrulil. 
Til*  heiul  li»»  bi>*n  ttiniM  onri'  ir  ■.  i  '  'ii 
Tilth  U 


llif  pprceplion  of  the  position  of  the  head  and  thus  indirectly  in  perceiving  the 
position  of  the  whole  body. 

After  reniiivrt!  of  the  entire  mn'tnbraoous  l«byrinth  from  both  sides  the 
pigGon  on  cannul  rxnminBtion  oxhibitK  no  particularly  prominent  symptoms 
for  some  months  after  Ihc  operation.  But  nn  closer  invw^igation  one  finds 
that  all  the  muscles  are  abnor- 
mally ittonii-,  that  the  animaU 
liHvi!  a  ri'rtain  diHincliniitioti  to 
move,  that  they  cannot  fly,  and 
finally  that  their  ability  to  nvoj;- 
nize  llie  po>;ilion  of  their  bodies 
is  diminished. 

The  mUBCalar  weflkn«ea  occa- 
fliout'd  by  the  o|>eratic>n  is  dt'moii- 
strnted  hy  the  fnllnwing  rsju'ri- 
ment.  A  i«iiittll  Ifiul  hall  wei^rhintr 
SO  It.  i"  sUK)>ci]ilfil  ou  a  tlir>-H(l  and 
the  thn'tid  is  fueitennl  by  means  of 
modflrr'n  wai  to  thi'  Ih-uIc  uf  a 
pigfviii  whose  labyrinths  have  been 

rcmuvwi.  If  the  bull  hfliiRs  iu  front,  il  draws  the  head  far  downward,  bul  t 
R'lntively  HtruiiM  mu»cb'it  <if  tin.-  biiek  nf  cbt^*  tii^>k  iin'  nhk-  to  lift  it  and  ><>  duiiKlc 
it  iiboui.  The  hcnii  folkiwn  iht*  iwnduluinlikv  muvfmeiitei  of  the  ball  ii|>i>urc*ntly 
without  coiireni  but  in  n^nlily  qultr  iK>w»jrif!wly  until  at  la»t  in  llie  ciiuntt-  of 
its  swinfpng  tbo  wfiKhl.  t«  thrown  around  over  the  back.  Immediately  thia 
happen?  the  head  is  held  by  the  ball  in  (he  position  shown  in  TiR.  IS".  The 
ruuHclpu  whieh  otbervi.-iHi>  would  lift  the  liead  from  tliiit  [xitiition  are  too  wimUc  tu 
do  60  now  thiil  the  labyrinths  nre  wiinting*. 

The  f<tttriwiiiK  expi-rinii'iii  «hi>WM  Imw  ibi-  sTnuntions  of  poaitinn  are  affeoted. 
A  )>i(to.iij  deprived  of  its  labyrinth  iw  blindfoldfl  by  druwiog  n  leather  cap  over 
its  head.  Ikvauw  of  the  uiuM-utar  wfukiu-ss  the  bend  falls  down  over  thp  back 
ami  thu  iiiuHfulur  M-ntiaiion  fails  to  sppriM'  the  nerve  centers  of  the  fact.  Sinve 
lh<>  viiiuat  imi>ulHeK  do  not  now  eom))en(Uite  fnr  thiH  defieieney,  the  animal  no 
longer  haa  any  rorreot  notion  of  the  attitude  of  its  head,  and  will  allow  U  to 
remain  in  thi>«  unnatural  ponition. 

After  removal  of  the  labyrinth  on  »ne  side  only  (be  diplnrhaneea  am  lofw 
severe,  so  that  rlu>  aninmU  can  nx'\\\  lly  and  can  take  food  without  dtllieidty. 
Rut  they  are  mil  by  any  meiins  normal,  for  the  jH^-uliar  rotations  of  the  head 
first  described  by  Ftourens,  and  which  cwtw;  after  bilateral  extirpotion,  at 
limea  make  their  appearance.  J 

DuriiiK  the  finti  diiy«  fnllowiiiK  tV'  operation  the  pigeon  bc^inH  to  incline  its 
head  toward  the  npprntcd  side.    The  (uniiiiK  incn-'ssev  more  and  more  as  time 
goes  on,  and  finally  may  amount  to  complete  rotation  (Firk.  188  and  189).     Tboi 
explanation  is.  that  by  remttving  one  labyrinth.  Hay  the  right,  the  mna<des  wfairh 
Donnally  prevent  the  bead  fmrn  falling  to  the  rinhl  are  greatly  weakened. 

There  is  a  decline  in  the  ftinetitmal  puiter  nf  othfr  munrlfji  after  cx<irpfl- 
(ion  of  one  labyrinth.  Accordinp  to  Ewald  each  labyrinth  is  connected  by  way 
of  tlu!  central  nervoua  systctn  with  all  the  voluntary  mnsclcit  of  the  body. 
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but  mort  diri't-llv  with  thoRO  of  ihc  opposite  side  and  in  particniar  with  those 
which  move  the  hiaid  and  vertebral  noluiun.  Aenjonlingly  tlu-  muric'Ica  of  either 
side  would  \ie  mused  to  activity  in  any  giviin  va»u-  ehitlly  hy  th«  opposite 
labyrinth.  In  ngrc-emcnt  with  this  is  the  fact  that  if  citio  lahyrinth  be  left 
intact  and  the  other  lie  suppressed,  rigor  apptmra  (tooncr  after  the  di^ath  of  Uie 
animal  on  tho  ^UIq  opposite  the  norinn!  labyrinth. 

In  other  species  of  niiimulB  extirpation  of  one  labyrinth  produces  !<omevhRt 
different  reaults.  Tii  the  rabbit  rollinjt  of  the  entire  body  around  its  longitudinal 
flxis  8el8  in  «ooii  after  the  tiiHTtitiim.  This  is  ciiuwd  b,v  extension  <tf  the  le^c*  on 
the  opposite  side,  and  by  the  e('iise<iu(.'iit  rotation  <if  the  animal  twwnrd  the 
openilfd  side  uiilil  it  t;uni[?H  It-  Vw  on  its  back.  The  animal  tries  to  resain  it« 
feet,  but  Hfl  soon  n»  it  Rnewedf*.  hcg-ins  onee  more  to  roll  over.  The  h-^  of  the 
operated  side  arc  entirely  pa^tsive  all  the  while.  After  hilaterat  exilrpntinn  in 
the  drif;,  the  Aiiitiiul  cxliibil-*  a  t'i-r1»irL  nnstendineA^i  in  his  gait.  When  he  juni|Mt 
down  fruin  a  table,  lie  falls  sprawling  en  the  Hoor.  Some  diffieulty  in  chewing 
and  in  swallowinR  may  iilsm  hv  obsen'ed.  All  of  which  Bymptoms  ptiint  to  a 
redueljon  of  inunnjlar  airength  and  of  the  ability  lu  i)njiM.*rly  control  Ilie  muecli^. 

The  rtisturhaiieos  arising  from  bilateral  extirpation  of  the  labyrinths  ^ad- 
ually  di^ajipear  again.  This  oeeurs  in  all  llkcIlluHKl  mainly  hecauc^e  thu  aninial 
gradually  boeonses  at-eut^roniod  to  regulatinjf  his  inovcincnta  without  the  help 
of  the  alfereni  iniinilscK  from  the  rtL-niiein-uUr  eamils. 

The  rerfbrum  appears  to  play  the  most  important  pan  in  this  rrgnlaTton. 
With  pifteons  from  whi<-h  the  cerebrum  was  romovcd,  niiihiteral  extirpation 
evoked  the  u^ual  cfimplojc  «>f  syuiptoin?.  but  some  of  them.  espveiHlly  the  rula- 
liuu  of  Ihi-  Iliad,  wi'rc  no  lontrir  romiR'UHited.  After  the  Byrnptouu  oecompnny- 
inn  bitntiTtd  L-xtirpation  in  the  doc  had  been  improved  as  mueh  hh  possible, 
J,  R.  Ewald  removed  the  surface  of  the  cortex  from  the  motor  zone  of  both  stdc«. 
The  doj;  cxbibiteil  diAtiirhnnces  of  euiirdinntioti  of  the  profonndcst  kind.  He 
coidd  no  binfjer  jum|i  or  nni  or  walk  or  vvvn  Htaiid;  in  fact  he  eouM  not  He  on 
bJB  belly.  lie  Ifiy  rather  on  one  side  or  the  other,  and  despite  hi»  most  Tifpiroua 
efforts  WHS  uniiblo  to  niisc  himself  with  hia  leif*.  The  head,  however,  wua  utwd 
to  more  purpose.  <ira(luall.v  these  ilisurders  improved,  but  they  imnnMliately 
returned  and  in  t'xaetly  the  same  fa.'sbi.in.  as  direrily  after  the  oixration. 
when  the  animal  was  taken  into  a  room  which  was  Kuddcnly  dorltened.  The  di»K 
sliDWcd  tlH-refurx-  that  after  exolusifin  of  the  impuUes  niciliulr-d  (hrouKh  the  laby- 
rinths end  through  tbi?  so-called  motor  xone  of  the  cortex,  he  had  been  thrown 
back  u|ion  his  eyei^  for  the  n-ffulation  of  hi8  movements,  Since  now  no  such 
difltnrbanees  result  from  destnirtinn  of  the  cortex  alone,  even  when  the  viftual 
sensations  also  are  excluded,  it  follows  that  after  extirpation  of  the  labyrinth 
the  cprpbral  cortex  takes  upon  itself  llie  business  of  replacinR  the  missinfi:  iifffrfnt 
impulses  as  far  as  possible.  Tlipn  wh^ri  the  cerebrnl  cortex  also  is  ilewtroyed,  a 
compeiisntioii  can  once  more  be  cffwled  tbruuRh  the  eyen,  but  this  faii»  on  ejieln- 
sion  of  the  visual  sensationa. 

The  disturbances  which  appear  on  stippre-ssinn  of  the  Iflhyrinth  are  ther^ 
lore,  (I)  a  refluction  of  muscular  slrenjith.  and  ('*)  derangements  in  the 
coordination  of  movements,  which  to  all  appearances  are  due  to  the  loss  of 
afforcQt  iinpul»>cs. 
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C.    ARTIFICIAL  STIMULATIOH   OP  THE  SEMICIRCULAR   CANALS 

fireuer  (1874)  iiiadt'  llii-  (irtrt  uxju^riiiivuU  nf  this  kiii'I  and  (hey  wero 
nxtfiiik'd  Jfitpr  by  Ewald.  In  the  folli>wing  discussion  up  shall  fnMuw  in  the 
niuin  Kwald's  results. 

The  amiloniical  itirur.ture.  of  \\\v.  (ieniit-ircular  caiialR.  as  Broiicr  and  MacVi 
have  poiiiltil  nut,  make  it  hijriiiy  probaltli;  that  the  specific  stiimilus  for  the 
nervoutt  end  organa  in  th*;  Ampullar  conRists  of  currents  in  ihc  cndolymph. 

Wlieii  a  ri riK-nhaiK'd  IuIk-'  cotitaiiiinK  a  fluid  is  rotated  in  the  plane  of  it« 
curTBturf  ihe  fluid  r^'iimins  for  a  time  iit  rest  nu  aoci>uii1  of  its  inertia — i.e.,  « 
current  is  M.-t  up  in  tbL-  up|iotiite  din-eliuii  relulivi!  to  the  walU  of  the  tube,  tiulil 
the  fluid  ha»  had  time  to  ncqiiire  the  .t|>oed  of  the  tube.  Sneh  a  current  muHt 
roault  08  often  aa  a  fhange  in  the  speed  or  direetion  of  rrilatiou  takes  place. 
The  xanie  pbenomriin  i-vitlcntly  mutt  oecur  in  the  semieircular  eanaln  with  v\*yry 
rotation  of  the  heiid.  Rut  the  effect  in  the  different  cnoala  ^-ill  depend  upon 
their  ponitinn  with  rcfrrrnw  lit  the  ants  of  rotation.  Kotalion  n(>r>ul  Ihe  veriirol 
axifl  aets  a1mt>st  exrlusivi-ly  on  thf  two  external  eannU.  If  the  head  i*  turti<-d 
to  llie  rij(ht  (here  iirijM-it  in  the  ext<-riiiil  i-niial  nf  Ihe  riffht  side  a  current  iIirrH^t<'<l 
toward  tlie  eii<]  of  the  canal  eontntniiiR  the  ampulla,  in  thut  of  tht^'  left  sidv  a 
current  away  frmn  the  ampulla.  And  thus  ihere  is  in  the  difffrenl  pairs  of  wmi- 
eireutnr  eanab  a  eiirreiil  df  a  certain  Hin-URth  in  a  certain  dirwrtion  eorn'spond- 
itiK  In  PveT7  turn  of  the  head.  The  ^eniwiry  hairs  of  the  maculn*  nre  nioveil  by 
tbeac  currents  and  in  thin  way  the  corredpondiug  nerve  eudingn  are  excited. 

These  oom-hisiort!!  are  eapable  nf  experimental  proof  hy  prndueing  muvi'- 
mrntjf  of  thf  pfiiluij/uif/fi  in  a  (riven  direction.  For  this  purpow  Kwald  o}iene«l 
a  Iwny  scuiieirrnlar  canal  at  two  points.  Into  the  opening  farther  from  the 
ampulla  hu  ininKliuiil  n  plu^  so  (hat  the  movement  of  fluid  in  that  direcLiim 
was  prevented.  He  adjtisleci  to  the  othi-r  o|H*ninjj  a  small  apparaluo  by  means 
of  whii^h  he  <i>uld  exert  pressure  on  Ihe  nake<l  memhrnnons  canal.  Since  Ihn 
fluid  cuuld  iiol  m<]vu  away  fnun  Ihe  luiipulln,  when  pn^iiure  wa>t  appliinl  a 
current  of  endolymph  wa«  nainrally  produeed  towan:!  the  ampulla.  With 
every  stimulus  of  pressure  the  animal  (pigeon)  invariably  moved  its  head 
and  eye»!  in  (he  direelion  of  the  current  and  exaetly  in  the  plane  of  the  canal 
atimulated.  When  the  pressure  wa.s  not  released  the  animal  brought  its  head 
hack  after  a  lime  lo  Ihe  slarling  piiint.  If  now  the  presstin;  was  reteaiMil 
and  thus  a  current  in  the  opposite  din.H:tion  was  producvd.  the  head  and  eyes 
wer^  again  turned,  hut  this  time  in  tlie  opposite  direction — i.e.,  always  in 
(he  ilireelion  of  the  current  of  eudolyniph  and  in  the  plane  of  the  canal 
atimulalefl. 

Proof  that  the  eurnmts  of  endnlymph  give  the  nonnnl  atimulns  to  (he 
FCmicireular  canals  is  furni*htii  alsf)  by  rotation  exprnminlji.  To  prevent 
complications  wild  (he  i»ense  of  sight  Ihe  animal  must  he  hlindfoldwl.  If  a 
pigeon  lie  jilnee^l  in  a  rotation  apparaturt  in  such  a  way  (hat  il  is  rotated  (o  the 
right  almut  a  vertical  axis,  it  lumR  iti^  head  in  the  lioriMmLal  direction  In 
\\w  left,  that  is.  in  llie  ^a^\e  direction  as  the  current  prodiuvil  hy  the  inertia 
of  the  cndolymph.  When  Ihe  head  ha*  been  tumol  a  certain  distanee  to  the 
left,  it  moves  a  a-rtatn  distance  to  the  righ(  toward  Ihe  nmlian  [Kwition,  tlien>fs 
again  rotated  to  the  left,  and  so  on.    In  this  way  tlw  head  swings  inces^^antly  lo 
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and  fro  and  the  eyes  aleo  take  part  in  the  nioTenients.  Now  it  is  a  probabilify 
supported  by  many  facts  that  the  first  phase  of  the  moTement  represents  a 
reaction  of  the  animal  to  the  rotation;  the  second  phase  is  product,  because 
after  the  head  has  been  carried  far  enough  from  the  median  position  the 
afferent  impulses  from  the  joints,  muscles,  etc.,  are  strong  enough  to  arouse 
the  opposite  sets  of  muscles. 

When  the  two  external  canals  are  plugged  up  so  as  to  prevent  moTementa  of 
the  fluid,  the  reaction  to  rotation  in  the  horizootal  plane  is  almost  entirely  want- 
ing. On  the  other  band,  one  can  destroy  any  number  of  the  anterior  and  pos- 
terior semicircular  canals  without  changing  the  reaction. 

The  characteristic  eye  moTements  occur  also  when  mammals  are  rotated; 
they  arc  wanting  after  section  of  the  eighth  cranial  nerve  or  of  the  semicircular 
canals. 

From  these  facts  we  may  conclude  that  the  semicircular  canals  are  influ- 
enced by  movements  of  the  head,  and  in  all  probability  the  immediate  stimulus 
is  cau«e<l  by  currents  set  up  in  the  endolymph;  this  means  that  the  sensory 
hairs  of  the  corresponding  crista  acustica  are  put  on  the  stretch  and  the  ap- 
propriate end  organs  are  consequently  excited.  These  in  their  turn  produce 
reflex  responses  by  which  the  position  of  the  head  and  of  the  eyes  is  regulated. 

The  movements  of  the  eyes  and  of  the  head  which  have  been  seen  to  take 
place  when  the  animal  is  rotated  may  appear  after  extiri>ation  of  the  labyrinths 
when  the  eyes  of  the  animal  are  open.  At  the  beginning  of  rotation  the  animal 
experiences  a  displacement  of  the  retinal  picture,  and  seeks  to  resist  that  dis- 
placement by  striving  to  hold  the  object  steadily  in  view. 

The  subsequent  motion  of  the  head  in  the  direction  of  the  rotation  is  pure 
reflex,  probably  discharged  by  the  excitation  of  the  retina  due  to  the  displace- 
ment of  tlie  image  or  by  impulses  coming  from  the  neek  and  eye  muscles. 

The  eff'eets  of  extirpation  of  the  semieircular  canals  which  have  been  sum- 
marized under  B  can  be  brought  into  line  with  these  results  without  serious 
difficulty.  Suppose  a  normal  animal  moves  hia  head,  say,  to  the  right.  The 
movemc^nt  produces  in  both  external  semicircular  canals  currents  in  the  endo- 
lymph in  the  opposite  direction,  and  these  in  turn  reflexly  induce  a  rotation  of 
the  head  in  the  direetioii  of  the  current — i.e.,  in  the  direction  reverse  to  the 
original  rotation  of  the  head.  If  the  two  external  canals  are  now  thrown  out 
of  function,  cither  by  beinfc  plugged  or  by  Ix'iiig  >!cctioned,  the  currents  are  not 
Hct  up  niid  consc((uently  the  muscular  movemtfuts  caused  by  them  do  not  take 
place.  But  the  head  may  swing  to  one  side.  If  so,  it  wilt  continue  until  the 
motor  KCiisutions  from  the  joints,  etc.,  discharge  compensating  movements.  This 
mode  of  discharge,  however,  is  not  so  finely  graded,  for  the  animal  has  lost  the 
jiowiT  of  telling  when  the  head  has  been  returned  to  normal  position;  conse- 
quently it  is  difficult  fur  the  animal  to  regain  its  cipiilibrium  after  that  has 
once  been  diHturl)cd.  When  several  canals  are  suppressed  at  the  same  time  the 
swinging  imitiiiiiH  <if  the  hend  become  still  more  extensive. 

The  laxnens  of  the  mnseles  which  has  been  nbser\'C(l  affects  most  the  muscles 
of  grcHtcj't  pn'eiHi<in — e.g..  the  extrinsic  muscles  of  the  eyes — and  is  probably 
due  to  the  aliscnce  uf  impulses  normally  roused  by  the  labyrinth  (Jensen). 


UTULITH  SACS  OF  THE  INNER  KAK 


D.    THE  OTOLITH  SACS 


It  will  be  readily  undETstniKl  that  a  movement  in  a  straig'ht  Un«  will  not 
produce  any  current  in  tlie  xfinieiTfiilnr  cnuitlB,  for  the  reii»im  thnt  ttte  influeiice 
of  inertia  in  ttu?  two  linlve^  of  ench  vnna\  will  bo  found  to  be  equal  nnd  in  opp^D- 
aite  direction*.  But.  ns  Breurr  haa  obaerrcd,  it  appear*  ihnt  the  otolith  appnmlua 
may  bv  «>tiiniilu(pd  under  the^e  ciTfuauitaiiCM.  The  inipivjutimi  which  (he  ntnlith 
will  iimke  ot  any  time  will  depend  on  (be  poHtion  with  reference  to  the  dittw- 
tiuu  of  (rnivity.  uf  the  eurface  beiw4!eci  the  otolith  and  thu  subjacent  epithelium, 
and  will  vary,  iherefore.  with  the  ptwition  of  the  hend  wilh  n-fereinK  to  the  line 
of  gravity.  On  account  of  the  varying  pos{(iun  of  tlio  different  inaculic.  the 
in)pre-<u*ionM  from  tlip  ditTerent  otoliths  for  any  givf-n  position  of  the  head  will 
al^o  be  different.  Hence,  ewry  petition  of  the  head  would  l>o  nccom pan ii^d  by  a 
detiiiite  combinatioD  of  inipre8sioii«  discharRed  by  the  otolithii,  iiiid  hence  the 
otulith  sues  would  couHtilule  an  organ  for  the  pcrcopltuu  of  the  poaitioa  of  the 
head  with  reference  to  a  plumb  line. 

Again,  if  we  dupp^)»o,  ai  Br«.-ucr  haa  sought  to  show,  that  each  otolith  haa  a 
definite  "  gnmve,"  »o  In  H|H-Hk,  in  which  il  may  exert  the  preiwure  due  to  ita 
inertia,  wc  Hhould  have  nn  nrrnnnement  by  which  translocation  moTemcntx  ia 
any  straight  line  eould  bo  peri:eivcd. 

Several  ohriervationa  on  fioliea  hnvr  been  cited  in  support  of  this  function  of 
the  otolith  sacs,  their  purport  being  rhnt  when  the  sacs  are  injured  or  destroyed 
the  orientation  of  the  aiiimnl  with  rcforence  to  gravily  in  practically  loet. 


B.    OBSERVATIONS  OR  UElt 

The  rotation  oxporiinonts  constitute  a  no  Iciw  vahinhle  means  nf  ittntlving, 
tlif  iiitluencf  of  (he  H'niieireular  enoal)(  in  man.  When  a  tnaii  with  normal' 
earn  i«  rotattxl  ahmit  the  \'ortical  asi?  in  an  apparatus  suitable  for  the  pur[»o«e, 
the  eyes  are  moved  first  alowiy  in  the  opposite  direction,  then  quicfciv  in  the 
same  direction  an  the  rotation.  This  reaction  appenrx  to  he  perfectly  constant 
in  henUliy  individual.-*,  hut  is  often  (fifty  per  cent  of  the  coaes*)  wnnlinjj 
in  ihc  denf  and  ilinnb  (Krt'idl). 

KrcidI  ajtserts  ftirthermore  ihnt  these  same  deaf -and -dumb  persons  who 
failed  to  give  tlie  eye  ri'aetion.  did  nnt  suffer  from  dixziness  when  the  rotation 
ceased,  na  thf  nornitil  persons  do.  and  similarly,  we  find  in  .lames  the  siate- 
inent  thai  out  of  ."ilfi  <lear-andKlumb  pertwns  only  19!)  suffered  from  dizzinetta 
tka  the  result  of  rotation. 

The  Rxplanution  which  Rreiier  has  advanced  with  reference  to  the  fniic- 
tiott  of  ihe  otolith  MIPS  in  animals,  namely,  that  they  make  the  animal  aware 
of  its  positinn  u'ilh  rrfrrfitrr  to  the  Un^.  of  gravity,  appears  to  apply  also  tn 
man.  Certain  positions  nf  the  eyes  are  nnquestionably  dependent  npon  the 
position  of  the  head  with  reference  to  the  line  of  gravity.  Thus,  for  example, 
in  the  blind  the  Wnding  of  the  head  forward  is  accompanied  by  an  elevation 
of  llie  plane  of  vision  with  reference  to  the  head,  nnd  bendinp  the  head 
backward  by  a  cnrrespondinjj  lowering  of  the  plane  of  vision  (Breiicr).  In 
pereona  trith  normal  eyes  these  movem«it«  do  not  occur.    But  we  meet  with 
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<  Mygind  Ium  a«certalned  ttiat  tn  CooenhMien  about  fifty-aix  per  cent  of  the  deaf 
and  dumb  have  tbe  winicirruUtr  canals  affected. 
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a  wheel-like  rotation  of  the  eyu  about  its  axis  when  t!ip  licatJ  is  bfint  to  one 
BJde  or  the  other.  This  in  nnt  cuusL-d  by  the  nervnt  wliu;h  eouvuv  muscular 
sensations,  for  tlit-  "atun  rolalinn  api^wirs  vvIk-ti  the  whole  UhIv  is  inclintni  oiif 
WAV  or  tlio  oihirr  wilhfmt  iH-mJirifi  iho  heat]  or  iicok.  Wlien,  for  t'.vamplc,  a 
person  lyiTi/?  Imri  win  tally  on  his  huck  uirns  his  hinui  In  the  rig"Ul  his  i-yes  turn 
to  the  left,  whih"  with  th*i  satiio  rohitimi  of  the  head  in  a  standing  position  no 
mtatiim  of  Ihe  t'Vfs  Iake«  place.  Such  phonomcpm  a|>j)L*flr.  thorffrtro.  to  d<^ 
pend  upon  the  chniijfcil  position  of  the  hciul  with  reference  to  the  line  nf 
gravity.  Sinrti  llii-y  are  very  ilillerent  ici  characler  from  those  arointed  from 
thr  semicircular  canal?,  wo  nhouhl  prohably  not  fro  far  astray  in  a^^uminf^ 
lhnt  ihey  are  medlalwl  hy  the  otolith  sacs,  that  if*,  that  the  latter  furuii^h 
iuipre*!iion.>i  which  inform  m  of  the  direction  of  the  line  of  gravity. 

These  imiiressionH  do  nni  figure  proiniuenlly  except  under  circumstauces 
which  cxchiiic  iho  ordinavy  visind.  nK'lor  iiikI  itictunl  im|>n'H)^i^)l^  as  for  example 
ill  (living.  I(  is  saiil  thtit  m»ny  <lifif-a?ul-dumb  pi'rson*  lose  alt  swnse  of  diree- 
tiiiii  u'hfii  the  IxhJ.v  i"  i*uliiiierK*-d  (JunieM),  aluo  ihRt  sut-h  |irrsouA  havp  in^at 
difficult.v  in  Ktiindin^  on  om*  Ivg.  and  when  the  Qyvi*  are  dowd  liiid  it  quil«>  impos- 
sihlo.  We  inny  8iii|i|Hi«e  thul  in  those  persona  the  otolith  sawt  hwvt-  uuderKone 
pathotogiral  rhflngPH. 

Thr  diz7.ine-*s  produced  hv  sendinj:  ati  etectric  current  trnnavcrselv  through 
the  liead  is  al.in  lhou;rhl  to  he  dtic  to  (iliimdation  tif  tlie  hihyrinth.  When  iho 
current  b*  clnswl  Ihe  ]K'rsoti  feels  as  if  the  head  and  entire  lK>dy  were  inclinwl 
toward  the  cathode;  when  it  ia  opened  one  has  the  sensation  of  falling  toward 
the  anode. 

Fmm  the  observations  and  experinicntt'  liere  prettenle*!  it  apj»ean«  quite 
proliahle  that  the  Inhyrintli  is  n  ppripheral  orj^an  wliicli  rcflcxly  re^ilato^ 
various  liiiely  jfraihiiili'il  tnovt'tneiils  (»spefially  of  the  eyes  and  of  the  head,  and 
in  jfr'neral  is  of  c^ni^iderable  im|")rtanee  for  the  'unuj  and  funclianal  eupac- 
iiij  vf  the  gK-efetal  muscles.  If  ihe  couclu)iion  is  correct  that  eonfteiouii!  iin- 
prfiisinns  as  to  the  po!<ition  of  tlie  head  and  orientation  of  Ihe  hody  are 
olttuinwl  from  the  labyrinth,  it  ought  to  be  P^yanJed  aI*o  ac  an  actual  sense- 
organ  analogous  to  the  organs  of  the  motor  sensations.  That  these  imprc»- 
sionfl  are  ii.^urtlly  indtt*tinot  says  nothing  against  their  occurrence,  for  s-uper- 
Heiidly  eonsidenvl,  the  sensations  aroused  through  the  nencs  of  the  l^nd«ins. 
joints  and  innsfles.  in  sjiite  of  their  deiiionstnihly  great  iui|n)rraneo,  a|>[>eaT 
to  us  much  less  vividly  than  the  sensationa  which  priKieed  from  sen^e  nrjjana 
stimulatetl  liy  external  a^fCiK-ies. 

REKKBExrRK. — SI.  von  Siein.  "Die  l^hre  von  Ai-n  Kunktiooen  dcr  pinxe1n«i 
Telle  des  Ohrluhyrinihes,"  Jena.  I.'Vfl4.— J',  /f.  Firatd.  "  Phj-sioloKiache  Vnt^r- 
suchuiipreii  iiUrr  daw  RndorKaii  des  Ncrvus  octavm,"  W lusbaden,  ISfiJ. — J.  Hrruer, 
Witner  SittuHgthtr.,  NoTeinbcr,  1903. 
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TASTE   AND   dMELL 

Br  means  of  the  sense  of  taste  we  learn  wnictbmg  of  the  solid  and  fluid 
siiIiBtancL**  lakt-n  into  ihc  month,  and  hy  m«in!*  of  the  ffnsf  of  smfU  some- 
Ihing  of  the  nature  n(  the  atnioisphero  euleritig  the  nasol  cavities.  The  two 
M:tix»  very  often  work  togelh(/r.  and  many  impressions  whieli  we  ordinarily 
deftcrihe  a«  Bonsations  of  laifle,  have,  as  a  matter  of 
fact,  nothing  whatever  to  do  with  ilie  t^ensc  of  taste, 
imng  mediate*!  nolely  by  the  organs  of  snidl. 

g  I.    SENSATIONS   OF   TASTE 

Ordinarily  only  ihe  upper  surlv-e  of  the  tonpiw 
is  deKTihiwl  as  Ihc  prriphcraf  vrgan  uf  t^iate.  Hut 
this  appeiir*  to  be  incorrect,  for  according  to  dif- 
ferent autliorii  the  under  surface  of  the  tip  of  the 
tongue,  the  soft  and  hard  paUto,  the  antiTior  pillars 
of  Ilin  fttiii-fs,  the  tonsils,  uthIh.  pnstrrior  wall  of 
the  plmrynx,  pO(i(rrior  hidi'  of  the  epiglotlis  ami  of 
the  larynx,  ai  well  as  the  inucoiw  inetnbrHne  of  the 
cheeki*.  mediate  aenniations  nf  taste.  However.  iXiii 
i»  true  only  of  children ;  in  adults  the  mucou*  mem- 
brane of  ihc  choi^ks.  the  uvnbi.  tonsiU  and  middle 
of  the  tongue  no  longer  renct  to  sapid  hub^inno's ; 
in  exceptional  cHKet  the  anKrior  piltHr<i  of  the 
fanccfl  and  the  under  surface  of  the  tip  of  the 
longue.  both  gides  of  the  frenum.  continue  to  be 
percipient.  According  to  Hanig  the  central  zone 
of  the  tongnc  which  is  not  percipient  id  tiurroundei)  on  nil  t«tdei'  by  a  "  intttc 
girdle  "  within  whieh  the  sensitivenew  decreaw-V  oiore  and  more  from  the  edge 
toward  the  niiihlle  line  (cf.  Fig.  ]!•(».  where  the  tteniiitivily  of  the  different 
portionrf  is  schematicnlly  roprcsenled  liy  the  numlier  of  black  spots). 

The  <'ih1  orfnins  of  the  pustatory  neriif!'  «re  lite  tasif  binU  ^r  tastp  fcoblets 
diseoTpred  by  Lov^-n  and  Schwalbe.  They  are  ovoid  bodiw.  rt.OS  mm.  lonn  and 
ft.f>4  mm,  thick,  which  lie  imbeildtHl  in  the  p|iithelium  of  iIh-  mueoui*  membrane. 
Thejr  cnn<iiHt  in  pflrt  of  nutpf.  HUMcntncnIar  or  tegnmentnl  cells  and  in  pari  of 
inner  tn$>te  ct-lU  vrhich  rppre«ent  \\\f  tnip  nrvrorpilhtHtim  L'i^nnoi:'t«*d  in  one  wiiy 
or  another  with  the  mmtatory  nerve  fiber*.  In  order  to  Mimulnto  ihew  taste  ct>lU 
the  sapid  «ub«tBnre  muM  come  into  aetual  contaet  witli  llieni.  uud  ihit^  is  made 
|)<i«wiblp  by  the  preHcnee  nf  a  t<mall  laHte  pnre  nt  the  top  of  the  taste  bud,  into 
which  the  attenuated  cndft  of  the  taste  cells  project. 

4S3 
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Because  of  the  anatomical  stmcture  of  the  taste  organ  the  entranoe  of  du 
■apid  Bubetanoes  in  sufficient  quantitr  to  arouse  gustatory  aensatioiia  ia  lendoed 
difficult,  especially  if  the  tongue  is  covered  by  a  thick  layer  of  mnens. 

The  taste  buds  are  found  chiefly  in  the  circumrallato  papilln  and  in  tbe  aidea 
of  the  foliate  papillte,  but  occur  also  in  the  fungiform  papilln,  and  are  scattered 
here  and  there  over  the  vmriouB  parts  of  the  mucous  membrane  of  the  mouth 
and  throat  endowed  with  tbe  sense  of  taste. 

The  tongue  possesses  also  nerves  of  touch,  heat  nerres,  and  cold  nenei. 
What  nerves  supply  gustatory  fibers  to  the  tongue  can  of  course  only  be  answered 
by  observations  on  men  in  whom  the  afferent  nerves  from  the  tongue  have  been 
fwralyced  in  some  way.    It  appears  from  such  obeervatitms  summarixed  t?  Caa* 


Fio.  191. — Coune  of  the  fftcial  nerve  and  its  communications  with  the  trigeminal  and  g^osao- 
pharyngeal  nerves.     The  chief  guattilory  fibera  are  indicated  in  red,  after  Leube. 

sirer  that  in  by  far  the  greater  number  of  cases  thi'  gustatory  fibers  for  the  poa- 
terior  part  of  the  tongue  traverse  the  glossophar^'iigeal,  those  for  the  anterior 
part  the  basal  trigeminal  nerve  (Fig.  191).  In  certain  cases  it  appears,  how- 
ever, that  the  plossopharyngeal  represents  the  gustatory  nerve  of  the  whole 
tongue,  while  in  others  it  may  happen  that  all  the  gustatory  fibers  traverse 
the  trigeminal. 


Only  four  qualitatively  different  kinds  of  sensation  are  mediated  by  the 
sense  of  taste ;  namely,  sn-eet,  acid,  bitter  and  salt,  to  which  alkaline  and 
metallic  are  added  by  some  authors. 

Tb<>9e  six  qualities  however  eannot  be  regarded  as  pure  taste  qualities,  for 
fill  of  our  gustatory  impreasions  are  accompanied  by  tactile  sensations  (Kieaow). 
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It  i«  impossible  to  clawify  the  gustatory  inipresainas  any  further.  For 
exampiti,  if  we  use  soluLiooH  of  HCl.  HNO,  H,SO„  aoelic.  larUric  and  oxalic 
acitl.i  of  such  strength  as  to  produce  sensations  of  the  same  intensity,  they 
all  tusii;  alike.  Thu  same  iw  true  of  bitter  riulwtannftj  like  jitryohntn,  qiiinin, 
mur[ihin  atbd  fiu-rlc  acid,  and  of  t^wwi  ^uht^iai\w»  siieh  &»  iiitik  sugar,  grape 
sugar,  cane  sugar.  On  the  bai*e  of  the  tunpK'  we  tan  distinguish  all  the  taiite 
qualities,  hut  on  the  tip  there  are  considerahle  differences  in  this  respect  in 
different   iridividu»lt?.     v.  Vintsdiyaii  n?<*i»)rnizi>s  four  (rroups  of  individuals: 

(1)  those  who  distinguiKli  with  the  tip  of  the  tongue  all  the  four  qualities; 

(2)  thosr  who  distiiipiish  3Wi>et,  salt  and  fl<'ii!  readily,  hut  hitter  lesf  ea.'^ily; 

(3)  thofif  who  distinguish  none  of  the  qualities  easily;  (4)  those  who  have 
no  sense  of  ta-'te  at  all  on  (tie  lip  «if  Ihe  tongue. 

Moreover,  the  same  suhstanee  plaewl  on  dilfcrent  parU  of  ttw  imigue  may 
have  a  dilTercnt  tshte.  Thus  according  to  Unwell  and  Caistle  brom-nacolinrin 
tAAtes  bitter  on  the  hase  of  the  tongue,  but  sweet  nn  tlie  tip.  Shore  found 
that  a  five-iier-rent  sotution  of  MgSO,  haw  a  faintly  t^weetish  tajiti'  on  the 
tip  of  the  tongue  followed  hy  an  aei<l  tasto.  an  acid  and  bitter  ta;jte  on  tho  edge 
and  a  pure  bitter  taste  on  the  base. 

By  mtffliis  (ff  cociiiiK-  ibe  winiihility  of  the  toii|nip  to  piisliitory  Mimuli  can  be 
considerably  redueed.  Hut  the  fffvct  is  diffi-n-'iit  fur  Ilit-  dilTfn;-iit  (wst**  «nmlirieit. 
A  five-|ier-ce]il  sohition  of  co4'nine  acts  most  markedly  on  the  sense  i>(  biiltT. 
then  on  awwl  and  acid,  while  il  is  entirely  wilhoui  effect  on  suit  (Shore, 
KioRow).  Th*  faintly  toxic  sub^itflnee  eneain  has  a p proximately  ihr  same  effivt. 
tl.viiitiftnir  acid  .iblaiiied  from  (}ymt\<-m'i  *}ilv«itrf  plaoed  on  the  tonjme  in  ft 
sufficienlly  concentrated  fcrm  ublitcralct  every  trace  of  sensitiveness  for  cweet 
(Edgreworth):  il  acln  .'*econriBrily  on  bitter  and  to  a  much  lesn  dcjirue  on  salt 
and  acid  (Shore,  Kiesow). 

It  is  very  probable,  from  such  nhservation?  aa  those  just  mentioned,  that 
the  different  taste  riualities  are  mediated  by  different  nerves,  just  a^  in  the 
ease  with  Ihe  dilTeretit  qualities  of  the  temperature  sense.  This  inference 
has  been  directly  confirmed  by  Ohrwall. 

By  means  of  n  veri-  fine  brush  he  placed  sohitions  of  sugar,  quinin  anti 
tai^arie  acid  on  diiri-reni  fungiform  papillie.  and  found  that  out  of  125  such 
papillse  on  the  anterior  part  of  the  tongue  27  (21.G  per  cent)  did  not  react 
to  either  of  these  substances.  Of  the  remaining  9S,  18  reacted  only  to  tartaric 
acid,  3  only  to  -^ngar.  12  only  In  tartaric  acid  and  sugar,  7  only  to  quinin 
and  Tartaric  acid.  4  only  (o  sugar  and  quinin.  No  definite  results  were  ob- 
tained with  reference  to  the  scnsitivitv  of  different  papillie  for  salt.  Kiesow 
haa  reache<l  similar  conelniiiona. 

Hoeber  and  Kiesow  have  discussed  the  siirniBcanee  of  electrolyte  as  gusta- 
tory excitants,  and  have  reached  the  conclusion  that  the  siwcifir  sCTi&«tion«  arc 
aroused  in  part  by  inns.  For  example,  the  salty  taste  of  KCl  KaCU  MgClt, 
NaBr.  NaT.  Na.SO.  is  caused  by  rhe  pWtroneirative  iona  (C\.  Br.  etc.) ;  the 
threchold  stimulus  is  Riven  by  &  concentrntifn  of  n.nsO-fl.OSri  g.  of  the  ion  per 
lilori  a  sweet  taste  |)n)duocd  by  a  very  weak  solution  is  caused  by  the  OFI-iona, 
the  threshiild  vnlue  of  the  stimulus  bciofr  Kivcn  by  0.006-<l.fXl9  «.  ions  per  liter. 

The  acid  tnate  produced  by  the  anode  of  a  constant  current  ia  probably  due 
to  eleclroljtic  distMciation  of  the  saliTo. 
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§2.    SEVSATIOffS  OF  SHELL 

While  the  olfactory  organ  of  man  is  particularly  sensitive  to  certain  odors, 
it  in  general  is  much  less  sensitive  than  that  of  many  other  mammala.  The 
organ  of  smell  is,  in  fact,  much  more  important  for  the  whole  life  of  the 
lower  animals,  because  it  is  mainly  by  this  sense  that  they  find  and  select 
their  food.  Among  civilized  men  this  sense  plays  but  a  small  part  for  such 
purposes,  although  it  is  stated  that  some  so-called  wild  people  are  possessed 
of  a  very  highly  developed  sense  of  smell.  Thus  Humboldt  relates  that  the 
Peruvian  Indians  can  follow  the  trail  by  scent  with  as  much  accuracy  as  a 
hunting  dog.  Among  civilized  people  the  sense  of  smell  serves  to  test  the  air 
inhaled  or  furnish  information  as  to  the  nature  of  the  food  to  Iw  eaten.  As 
a  rule  it  is  of  no  very  great  service  even  in  this  respect  for  the  olfactory  sense 
very  soon  becomes  blunted  for  a  certain  odor  and  then  gives  us  no  indication 
of  the  presence  of  harmful  substances  in  the  air.  This  is  notably  true,  for 
example,  of  those  who  live  in  close,  poorly  ventilated  dwellings.  The  report 
made  by  the  sense  of  smell  as  to  the  quality  of  the  food  is  influenced  largely 
by  conventional  customs,  and  those  differ  according  to  times  and  places.  The 
olfactory  sensations  probably  serve  us  most  by  arousing  and  promoting  the 
desire  for  food. 

It  has  long  been  known  that  only  the  uppermost  part  of  the  mucous  mem- 
brane lining  the  nasal  passages  is  provided  with  the  olfactory  epithelium. 
The  investigations  of  v.  Brunn  have  shown  that  the  region  actually  supplied 
with  olfactory  nerves  extends  over  only  a  relatively  small  part  of  the  superior 
turbinated  hone  and  the  opposite  face  of  the  nasal  septum.  The  epithelium 
here  covers  an  area  somewhat  smaller  than  a  ten-cent  piece  each  side  of  the 
olfactory  cleft,  situated,  therefore,  in  the  roof  of  the  nasal  cavity  as  far 
removed  as  possible  from  the  external  nares. 

Unless  the  act  of  inspiration  is  modified  so  as  to  carry  the  air  directly 
to  the  upper  part  of  the  nose  the  air  current  never  goes  higher  than  the 
anterior  lower  edge  of  the  siiiK.'rior  turbinated  bone  ( Franke)  and  conse- 
quently does  not  pass  over  the  olfactory  region.  Since,  however,  we  experi- 
ence olfactory  .-iensations  in  ordinary  respiration  ami  since  we  have  convincing 
evidence  that  the  normal  excitation  of  the  olfiR-tory  organ  takes  place  by 
means  of  material  particles  in  tlic  air  (fioc  below)  we  must  suppose  that  the 
odoriferous  particles  reach  the  olfactory  cleft  liy  diffusion. 

Since  the  noso  is  always  in  open  communication  with  the  throat,  odoriferous 
substances  can  of  course  always  pass  theiioo  into  th<'  nose  and  so  reach  the 
olfactory  deft.  This  is  what  hapiK'nii  when  we  cut.  While  a  morsel  of  food  is 
bcinK-  rniistirated  vapors  pass  into  the  nasopharynx  and  iiro  then  carried  upward 
into  the  olfactory  rcKiT'  by  the  expired  air.  In  swullowinfj  the  nasal  cavity  is 
closed  off  from  tlie  throat  but  immediately  afterwards  comniunication  ia  reestab- 
lished and  the  folloivinpr  expiration  carries  the  vapor  of  substances  moiateninK 
the  wall  of  the  phHr>-nx  into  the  nose.  It  Is  at  this  moment,  but  not  bo  long 
as  tlif  fluid  rcTnains  in  the  mouth,  that  one  "tastes"  the  aroma  or  the  bouquet 
of  drinks. 

It  was  1bnii;r],[  f,,r  a  ],,ii;r  time  (hat  the  olfactory  organ  is  stimulated  by 
vihratitiris  of  tin:  odorous  substances,  and  that  tlie  organ  of  smell  was.  there- 


fore,  analogous  to  die  orj^n  of  hi^ariii^.  The  i'h'wf  support  of  this  vic«'  waa 
tlial  with  (i-rtain  slron^'ly  tnlorous  i^ubstaiiivs  no  loss  in  w«ight  (xtuJd  bt  de- 
tected with  the  biiliince,  B-hcreaii,  if  it  were  true  that  the  olfactory  organ  wa« 
exeitt-d  by  nialerial  particles  r^t  tree  from  thciii  there  should  lie  HUt-h  a  loss, 
liut  Bcrtholli't  ilonion»iraU'<]  that  rnaterial  parttt-les  are  given  off  fn)m  <Kj<iniuB 
siihrtlHnfc,-*.  Up  plncvd  a  piece  of  eainphor  in  a  vacuum  of  a  barometer;  the 
nienrnry  n(  the  hanirrkeler  uri'duatly  fell,  thus  fihowing  that  small  partielea 
of  camphor  were  given  olf,  that  Ihey  collected  in  the  empty  ^poce  and  cxertcil 
pruasurc  on  the  merrury. 

jViiother  proof  which  we  owe  to  'I'yndall  i."  Ihe  following:  Radiant  heat 
pawvs  through  an  ah!*nlutcly  empty  »paeH  without  hi-itig  ahsorbed;  if,  how- 
vvcr.  a  gas  is  placed  iti  the  path  of  the  heal  raw.  a  groater  or  I«w  amount 
of  heat.  atTording  lu  the  nature  of  the  gas.  u  held  hack  hy  il.  Now  Tyndall 
fthowud  that  an  almo^spherc  whieh  hnil  l«!cn  in  coniact  with  (Kjonms  t«ulw(«neii* 
and  liad  taken  u|>  iU  vikpor.  lllHn^ll^  radiant  heal  to  a  much  great^^r  exleat 
than  pure  atmrwjpheric  air.  'I'lius  the 
vafior  of  pnU'hnuli  abt^orkHl  thirty-two 
times  ac  much  as  air.  oil  of  rose  tliirty- 
iiv  times,  oil  of  ani^  three  hundred 
Bod  scvccty-two  timeit  as  much. 

Odors  are  carried  in  a  ijuiet  almcw- 
]>lifn-  hy  diffiifiifm.  Of  enur^ft  nir  <'ur- 
rertlH  atid  Ihe  liko  alsn  »id  much  in  tlii» 
distribution.  Thi-  carr>'iii«  {M.wcr — i,  v„ 
the  power  of  diffusion — varies  with  dif- 
ferent odorn. 

Johannes  Miillor  and  several  other 
author*  nAMUnied  that  Ihc  partirlt'-s  nf  Fio. 
odoriferoiiH  suhslance  were  i'lr^i  dih- 
solvcd  in  the  minus  covering  the  olfac- 
tory region  and  then  stimulated  the  olfactory  epithelium.  Since,  however,  very 
many  odonnui  iiubftance^  are  very  slightly,  if  at  all.  w^hiMe  in  water,  J^waarde- 
makcr  ha.s  put  forward  the*  hypothejtiit  that  stimulation  lakes  place  hy  tlirrft 
ronttict  of  the  gaseous  irioIwuleH  with  the  cilia  of  the  olfactory  eelU.  Tin?  fact 
that  liihi-j^-e,  g.,  t!ie  dogfish — have  a  well -developed  aeuM  of  smell  speaks 
pretty  definitely  in  favor  of  Mullcr's  view. 

Zwaardcuiaker  ha»  eo\i»t  rucled  n  ^mnll  apperatUR.  the  nifactfimrter  (V\g.  i92). 
for  the  purpcMc  of  titsting  the  aeutemwit  of  tliu  scum-  of  Kmell,  The  ftwcnlial  parts 
(if  thia  apparatui)  are  a  paper  cylinder  and  a  tube  thrmiRh  which  one  may  inhale. 
The  o^liiiiler,  which  can  altui  be  mude  of  filter  putter,  is  dipped  in  the  soenttNl 
fiuid.  and  when  its  pores  nnr  tilled  with  this,  il  ih  withdrawn,  dried  out  and 
huntily  blown  ihrouKb'  Tlie  smellinff  tube,  whieh  fits  exactly  into  the  tubulure 
of  the  cylinder,  is  then  inserted  and  the  olber  end  plac4-il  in  the  naxal  oiieninji. 
The  small  wooden  shield  aerveH  to  keep  the  odor  out  of  the  other  nasal  oprninR. 

When  air  is  inhaled  throORb  the  tube  from  the  cylinder  impregnated  with 
the  odonina  substance  the  number  of  odoriferous  partielea  reachinR  the 
will  vary  inversely  on  the  depth  to  which  the  smelling  tube  h  iiuscrled  into 
cjlindi^t.    I3y  gradualinu  the  lube,  cne  can  thus  make  very  rapid  and  very 
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relative  detennin&tionH  an  to  tbe  acutouetM  of  ibo  olfactory  sense  in  different] 
indiviiluHU. 

The  following  data  by  Padsy  give  some  idea  of  the  qimntitativo  capacity' 
of  this  aonm  in  iimii.  All  iliu  soureea  of  error  iavolveil  tend  to  make  the 
reftulbt  rutlitir  too  high  thau  luo  lew: 

TAg.  pri  lit«'  of  ■It. 

E&wncc  o*  orango 0,n()00.*.-0  001 

Ether 0.0O05-O.0O4 

Csmphor 0.0O5 

The  smallest  value  thus  far  puhliKhed  for  thit  threshold  value  of  the  fM!nsa| 
of  smell  is  that  of  Fischer  and  I'euzoldl.     They  olisi-rvw)  (hat  0.01   nig.  o( 
mcrraptiit)   uniformly  distributed   ihroiijirh   un   flir-light  room  of  230   cubic 
Mielcrii  capacity  utitl  gave  a  faint  hut  distinct  odor.     This  would  be  only 
0.00OOl)iXl4  m;r.  nf  nicrcoptan  per  I.  of  air.  ^^ 

Attempts  have  often  bix?n  made  to  find  a  natural  rhsnficaiton  of  Ihf  odonj^^ 
and  it  cannot  he  denied  that  recent  elTorts  in  thin  direcliun  as  well  as  tha^f 
observations  of   Ilnyrraft  on  the  relation  )>etween  the  ohemieal  constitutional 
and  the;  odor  of  varinUH  «uI»hIjiik-i's  jrive  prniriihe  that  we  shall  some  day  havo 
a  real  claswification.     For  the  jireseut  i  slmll  only  remark  tliat  many  vaporous 
or  gasmns  substances  act  to  a  greater  or  less  extent  upon  the  organs  of  taste 
coBue(.-led  with  the  trigeminal  ncn'C  so  that  the  resiulting  HenKattoii  is  iu  large 
part  at  Ifas^t  the  n-tiult  of  a  giistatorv  cxcitnlion.     Thi.-s  is  (rue  of  all  the  tio- 
i'aIIc<I  pungent  KuliiitiiiiccM  like  chlorin.  iodin.  Iirouiin,  nitrie  acid,  acetic  acid, 
aitini'Hiiii.  oil  of  uiuwttinl,  etc!.     .\efiir(ling  to  Zwaardeiuaker  structureit  are 
found  in  (he  olfuetory  rcjfit^n  which  re^-inljle  the  latite  budii  and  which  miacliate 
the  fiweet  odor  of  cldnraforni.    According  to  Xwgol  we  have  to  do  in  this  case 
with  a  stiintilatiou  of  gustatory  nerves  on  the  pnslerinr  side  of  the  uvula.  ^H 

Although  we  ennnnt  yet  erect  a  natural  svMtein  nf  odors  we  can  sny  defi-^| 
ttitely  that  dilTereut  kinds  of  otfnelory  wn^^ationo,  1o  a  certain  degree  at  leaHt,.^| 
are  mediBt^Hl  by  different  nerves.  Certain  individuaU  who  pouncsw  a  well-^^ 
develn|HtJ  sense  of  snuOl  for  ^me  liuhstnnces  are  iinnble  to  perceive  ibe  odor 
of  .jthers.  Knr  example,  there  are  people  who  cannot  smell  vanilla  and  yet 
are  sensitive  enough  lo  other  odors.  The  same  is  true  of  the  otlor  of  violets. 
We  nrnst  suppose  that  in  Ihesc  people  certain  nerve  fil)er8  or  end  nrgana  are  j 
wonting. 

The  presence  of  different  olfactory  m^rvfs  is  more  definitely  proved  by  thej 
phenomena  of  faligne  ttf  the  olfactory  organ.     For  example,  Aronsobn  ha& 
shown  that  when  this  organ  Ijeronie,-*  fatigued  for  one  o<lor  it  utill  Temainft 
entirely  functional  for  others.     Again,  when  the  sense  of  smell  in  temporarilT 
!oat  as  the  result  of  injury  to  the  olfactory  organ,  it  is  not  recovered  for  all 
odorous  qualities  within  the  same  time — e.g.,  in  one  case,  for  creosote  three  ^j 
days,  skatol  ami  mcTcaptan  four  days,  musk  seventeen  days,  roast  beef  two^| 
months,  etc.  (Rolict).  ^M 

KKfKHESCKn.— F.  Kitaow,  "  aoBchmacksBinii ,"'"  Wnmlt's  Phtlnsophisehe  Stn-^l 
dieii,"  vols.  X.  xii.  i»H,  18M.— W;.  fikrwall,  "  (Jewbmo.-kasinn."  SknndinavUichfs 
Arch,  fur  PkiitiolopU,  vol.  ii,  1S97.— //.  Zwaardtmaker,  "Die  Physiologie  ilea 
(Jonirhes."  I^eipeie.  1805. 


AUDITORY    SENSATIONS 

STIMULI   APPROPRIATE   FOR  THE   ORGAN   OF  HEARING 

Thk  organ  of  hnaring  is  stimulatwl  by  the  vibralions  of  pla^tip  bodiei 
which  we  perceive  &e  wund.  Helmholtx,  wliase  pre*entfllif>n  of  the  flubject  * 
we  .-^linll  follnw  hcn<  in  llic  iiinin.  iliviiU^tt  aiiilitory  iwiisatioi].-'  into  two  j^nps: 
iiaiiK'lv,  iioi!M.w  anil  lIm^ic'lll   ^lues. 

A  musical  tone  is  pri)diR'L-d  hy  regular  periodic  movpments  of  the  sounding 
body,  which  are  eommnnicated  by  it  to  Ibc  air  or  some  other  clnf^tir  medium. 
By  a  rogiilflr  periodic  movement  we  nteiin  a  movement  which  in  repeated  at 
exactly  the  Hnine  iritcrvAl  of  time,  and  nlwuys  exactly  in  the  same  mnnner. 
The  loivjftli  of  ttie  interval  from  the  lK';.'inniti^  of  one  movement  to  the  np,xt 
repetition  of  it  in  called  tlio  wave  h-nplh  or  the  period. 

As  a  rule,  the  vibrolions  are  conveyeil  to  the  ear  through  the  air.  The 
particles  t)f  air  must  therefore  execute  regaiar  periodic  vibrations,  moving  to 
and  fro  within  narrow  limit.-*  so  that  (he  air  is  nllemfltely  condcn'vd  and 
rari'tictl  (wave  crest  and  wave  trough).  Sound  in  prnpagattHJ  in  (he  form  of 
concentric  upherienl  wave*,  new  particlM  of  air  in  all  directions  from  the 
sounding  body  being  successively  set  in  motion. 

Ttiree  qualities  of  sound  are  to  he  distinguished:  loudne^f,  pitch  and 
timbre. 

A.    LOODIfESS 

The  Joudness  of  a  sound  depends  upon  the  ampiitude  of  tht  vibrations. 
The  greater  the  excurHinns  which,  for  example,  a  vibrating  piaiin  string 
dwcrlliet;,  Ihe  louder  is  the  wund  at  a  given  ili.-*tance  from  iU  source.  The 
pieater  ihe  disinnce  from  the  source,  the  weaker  in  the  iiound,  the  loudiKU 
Ijciug  inversely  aa  the  square  of  the  distance. 


B.   PITCH 


Pitch  IB  determined  by  the  vibration  frftjufncif,  or  in  other  words  hy  the 
number  of  vibrations  per  second,  and  i»  independent  of  the  form  of  the  vibra- 
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tion  (luring  the  [lerifKl.    Tlnj  murL-  frL'queut  the  vibrations  in  a  unit  of  liiiit 
i.  e.,  tliL'  sUorter  ihe  j>eriyd — the  liigher  is  the  tone. 

For  an  i-spnsition  of  i\w  fumlaiiienUil  fat-ts  of  thit?  suhjecl  it  in  very  wm-J 
reniunt  to  have  a  HpiviHi  ii])]mralu)i.,  like  the  siren  (l-'ig.  193),  wliieh  iwrmil 
an  vasy  iluterniiimlujit  of  the  number  of  atmospheric  vibrationa  produciuj 
different  tones. 

A  is  n  thin  fUnk  of  pastcbfiarti  or  mttnl  which  is  provided  with  holes  in 
several  otinrriit ric  iinvw  iirnt  jit  i-qiiiil  liislniiifs  from  raoh  other  in  tho  uime  row. 
It  can  be  ^et  in  rapid  rdtatjun  by  tiicanH  of  ihe  Htririff  f  which  rvtnn  ovt-r  tha 
pulley  l>.  Uy  means  of  IIr-  lube  c  »  blast  of  air  of  proper  HirenRth  is  directed 
townni  tme  of  the  mwH  (if  hcilpH.  Kach  huh  tln-Tu-forL-  us  it  paKaL-^  tbf  mouih  of 
the  tube  ]<ls  out  u  siiiglp  pnff  nf  nir  and  thus  when  the  disk  is  rolBted  rapidly 
enoug;h   a  t"in'   is  pmcluced   whtmc   pitch  dcpn^iids   upon  the  number   of   holctf 

blown  ihriiUKb   in  a  secoiii)  of  time. 

This  number  can  be  found  by  ouunt- 

inp  the  n)talio»s. 

Xow  experinient  has  showTj  thmt 
pit<-h  is  ontiroly  independent  of  the 
fizp  of  the  linle,-;  or  the  strenjfth  nt 
the  bhi«t  and  thus  it  is  provM  timl 
piU-h  de[iendK  nnty  on  the  niimlKYJ 
of  vibrations. 

TliP  nenrer  the  row  of  holes  itt-} 
the  renter  of  the  dii^k—i.  e.,  the 
smaller  the  number  blown  through  ^j 
IB  a  single  rotation — the  lower  will  he  the  tone,  the  rate  of  mtntinn  rrmainin^,^| 
the  same.  If  one  row  with  H  and  another  witli  1fi  be  employed  the  tone  pro  ^t 
ducrd  hy  th(?  Inltrr  is  the  orlnve  of  Ihtit  prndiieeil  bv  the  former — i.e..  tlw 
lime  whieh  ronslitiile-s  ilie  lii^'lu^r  octave  of  (he  other  eontftins  within  n  (fiven 
time  cxaetly  twice  >i>>  many  vibrations  as  tlie  ottier.  and  the  ratio  of  the  two 
is  us  I :  S. 

In  the  same  way  the  followinjt  ratios  have  been  fnunfl  to  obtain  between 
the  number  of  Tibration?  of  Ihe  *lifTerent  tone**  ui«d  in  music:  1:2  =  octave; 
2:3^a  fifth;  3;4  =  a  fourth:  4:5=:inajor  third;  5:6=:ininor  third; 
B:8=r  minor  etxth;  .*J :  5  =  majnr  sixth.  Thpj*e  nn*  all  confionant  inti*rvaU 
^.e.,  in  the  oetave  every  second  vibration  oT  the  upper  imte  U-gins  at  the 
anTuo  time  with  one  of  the  lower;  in  the  fifth,  every  third;  in  the  fourth. 
ever>'  fourth,  etc. 

There  is  an  upper  and  a  lower  limit  to  the  frequency  of  periodic  vibratiooa 
capable  of  exciting  the  auditory  orpin. 

Thr*  smallest  number  per  3<>rrmd  whieh  enn  be  heard  b.v  the  human  oar  i«l 
(riven  by  Prrytr  an  I.V24.  b.v  Ilflmboltz  a>^  2K.  \fy  Beznld  usimk  hiiriily  improved^ 
pxiwrimcnlnl  methods  hs  11;  but  soutub*  onl.v  l«'Kin  to  arctuirp  a  definite  tnusiml 
pitch  «t  abtiut  -10  vibratinns  per  aeeniid.  The  hiphcst  number  whieh  can  l» 
hciirdas  adistinet  sound  ncrordinK  loKilehnanii  i-t  in  the  npiphborbood  of  50,000, 
Thr  whole  range  of  percfiitibl^?  soundn  fll-.W.nw)  nniounts  thereforp  in  the 
most  fiivornhlB  cane  to  over  12  octaves.  In  music  only  nbimt  7  wtnvps  (40-4,700 
Tibmlions)  H re  used. 


Fio.  183. — awetwck'n  iiiiwi. 
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C.    TIMBRE 

If  the  name  tone  be  struck  successively  "n  (liffereiit  instruments,  as  the 
•violin,  piano,  clarinet,  flute,  t'tc.  fven  a  nuinically  iiutraitiwl  ear  can  n-aiUly 
dietiiigiiLHli  the  imtrument$.  This  property  of  a  mumieal  lone  wliich  differ* 
with  tlie  iiwtrument  [trodncing  it  is  described  as  the  Umhre  or  quality.  It  i« 
this  property  niso  I»v  which  we  dii'tingtii^h  hiiinnn  Tolecs. 

InaHTiiucIi  as  the  rausc  of  timbre  cannot  lie  in  the  frequency  nn-r  Iho 
•niplitude  of  the-  vibrations,  it  must  be  referred  tn  divtimihritifx  in  their 
fnrm.  To  n  eerlnin  extent  ali^o  it  iH  due  Id  the  way  in  whieU  the  tone  is 
struck. 

How  is  IhU  difference  in  form  of  tho  vibration  to  be  explained?  When 
a  piano  string  is  set  in  vibration  the  pitch  of  the  tone  produced  depends  npnn 
twi)  things;  the  length  of  the  part  TihratJnjr.  and  the  Unction  of  the  string. 
Tho  tt'Hsion  remaining  the  samt'.  ihi-  Inii>.'er  Ihf  vibrating  part  the  det^pcr  the 
pituli.  If  the  operator  touch  the  iittddti^  of  a  string  lightly  with  hiis  finger 
and  then  cause  it  to  vibrate,  each  half  will  vibrate  independcnily  and  ao 
twice  as  many  vibrationa  per  second  are  made  as,  by  the  whole  string.  The 
tone  prodticed  i^  therefore  (he  iietave  of  the  lone  given  by  the  irboli'  ^ilring, 
In  the  same  way  a  .string  ran  he  caused  to  vibrate  in  third3  and  fourlbs,  flc, 
and  the  number  of  vibrations  of  the  i>orronpf>nding  lone  will  then  bo  three, 
four,  etc.  limes  as  high  an  that  of  the  whole  string. 

Now  whenever  the  string  vibrates  a.*  a  whole,  i(  divideu  itielf  spontane- 
ously iiiio  Iwo,  Ihn'e.  four.  five,  etc.,  vibrating  parts,  tlenee,  it  gives  in 
addition  to  Jla  fundamental  tone  other  tones  whose  vibration  fre(|uencie!t  are 
two,  three,  etc.,  times  as  great  as  the  fundamental,  all  of  them  fusw!  into 
tho  p<wuliar  sound  of  thai  particular  string.  Tfie  tones  produced  by  the 
parlial  vibration!!  of  the  string  are  railed  the  ovorlonc*  or  partial  tones,  and 
when  Ihf  vibration  frequency  nf  the  overtones  is  a  muliiple  of  that  <if  the 
fiindamimlal.  they  are  called  harmonious  overtonea.  The  harmonious  over- 
tonea  for  c  are  given  in  the  following  example: 
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WTial  has  been  said  of  the  piano  string  is  true  for  musical  inatromentB 
in  general,  inclusive  of  the  burnun  voice.  But  there  are  sounds  which  are 
fairly  free  of  overtones  and  so  consist  of  a  simple  tone  onlv — as,  e.g..  the 
proper  sound  of  a  tuning  fork.  Such  tone--^  are  unusuallv  soft,  and  free  from 
sharpness  or  roughness.  Comparing  the  timlire  of  a  simple  tone  with  that 
of  a  compound  tone,  including  its  lower  harmonious  overtones,  the  latter  is 
found  to  bo  fuller  sounding,  more  metallic  and  brighter  than  the  simple  tone. 

Since  by  far  the  greater  numher  of  tones  are  compound  it  is  evident  that 
any  variation  in  the  numlier  or  intcnaity  of  the  nvertonet*  will  prrxlnce  some 
difference  in  the  character  of  the  tone;  hence  we  may  point  to  differences 
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in  the  accompanying  overtones  as  very  probably  the  cause  of  difference  in 
timbre. 

There  remains  for  us  yet  to  consider  how  it  is  possible  for  the  ear  to 
perceive  the  differences  in  the  form  of  vibration  caused  by  the  overtones. 

The  effect  of  overtones  in  altering  the  form  of  vibration  may  be  repre- 
sented diagram  matically  as  in  Fig.  194.  a'  a'  is  the  base  line  of  reference,  the 
dotted  lines  a,  6,  and  c  represent  the  vibrations  of  a  fundamental  tone  (a) 
and  its  first  two  overtones;  the  solid  line  d  is  the  resulting  vibration  produced 
by  interference  of  the  three.  It  is  evident  that  notwithstanding  the  change 
in  form  of  the  vil)ration  the  period  of  the  fundamental  tone  remains 
unchanged. 

But  if  these  partial  tones  are  not  to  be  regarded  as  mere  mathematical 
fictions,  if  they  have  a  real  existence,  they  should  produce  some  mechanical 
effect  which  is  recognizable.  Such  an  effect  we  find  in  the  phenomenon  of 
sympathetic  vibration  (resonance),  occurring  in  all  bodies  which,  once  they 
are  given  the  impetus,  run  through  a  series  of  different  vibrations  before  they 
come  to  rest.  The  simplest  example  of  this  is  witnessed  when  a  certain  note 
is  sung  into  a  piano.  The  same  note  is  given  back  by  the  piano,  its  intensity 
bearing  a  direct  relation  to  the  exactness  with  which  the  note  of  a  particular 
string  is  struck  by  the  voice.  Sympathetic  vibrations  between  bodies  pro- 
ducing compound  tones  can  be  aroused  even  in  case  the  vibration  frequency 
is  not  exactly  reproduced,  and  this  takes  place  more  readily  the  smaller  the 
mass  of  the  sympathetic  body  (e.  g.,  a  catgut  string  responds  more  readily 


Flo.  194. — Schema  illiuitrtilinK  the  relation  of  overtones  to  thcirfumlftmental  tone,  after  Henaen. 

than  a  wire  f^trinp  of  the  same  diameter).  But  it  is  much  more  difficult  to 
induce  sympathetic  vil)ration,=!  from  a  body  which  give.s  no  overtones — e.  g.. 
from  a  tuning-fork — because  it  will  respond  only  to  its  own  particular  form 
of  vibration. 

It  hns  been  phown  that  a  membrane  adapted  to  a  cfrtain  tone  also  exhibits 
the  phonnincnnn  of  sympathetic  vibrations,  if  a  lower  tone,  which  contains 
the  tone  of  tlie  membrane  amonji  its  overtones,  is  sounded.  The  tympanic 
membrane  of  llie  ear  is  iir>t  (idapled  tn  any  one  tnne^ — i.  e..  has  no  fundamental 
tone — hence  docs  not  select  anv  sin^jle  tone  bv  rcsoniinee. 
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The  acLunl  presmce  «if  oTerloiies  can  be  dcinonBtrHtPd  stiU  more  clearly 
by  Ui*-  ufte  tif  tin-  Hclriiholtz  nf«uiiutors.  These  may  have  different  formB,  Th« 
out'  shown  ill  Fig.  1H5  hati  the  form  of  a  liolluw  »i)1ut«,  one  niK'ning  (a)  of 
which  ends  abniplly,  while  ibe  other  (b)  h  Umwu  »i]t  fiiiirtellike  and  so  ahaped 
an  to  fit  into  the  ear.  The  air  (if  ^uch  n  rcsoiifltnr  in  eonjuiiic-tinn  with  tbut  ut 
the  auditory  pasoHffe  amj  the  eardrum  forms  an  elastic  cystfiii,  whieh  inl^iixifios 
the  fuutluiucutal  luue  of  tht-  sphere.  Of  eoiirse,  one  enrt  hove  a  whole  scricA 
«f  reiMinators  ndapted  to  the  different  tone*.  If  now  a  certain  resonator  be 
plaecd  to  the  enr  and  the  attention  in  direeted  t<i  a  tiound  or  ecries  of  sounda 
ill  which  the  jmrricular  tone  of  that  retumator  wciint,  this  lone  will  hv  inteosi- 
fied  to  so  irreat  an  extent  that  it  can  readily  he  heard  above  ibe  others. 

Thtwo  and  other  observfltionfi  whieh  we  eannnt  go  into  here  make  it  per- 
fectly eerlflin  that  the  different  ovetlones  actually  exist  in  enrnpound  tflnes. 

Tho  following  ejtppriment  show.-)  di- 
rcetty  that  the  rur  aho  ran  rrceivr  ihrM 
ovvrtimes  aud  is  thiTefore  seasilivo  to  each 
end  every  simple  vibration  of  this  kind. 
If  the  tone  (f  of  the  firsit  wtave  In-  Hlrucrk 
on.  the  piano  and  iniino<lifttely  (ifterward* 
the  lone  V  of  wliieh  *;  is  the  second  over- 
tone and  the  niteiition  be  directed  steadily 
to  Q.  one  can  hear  il  in  the  toiie  r,  after  the 
g  Ktring  ha.-*  reaNwl  vihruling.  In  the  i^amo 
way  i>nc*  caii  convince  himself  that  e  of 
tlic  i^-NCiind  oi>lavc  i»4  one  of  Hie  overtones  na  las.— itMoiunar  of  iicimhoita. 
of  r.     Often  the  overtonei*  become  clearer     . 

a.--  the  atrinjt  confics  to  vibmtc.  for  it  appears  that  they  die  out  more  elowly 
than  the  fundamental  tone. 

The  ability  of  the  ear  to  analyzf  sournii  into  their  coni^tituGntii  in  attetttetl 
by  our  every-ilay  experieiieeH  that  we  can  easily  distiojTuish  the  individual 
tones  of  au  orpan  Ihoufih  only  a  person  minicnlly  trained  can  name  them. 

The  facts  which  tnake  it  possible  for  the  car  to  analyze  mund  may  be 
Bummarized  brietly  ns  follows.  Svcrp  morernvnt  of  ikf  atmorpherf  which 
reprmfnlM  a  ompoiimt  of  tnnat  cnn  If  rf^talved  into  a  number  of  itimpte 
ftFnduUimlikf  vihmiions.  and  fur  enrh  surh  vibration  thrre  ia  a  tone  per- 
reptihie  to  thf  tar  whour  pitrlt  w  drtrrmined  by  the  ribraliim  frequency  of 
thr  atmonpheric  movement  (tHin)**  lawl. 

How  does  the  ear  acrompIi«h  thi.-«  anal,^"si8?  Since  the  endingft  of  the 
auditory  nerve  arc  found  in  the  internal  ear.  it  is*  plain  that  analysis  of  i*ound 
must  take  plaw>  there,  also  thai  sounds  itm«t  l>e  transmitted  thither  without 
any  r«n)*iderable  chan^fiv  These  phenomena  will  occupy  ufi  in  the  pages  imme- 
tUately  foltowiug. 
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TI»o  external  and  nii<idle  ear  to;iellier  t*»ns(itnte  merely  an  apparatus  for 
the  trnnsmiMtion  of  8ound.  and  cnn'ful  invt^tligation  of  audilort'  sensations 
has  shown  that  this  apparatus  is  able  to  tratxsmit  sound  waves  to  the  internal 
ear  without  anv  considerable  moditicfltion 
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A.    THE   EXTERNAL  EAR 

Siuce,  owing  to  the  feeble  devflopment  of  the  ear  muscles,  the  humui 
pinna  L-amio1  Ix'  turned  in  (iilTtrerit  ilinvtions,  it  is  of  but  ijight  service  in 
tlie  L-iillui-liu]!  Ill  H)un(l  witvL^H.  Ii  Imc^  lH3en  ;^ho\^-n  nUo  that  the  rufleciioa 
of  sound  waves  Ijy  the  pinna  is  c»f  no  import  an  ci?  (Elarless.  Mach). 

Tim  exli^rnal  audiiury  meatus  ought  probahly  lo  be  d(s«TiI)ed  as  a  meaoa 
of  pmtcction  for  the  cardruui.  The  indirect  course  of  the  canal  itself  favors 
thig  vi(?w.  sinoi?  in  order  to  seo  the  drum  th?  pinna  must  he  drawn  considerably 
upward  and  luu-kwtird.  HcHiden,  lliif^  eanul  if  pnnidwl  with  (Sensitive  liairt 
whifh  together  with  the  disagreeable  odor  of  the  earwax  secreted  in  the  canal 
sen'e  to  prwcnt  the  entranee  of  insects.  The  passage  also  protects  the  middle 
and  iuttimal  ear  from  variations  of  leniperature. 

Like  ^every  bollow  space  of  the  kind  the  external  auditory  meaTua  has  its 

own  refioiiaiy-'e  tune,  situated  hetwei'ii  f'^  and  o'^  '  (HeUiihohi!.  Henaeii).     If  this 

tone  Ijc  wJftflined  in  a  snutid.  naruratly  it  will  be  intensified  above  other  tones 

k  by  thf  symimihoiic  vlhratiun  of  thf  air 

ill    thtr   eanal.   but   owiii(C    ti>    its    hit;ii 

position  in  the  scale  ita  resoaauce  ts 

.^     2E^k        ^  ,-'?  «f  n^^  (jreat  eciniii<qut-uce  fntm  a  pntoli- 

cn]  standpoint. 
.^  A   tuiviiiK   fork  allowed    tu  (lit*  out 

.■i-.vA-  until  Lhu  vibrations  are  just  impercep- 

tible when  it  is  hold  eh>M>  to  the  ear, 
<?nn  he.  heard  ufcain  if  the  handle  be 
phu-^.'d  between  the  teeth.  In  thi$  ease 
the  sound  is  conducted  in  port  directly 
ihroutfh  thp  bones  of  the  head  to  the 
intomal  car  and  in  part  in  transmitttvl 
frnni  the  hone)*  In  the  Wirdriiin  and 
propagated  thence  as  usual  through 
Lho  audilury  osaielcs. 


I 

4 


B.   THE  MIDDLE  EAR 

1.  Vihraiions  of  the  Eardnim.^1 
The  tympanic  membrane  or  cordrum' 
is  a  fihrou.s  ini'tnbrane  O.I  mm.  id 
thielniesfi.  forniw!  mainly  of  external 
radial  and  internal  circular  fil>ers.  It 
is  obliquely  placed  acnitw  the  internal 
end  of  the  external  auditor^'  meatus 
and  i.i  drawn  inward  at  its  middle  hj 
the  long  pro<>e.sj«  of  the  raallfiis  vhici^ 
is  insertud  into  itK  tisnuc  nhm^  one  o 

tt:a  radii.    In  tliis  way  the  membrane  is  given  the  form  of  a  shallon*,  invgiilHr 

funnel  with  an  ajR-rture  of  alKiul  ii'}"  (Fig.  intl). 


Via.  196.— Truuavpiw  Mclion  thraugli  th«  Irft 
HU<lit<iry  conAl  juiil  tympiuiic  mcmbran*  or 
liiiiii.  <-iil(ir|<Lxl  four  litiitv,  nftrr  llpnwn. 
TIk-  sLvtion  in  takm  juel.  bpliiml  the  linndle 
of  llio  huininpr  in  a  pluic  jinmllH  to  llip 
liimdlo.  fl,  rxtprnfll  aitcLitciry  mrntii.i:  C. 
tyin[mnic  i-ovity ;  .V,  tlin  iH«pw ,  ft,  tlie  haiii- 
mw;  ft  IMko  projpci*  at  L,  In  wliicli  lh«- 
ligknumla  luw  iLtttmlinl,  Ttelwevn  (he  laiijt 
prmww  of  tli«  ivnvil  nnd  Mir  liiiixiHc  of  Itir 
IiatiimrT  ihp  tiwitan  of  ttie  twiNor  lynipbni 
may  be  *eeii :  LS,  ligMnrnI  uni  »in>criof. 
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Thu  mumbrano  is  set  in  vibration  by  the  oscillations  of  the  atiiiot^phpre 
and  i*  so  arranged  that  it  dnea  imt  fAvor  any  pflrticular  tone. 

Pick  has  worked  out  the  followiiij;  cnmn'ptioii  of  the  mwhanirs  of  the 
drum.  The  nidii  from  the  tip  ot  lln*  long  process  of  tiie  nialleun  to  the 
pcriphi-ry  of  thv  tiniiii  Winfj  of  diffprcnt  lonfclhs,  tho  dilTeivnt  s(vtf>rs  nf 
the  drum  may  In;  lonki'd  ujion  a.s  to  a  pertain  extort  indcpondt^nt  of  ^'aeh 
oUwr.  If  they  were  enlirelr  independent  strands,  caoh  would  vibrate  in  rr- 
BponsG  to  its  own  pnrticiilflr  tone.  Being  jnined  together  into  a  memhrane 
they  do  nnt  Ihus  neleol  individual  inneH,  althtjugli  wparalf  parl5  can  lie  thrown 
iiit'i  Ht-timi  uithoui  moving'  distant  jiarla  vori'  much.  Coniwqueully,  lwau»e 
of   the    summation   of    f^uccest^ivc 

vibrations,  regular  periodic  move-  -  ^ 

mi'nl.i  are  more  favorably  received 
hy  till'  drum  than  hiiijilc  vibra- 
tions. And  yet  vibrations  of  any 
form  or  frL-quoncy  are  faithfully 
trant^mitted  to  the  handle  of  the 
malleus,  for  ainonn  tlic  set-ton* 
and  t«e>;iiu*nts  n(  the  uiifinbraDe 
there  are  always  »ome  which  arc 
suited  to  the  conipniienl  vilira- 
tioiu.  Sinw.  linweviT.  I  he  nial- 
leiu  is  a  ri^fid  liodv  and  l'ihi  only 
vibrate  at^  a  whole,  uU  the  eom- 
poDonlfi  will  be  represented  in  the 
form  of  it.t  movements. 

The  |HX'iiUfir  form  of  the  tym- 
panic membrane  is  of  special  sig- 
nificanee  in  another  resptH.'t  alfo; 

the  sound  wavi»  cunve^gi^^  toward  the  middle  point  arc  damped — Le.,  dimin- 
ished— in  amplitude,  but  are  inercasw!  in  intensity.  Thi^  aids  greatly  in  the 
lrBU.-< million  of  vihrHtiimx  to  the  ]>erdYinph  ( llelinholtz). 

2.  Tkr  A  uditort/  f>A«ir/«. — For  the  anatomical  details  of  the  auditory 
osflicles  the  reader  is  referred  to  text-liooki*  iif  anatomy.  We  jjjve  hen*  briefly 
only  the  facte  with  refereaee  to  their  nimk*  of  atlachmenl*.  as  raa^ie  out  by 
Ilenscn  and  Sohwall>e,  which  are  of  most  imporlanco  for  an  understanding 
of  their  phypiiologieal  purjMHM-  (Kigs.  196  and  l!)7). 

The  matlrut.  or  hammer,  w  nttftched  tn  the  wall  of  the  tympanic  cavity  by 
thrw  liffuraentp  (Fitr.  lit").  The  first  of  thew.  the  anterior,  pujw**  from  the 
prorfRxus  lonQUs  iind  iinjund  itit  bnne  partly  to  the  larger  spine  of  the  lyin- 
pariiim  {Sp.  m.),  pnrily  throviRh  the  (llnsenan  fUaure  to  the  annular  spine  of 
the  Hphrtioid  bond.  Thi-  »eeond  or  external  lipament  {Lig.  txl.)  \*  a  ?hort  tense 
band  which  aprinpi  from  the  whole  poslerior  half  of  the  notoh  nf  Kivinitt  as 
far  an  the  i*mnller  spine  of  the  tympanum  opposite  the  hammer,  and  from  this 
relatively  lonK  line  of  inaertion  its  fibers  eonverRB  to  the  cnsta  maUti.  The 
third  or  superior  ligament  (Fi^.  196,  LS)  limits  the  movability  of  the  ossicles 
downward. 

The  lip  of  thff  short  U-r  of  the  inru«  is  fixed  by  means  of  a  stronfr  lifmracnt 
(Ugamentum  iucudii  pg«torius>  to  the  opposite  wall  of  the  tympanic  cavity. 


J>.-. 


Flo.  197,— Nr»fly  hnriionUl  myUod  llirotigh  the 
tyiuiMUlif;  ciniiy.  CT,  of  the  riRlil  vat,  vnUrxMi 
(ouf  lioifR,  tStrr  I  lrii»f II  The  sci'tion  in  t«krn 
juKt  iibovc  ihr  nuii-h  of  HU-tiiu.«  unl  vprtiraJ  in 
llic  pX^av  iif  t'ig.  IV6.  //.  uiiiliitl  n\s,r  t4  iIm 
Imd  of  ttic  httiiinicr.  .1.  iui\-il.  The  tisuiirn- 
tum  uiilcriiu,  /'if/-  n.,  is  h*^i  «|>riii)tiiifl  trLiiii  tlie 
lantM-  pron-iw.  !^p.  m,  »( th*  w*'l  of  IJip  timipwiic 
Vlivily  iiiiil  iiiuwjiig  lo  lliT  Imrniiipr  «ln-r«>  it  \v- 
runm  cuiitiTLiiuii-i  with  ihr  lif^mi-tiltirn  tatmlr'. 
IJ  at  Ihr  ittivil-linminrr  jiint.  Tlic  lijcnnirnliim 
cxlcniuui,  l.ij/.  txl.  9\)naw^  Ibe  uotdi  of  Rivioiu 
«nil  pBOMB  to  the  buanwr. 
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Wlien  Iho  tympanic  meinbraiiu  uiovee  in  and  out  in  r««poiutc  to  the  at- 
mospheric   vibralioDB    the    handle    of    the    liammcr    naturally    movi-s    with 
it;  but   Ilie  head   of   the   hanimiT   movo.-*   in   the   oppoBito   direction.      Too 
greiit   an   exciireion   of   the   handle   outward    is   pres'outed   Ijy   the   extem 
ligament. 

The  innt«  articulates  with  the  hond  of  the  nmlleus  by  means  of  a  pwulinr  ^^ 
EAddle-ahnped  joint,  the  physiological  significftnco  of  vhich  has  been  pointed  ^| 
out  by  IlGlmholtK.    This  joint  i;*  provided  with  ratchet  teeth,  which,  aft  will  ^^ 
be  evident  From  inspection  of  Fig.  li>8.  engafj^  each  other  in  wuch  a  way  Ihat 
the  incus  is  carried  along  with  every  movement  of  the  inanubriuni   inward. 
while  Ihey  arc  disengaged  when  the  manibrium  moves  outward.     In  this  way 

the  diin^;r  iif  t(>aring  the  t^tapc^  from  ila 
Tii'^tening  in  the  foramen  ovali^*  when  the 
lyrnpanic  memhrunc  is  for  any  rcjison  pushed 
outward,  ii^  diminished.  Ilclnihnltz  iwtimatos 
that  tlio  hammer  can  W  rotated  five  d<ef;Teeft 
outward  without  carryin;*  ihe  anvil  with  it. 
if  we  imagine  the  hatnmer  and  anvil 
locked  together  by  their  ratchet  tcelh  so  ihat,, 
the  two  move  inward  as  one  solid  body,  ths' 
nysteni  formed  hy  the  two  ossicles  can  Ita 
regftnli'd  an  a  one-nniu'd  lever,  the  fiilcriiin 
of  wliich  lie^  where  the  apex  of  the  short 
pnK-e.x.')  of  the  nnvil  i.s  supported  against  the 
wall  of  the  tympanic  cnvily.  The  tip  of 
the  manubrium  contttituteit  the  point  whera 
Ihe  power  h  applied,  the  apex  of  the  long 
process  of  the  anvil  the  point  where  (he  load 
— i.  c,  the  stapes — is  acted  upon,  The<« 
three  point.'*  lie  alnnwt  exactly  in  a  i^tniight 
line,  the  joint  helweeii  the  etapes  and  anviL 
lying  only  a  little  insida  the  line  joining' 
the  other  two.  The  lever  a  a  (Fig.  198)  is  about  y.5  mm.  long,  the  shnrt  an 
firtwctm  the  two  apices  of  the  anvil  being  about  ti.3  mm. — i.  e.,  just  two-third» 
of  the  long  nrui. 

It  follows  that  when  the  hammer  and  anvil  arc  firmly  engaged,  the  excur- 
sion of  llie  imiiH-Mliipi.'rf  joint  is  only  two-thirds  that  of  the  apex  of  the  cnanu- 
hrium,  but  tlio  pressure  which  the  stapes  exerts  on  the  oval  window  is  nne 
and  one-half  times  as  great  as  that  which  acM  upon  the  apei  of  the  manu- 
brium (HchiihoUz). 

The  top  of  the  stapes  is  attached  by  a  strong  ligament  to  the  long  process 
of  the  incHS,  and  its  bu.so  is  fastened  into  the  fenestra  ovalis  hy  means  of  a 
thin  membrane.  The  stapes  must  accompany  all  the  movements  of  the  long 
process  of  the  incus,  so  that  when  Ihe  tympanic  mcmhranc  movea  inwari5.  the 
base  of  the  stapes  in  pressed  into  the  labyrinth.  At  the  same  time  there  takes 
place  a  slight  rotation  of  the  stnpea  around  the  long  axis  of  its  base.  A  timit 
in  set  to  the  movement  of  llio  base  inward  by  the  resistance  of  the  membrane 
holding  it  in  the  oval  window. 


Fici.  IfHi. — ■llajnmpr  nnil  iinvll,  nftT 
llolmhultii.  PK,  prtiiM*fciu-H  l-'iilm- 
nuj<;  Tl,  t«iiiHir  tynipiuii;  h,  mtclipt 
loatb  at  the  utvil. 
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PolitJwr  att8cli«<.l  threads  to  tbo  malleus  nnil  iticue  atid  reconivd  Ihvir  moTe* 
mcnts  on  a  revolvinB  drum.  In  this  way  be  whs  able  to  show  by  diiw^  experi- 
ment what  in  xupporKil  hIho  by  ihonrrtieal  r»n5idoratir>nn,  Tinniely,  that  sound 
is  traiiflmittcd  from  the  tympanic  mcmbmnf  to  the  labyrinth  by  molar  moTc- 
meata  of  tbo  auditory  oMiclett  and  not  by  molecular  movements. 

The  round  innduip  is  cIosM  hy  ji  tliin  mrmViranf  bftthwl  on  1hp  inside  by 
thi(  perilymph.  Th«  jwrilymph  heinj;  inconiprftwible,  this  memhranc  in  aU 
likelihnnd  constitutes  an  arranjiemetit  hy  whifh  the  moTemcnt  of  Ihc  stspcs 
inward  ran  1h?  eompensaU'd  hy  an  equal  movement  outward.  The  endnI\Tnph 
hus  a  similar  protective  devira  in  the  duetiw  ondolymphaticns,  which  is  con- 
necteil  nn  the  one  tmnd  with  iho  utrit-lo  and  ■iamilp  nnd  by  these  with  the 
iK'iila  mtiliii  (if  tilt*  rcK'liIfti.  mid  on  thu  otlu-r  put^K-h  through  the  pelrouK  bone 
and  terminates  on  its  pc«terior  surfaco  in  a  little  vediclu  underneath  the  dura 
matcr. 

Th«  round  window  mittht  also  serve  for  the  purpose  of  convt-yinp  vibralitin* 
to  ihi-  pcril.vinph.  and  this  in  fact  has  been  obtwrvcd  when  the  oval  window 
was  ri|;i(lly  cloned. 

Hy  means  of  n  onpillary  manometer  introduced  into  the  superior  aemi* 
(.■iri-uliir  eiHud,  Itfzold  wiw  able  to  determine  the  extent  of  the  movementa 
dewrilifd  by  the  ecmduetin^  apparatus  nf  thB  humun  ear  with  the  tympanic 
cnvily  ojien.  Thi:  inttKinium  movement  of  the  manuhriuvi  causwl  by  varialiona 
of  Bliimspherie  pn'ssun-  in  Ihe  extertial  auditory  ninnl  was  about  O.Tfi  mm. 
f^l^^n  one  extreme  to  Ihc  other,  uno-third  of  this  being  the  movement  inward 
and  two-thirdit  the  movement  outward. 

As  Bezold  remarks,  this  difference  between  the  movement  inward  and  out- 
uard  i^  dillicult  to  harmonize  with  an  exaet  transmission  of  sound  waveK.  and 
probably  would  not  orcur  under  normal  ciroum stances.  As  a  matter  of  fact 
we  Iiavii  in  tlic  mtrrnal  muj^rirs  of  the.  ear  a  dt'vici!  which  in  life  might  correct 
this  lack  of  coiirdiuation  observed  after  death. 

Thcw  are  the  lenti/jr  iympant  and  the  niapedius  muscles,  the  former  inner- 
valeil  in  the  main  by  the  trigeminal  nerve,  the  latter  by  the  facial.  The 
U^HHor  tympani  flrnws  the  manubrium  inwarrl  anil  Ihcrchy  pre^wes  the  stapes 
farther  into  the  labyrinth.  It  si>rveti  thus  to  k(<ep  the  ehain  of  ossicles  '*  keyed 
up."  Seetton  of  its  tetidou  permits  a  moilerate  magnification  of  the  movement 
of  the  whole  chain  and  the  increase  ta  almost  exclusiroly  in  the  outward 
movement  (Heboid). 

Ex|>rrimentfl  on  dogs  have  shown  that  the  tmaor  tympani  oontracta  reflexly 

to  Hcnnalic  stimuli  (Ilpiisen,  TIsmmerachlaK  *t  «(.>  nctiuii  throimh  cuboortical 
wnJent  not  hijfber  timii  the  posterior  corpora  qundnKPniina  (Ostmann). 

Ileiiseii  locks  upc^n  ihi*  tensor  tymptuii  as  an  apparatus  for  aeci>mmodalin« 
the  ear  in  Uslcninir  to  faint  sounds,  and  cites  as  eridence  the  fact  that  a  weak 
sound  becomes  stroniter  for  the  moment  when  strnnff  motor  impulsM  are  Mnt 
onf,  sny  to  the  muscles  of  the  face  or  limbs.  The  explanation  would  be  liiat 
impiilnefi  are  at  the  same  time  sent  to  the  lensf>r  lynipani  muscle, 

Otitmann  would  ascribe  this  function  to  the  stapedius. 

3,  The  Ti/tnpinic  VavUy  and  Eustachian  Tube. — In  order  that  the  middle 
ear  may  fulfill  itji  purpose  of  transuiilling  tlte  vibrations  of  the  atmospbere 
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to  the  labyriiitli  to  the  l>cst  ndrantn^rp,  it  U  neec?sary  that  all  extraneous 
vihrati(»iiiJ  Ik.-  uxclmled  a*  far  aa  pai-iiblo.  MoRHiver.  the  tympanic  cavity 
oujjht,  if  passible  at  all,  to  have  no  loni!  of  its  own.  and  finally  "o  difference 
of  atmospheric  pressure,  at  least  nu  permaiiuut  differuaee,  ought  to  obtain 
lietwi't'ii  the  tympanic  cavity  and  iho  i>utsiilo  air. 

Thpiw  rc^nircnionts  ism  siitht-if-ntly  fidt'illcd,  one  can  readily  sec.  hy  flio 
htnielure  of  Lhi'  {tfmjuinir  ravitij.  thin  being  at  ouce  ruthtr  small  and  very 
irregular  in  shape,  ^u  that  roxoiiano  to  special  tone*  is  prevented. 

The  preasure  inttide  the  tympanic  cavily  is  rcKulaled  tliifingti  il»e  Eusta- 
chian tube  com munica ting  with  the  throat.  Nnniially  thitt  lube  id  rather 
tijilitly  elns(Hl,  lull  it  is  often  npt^nod — as,  e.g.,  in  swallowing.  Since  it  is  in 
thii*  way  that  the  prej*ure  inside  and  out.«idc  the  tyinpanie  cavity  ia  cqualizod, 
it  in  wfll  f(ir  »  person  ineloiiefl  within  a  pncnmalic  cabinet,  where  the  air 
pressure  is  con.-*ideralily  intTcaHCiJ,  (<i  swallow  rrei|iicntly.  Tlie  tulie  i^  opened 
aUn  in  strong  ini^piration  and  in  phonatiott.  although  to  a  Icm  extent  than  in 
swallowing. 

The  Eustachian  tube  is  linL-d  with  a  ciliated  epithdiuia  which  prubably 
cerves  to  drive  die  mucu»,  eta,  toward  the  throat. 

g  3.    EXCITATION   OF  THE   AUDITORY   NERVE 

The  vibrations  of  the  stapes  are  tmnsmitted  tn  the  perilymph,  and  tl 
in  turn  set  the  endolyinpli  iu  vibration. 

A.    THE  RESONATORS  IR  THE  COCHLEA 

We  have  already  ri-maiked  that  the  analysis  of  sound  leada  us  to  acsutne 
that  tlie  tlilTereiU  piTirptihle  tsoiirni'  buve  llieir  apprnpriate  remnators  in  th«» 
ear.  But  it  is  possible  also  to  imagine  that  the  (ibers  t>f  the  auditory  nen-e 
themselves  are  thrown  by  iho  endolympli  into  vibrations  which  agree  exactly 
with  those  of  the  eondueting  apparatus.  Apainst  this  hypothesis,  however, 
several  objections  may  be  urged,  chief  of  which  is  that  wc  have  nowhere  elso 
in  physiology  any  analogous  prodiiclinri  in  a  nerve  itwtf  of  4C».000  or  50.000 
molecular  vibrations  per  secoml.  IVesides.  there  are  sotne  observations  which 
|a|ipear  to  s[M'ak  directly  in  favor  of  the  resonance  thonrv.  For  example. 
Behold  bus  found  by  means  of  an  imitnimcnt  which  enabled  him  to  vary  tho 
number  of  vibrations  \\cr  uecond  from  that  of  the  lowest  sound  to  that  of  tKe 
highest,  without  any  nmissinns.  that  for  different  individual  (here  are  j^ps 
of  greater  or  les-a  size  iu  Ihe  series  of  perwptihle  tonp.'^.  Some  show  defocta 
both  in  the  upper  and  the  lower  ends  of  the  scries,  others  only  in  the  loirer, 
and  still  others  only  in  the  upper  end.  flaps  of  varyins;  extent  oeeiir  also  at 
different  places  alonp  the  course  of  Iho  scale.  All  of  thorn  can  he  explained 
by  supposing  that  Ihe  corresponding  re-sonators  are  wanting. 

That  the  fiben-  of  the  auditory  nerve  arc  not  set  in  vibration  directly  by 
the  vibrations  of  the  endolymph  is  indicated  by  the  following  considcratjnnii 
with  re/erenpe  In  fatigue  of  the  ear:  ^^ 

If  the  TibrfttinnK  of  a   tuninfi  fork  in  a  distant  room  be  Imniitnittcd  by  ^^i 
means  of  two  Idephonee  to  the  two  ears,  the  lone  will  appear  to  bt  located 
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RXnetly  in  th<*  mid  tini?  of  tlio  llc^ad.  If  it  be  irniismittpd  to  only  onr  par  fnr  a 
tittift.  and  tht'ti  tin-  two  tidrphoni-fi  bi^  iiM>d  Hgniii.  tli**  Iotw  apin-iiri  now  to  be 
on  ibe  sidf  of  the  ear  whit-h  was  rcstirifC-  If  in  thi:*  way  thr  om-  <iir  be  fatigued 
for  a  till!*"  say  ttf  3GU  vibrations  |M-r  wcfmil.  and  imim-iliatt^ly  Bfterwar<]s  one  of 
3lj5  vibrutioiiii  bt'  trutiFimittcd  lo  both  var*,  thv  onv  fiititriii^  fur  360  vibrMtii:>iiH 
will  allow  iio  triwe  of  futieuo  fur  Ihi"  new  tone.  It  is  difficult  to  wp  h"w  The 
npfVfl  fibers  rould  her  rxcitt'd  dirwtly  by  nno  of  tho»o  tows  and  not  by  tbf  olh«r. 
The  ditficulty  di^tjiiiiKtnra  by  »u|i|HMiiig  ihal  cnvh  )ia»  n  re<u)tiittor  which  is  not 
affected  by  the  other. 

We  can  think  of  the  analysis  of  tones,  therefore,  as  follows:  Tn  th*?  inlp.rnal 
<Mr  tlion'  ari'  a  larj;!.'  iniinbtT  of  rc,w;m/wrs  adapliil  for  different  Umv^.  which 
are  call<>«l  into  ptav  If  the  Mjipmpriale  vibralirms  an*  trai)hiiiit1t>(i  to  Iho  t'ndo- 
lynii)h.  Kaph  of  thuwe  resonators  in  some  way  affecl-*  a  nerve  fiber.  The 
excitation  thus  aroused  is  trajismitlyd  to  the  brain  and  Ihrr^.  arconlinR  to 
the  nfirvc  filwr  which  brin^  it.  jfivM  rise  to  a  perception  of  one*  tnno  or  another. 

In  order  lo  tewt  tin-  plnuKJbilily  of  this  hypolliesiu  i1  is  necfssary  to  in- 
quire whether  the  striic-turvn  «hicli  niij:hl  be  rej^jmleil  an  resonators  are  present 
in  siidioieiit  number  lo  nccoiint  for  the  annlytjcal  powers  of  the  car. 

Only  ext-cptioiuilly  does  one  meet  with  a  tnan  whr>  cnnnrtt  tell  d'(>linitl?ly 
which  of  two  suocosi»ivi*  tones  is  the  higher,  provided  that  the  interval  lietwwn 
them  really  \»  prent  enou;;h.  In  iiiuj^icnlly  ediiented  individiialf*  (hi>t  ability 
i»  very  jtreat,  Acfimtiiif:  to  Preyer  trained  persons  can  roeojrnize  a  difference 
nf  0.3-0.5  vibralinns  per  second  within  the  ran/Ec  from  a'  to  r";  above  and 
lielow  tliis  ran^e  the  ability  is  imich  less— e,  {•„  with  c*  errors  of  a^  nmeh  ai* 
one  hundred  and  more  vibrations  timy  occur. 

Aeeordinp  to  Heliiiholtz's  calculatioiLs  some  4.S00  resonators — i.e.,  600 
per  octave — would  be  sufficient  to  airoiint  for  the  bc^il  jiowitble  diseernuielil 
of  frnctioni*  of  a  half  tone.  BpiJidp:*  this,  300  rr-wnalorft  would  be  enouf;h  for 
the  tones  not  uhhI  in  rmific — i.e.,  4,500  in  all. 

Wo  hnve  s.cen  that  the  semicircular  cnnnU  and  the  otolith  »ac«  probably 
have  no  aeonslic  ftinetions.  or  that  at  moet  they  take  part  only  in  the  percep- 
tion of  nois«>i>  {cf.  ]ia^e  A"!'*).  The  wlude  stnicliire  of  the  ni'ne  endinffs  in 
the  (^iH-hltm,  nn  the  other  hand,  fnvora  the  view  that  the  peripheral  organ  for 
the  analyxiii  of  i^oiind  u  (o  be  sought  here. 

On  the  haailnr  membrane  {Yip.  IDS.  mh)  we  tind  the  nnrnn  of  Corti.  Thin 
contains  a  vcr?-  large  number  of  rodlikt-  KtrurtureM,  the  pillars  of  Corli  (U  and 
dc),  HtniidioK  Hide  b,V  side  tbniUKltoiit  tJie  wbi)b>  li-niflb  of  IIm-  i.iirlileji  and  liouml 
to^-l-hpr  by  means  of  a  joint  at  ihc  top  into  pairs. 

Theae  pillars  are  surnitnideil  i>utsiik;  and  inside  by  po«uiltBr  epithelial  cellii. 
some  of  whieh.  the  fiuitr  (ah)  and  inner  (ih)  hair  rflh,  hear  hairlikc  proeesjw* 
ending  frtfly  in  the  endolyniph.  Thew  eells  art'  to  coiiiiC"'tioii  with  the  end- 
iiijTH  of  the  audilorj-  nen-e.  The  hasilar  mpmhranf  in  i>f  varyinR  width  at  differ* 
ent  parts  of  the  cochlea  and  contnint*  fibers  which  are  stretched  transversely  lo 
the  rnchlcar  cjinal.     These  «rf  iml>eilde<l  in  a  trnnsparcnl  matrtX, 

The  Fprinired  resonators  mast  he  fonnd  amnnfr  llieee  strnelnres  and  Iheir 
numlwr  is  f(uite  snfficienl  for  the  purpose  ;  for.  aecordinft  to  Retzins,  the  eoehlet 
of  man  eontainB  5.600  inner  pillar  celU,  3,850  outer  pillar  cellSf  3,500  inner 


EXCITATION   OF  THK  AUDITOHV  NERVE 
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Helmholtz  iv)Ugh(  the  rosonslore  in  Ihi-  tramtversv  stmndit  of  this  strncturc. 
In  a  incniliraiie  of  this  kind  where  the  longitudinal  tennion  in  small  m  coru- 
parul  M'itli  thi>  tran^i'versc  tension.  t\w  rniliul  fillers  Hot  tike  a  syftom  of  sepa- 
rate striii^p*.  Tlie  metiilirane  connecting  llieiii  cerven  only  to  give  the  pressure 
of  the  itiiid  a  purcliasc  on  the  strings  and  eaeh  one  irill  thcrcforo  vibrate 
itlilefH-nilt-'ritly  of  llie  others. 

Finally,  the  hair  cclU  might  sene  ax  reflonatora.  In  short,  although  we 
cannot  Ketlle  deiinilcly  nn  a  rhoice  iwlwi-en  these  various  elomentii,  it  mu»t 
hv  uvidvnt  that  there  is  no  lack  of  litructurex  suitable  for  t'ticli  a  function^ 


B.    OBJECTIONS  TO  THE  RESOHAIICE   THEORY 

The  resonance  tlieory  of  lleltriliollz  tit#  in  runiarkalily  welt  with  the  facta 
nieii1ittiii!il  iJiiiK  far.  But  there  are  noine  circnmstances  under  which  the  the- 
ory eannot  bv  apjilied  m  readily,  and  these  circumstances  mmt  not  be  passed 
over  in  itilencc. 

1.  liealt. — Wlien  two  tones  of  different  vibration  frequetici<^«  arc  voundcd  «l 
llie  »Hiui.<  time,  if  the  difference  betwi-cn  Ihvni  is  Dot  too  greiit.  the  Tibralions 
of  the  two  will  interfere  with  eaeli  other,  pruducinic  what  an'  called  bt^atfl.  Thus 
if  the  difforenue  in  ihf  number  of  vibrations  be  only  one  jwr  HiM-oiid,  and  if  the 
Iwo  tones  lie  stnick  nl  the  ftanie  inatnnl.  the  nir  wnTei*  of  the  deeper  tone  will 
graduiiity  tiill  bihiiid  thoi^e  of  the  higher  until  ui  th<'  end  of  a  half  second  the 
Htiiniiiit  of  one  wave  will  coineidu  with  the  valley  iif  the  other;  iifler  mother 
half  weoiid  the  Iwo  !^uminil«  will  coiiieidv.  and  »o  gu.  And  in.  geneml  if  n 
represent  the  number  of  ribmliouB  of  a  tone  per  second,  and  a  +  l  that  of 
another,  then  the  loudness*  of  the  tone  will  be  increased  ercr;  seeood  and  be 
diniitiiiihed  every  hnlf  sei-oud.  The  ntinihcr  of  In^alA  per  six-nnd  ihert-fore  will 
always  be  equal  to  the  differi-nct-  in  ibe  number  of  vibrations  per  second  Iwtwecn 
tlie  Iwo  tonen. 

Now  if  eiich  lone  baa  only  one  indepcndeut  resonator  in  the  cochlea,  it  ia 
difficult  to  nee  bow  it  would  be  possible  for  two  loneH  to  inlliienre  each  other 
in  this  way.  There  i;*.  however.  ver>'  pwwl  reason  for  believing  that  e*eh  tone 
(■ncitc!*  several  neighborini?  resonators,  and  the  difficulty  offered  by  beats  for 
the  resonance  ihcoiy  i*  readily  dinponed  of  by  Ihi*  MupiKwition.  For  two  tones 
lyinK  close  t^»iiethcr  we  suppose*  must  influence  twversl  re»onator»  in  common; 
then  since  the  ohjeiittve  Htn-ti)flh  of  the  lone  varies  iuet?<sanily  because  of  the 
interfcreuce,  the  sympathelie  vibrations  of  the  resnniatorn  common  to  the  two 
mnut  likewiw  vary  in  Htrcii(tth,  and  hence  the  tubjcetive  sensation  must  pn<«ent 
similar  variations.  Other  phenomotin  coimcctwl  with  beatn  can  be  explained 
from  ihe  fianie  vii-M-poinl. 

2,  Comhinalion  Tones. — When  two  tonesi  not  too  close  toKelber  in  the  scale 
are  sounded  nt  the  same  time,  one  may  hear,  as  was  fint  pointed  oul  by  Sorire 
<lt4fl)  and  Turtini,  n  true  tone,  Ihe  vibration  frequency  of  which  is  equal  to 
the  difference  in  the  number  of  vibniti*>ii«  [ler  *eeond  between  the  two.  For  ex- 
ample, striking  a  fundamental  and  its  fifth  at  the  same  time  (ratio  3:3),  one 
hears  the  lower  dundecime  of  the  fundamenul.  The  first  difference  tone 
then  forms  a  second  difference  tone  with  the  firat  primary  lone.  L'nder  cer- 
tain cin*uinftanee«  a  tone  may  also  be  perceiii-eil  which  represents  the  sum 
of  the  vibration  ftt-nnencieB  of  the  two  primary  tones  (IlclmhoUe).  These 
difffvfncf  tones  and  «iimmfl^'on  tonts  are  included  under  the  teno  combina- 
tion  tones. 
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I.HKi'anR<^  find  Youn^  regarded  the  difftTcuc-v  tuui*8  as  a  kiud  of  beats  mud 

lezplai iif^il   tiK'iii   i>ti    tlie  a»»uiii|)tioii  of  subjective  interference.      If  tfais  were 

'ahow])  to  be  true,  it  would  ctiimtituu-  an  ub^ulutu  rcfutaliou  of  the  resonance 

theorj",  for  thcat  particular  tone,i  would  then  have  no  fibjectiTC  existence  and  so 

C'ouiti  iKit,  a»  the  theory  d«>niand)4,  excilc  resonators  in  the  car.     The  sutnmation 

tones  wonid  cniistitule  atill  grentrr  dlificulty  for  the  ibt'ory. 

lli'Imhiiltz.  h4iwever.  found  an  cx|i1flntitiou  for  these  tones  by  suppfkiinR  that 
either  the  tympanic  membrane  or  the  irens-mullrns  joint,  or  both,  arc  not  uni- 
formly clastic,  and  that  tlic  combiiinlioii  rcnlly  takes  phire  therefore  in  the  eon- 
ductoiB  of  (he  ear.  Several  authors  do  not  find  Ihiit  explanation  nrholly  «atis- 
fftctorj"  and,  bt'cousc  of  ibis  and  other  difficulties  which  cannot  be  entered  into 
here,  have  Rivrn  up  the  resonance  thmtrj-  alloftu'lber  mid  adopted  other  views. 
When  (ill  has  been  said,  however,  it  is  the  opinion  of  the  author  thai  the  reso- 
nance thenrj-  is  hfttor  able  tn  explain  the  essential  features  of  the  auditory 
serii^ations  than  nny  of  iti*  rivnla.  Tt  in,  of  courae,  not  improbable  that  this 
theory  will  need  to  l»e  modified  or  extt'iidi'^l  in  one  way  or  another.  n»  h«»  been 
done  by  Winidt  ntui  by  Ilermnnn,  for  example,  but  the  ground  principle — the 
^analysJH  of  bountt  by  reaoaators  in  the  intcnial  ear — will,  it  ia  the  aulhur's 
sMef,  endure. 

BECONT)    SKCTTON 

PHYSIOLOGY    OF  VOICE    AND    SPEECH 

Tlio  physiolojty  of  voice  and  speech  covers  so  wide  a  field  that  it  will  be 
necptwfirv  Tnr  ii^  here  tr>  limit  ourselvps  (n  the  most  importfinl  facts.  "Let  it 
be  t'xprei^ly  umlt-rstood  that  wbat  follows  is  to  be  repunle^l  only  as  a  brief 
orienting  survey. 

The  upperniofit  part  of  the  trachfa.  the  tarynx,  is  fashioned  in  a  peculiar 
way  so  as  to  serve  for  the  production  nf  (he  voice.  Thu  mnst  essential  parti^ 
of  the  larynx  are  the  votnl  card.-i.  Th«we  are  thin,  elastic  bands  strotched 
across  the  lumen  of  the  larynx,  and  like  other  Htniftures  nf  the  kind,  (hev 
can  he  mnde  to  produce  distinct  tones  by  being  set  in  Til)ration.  Iti  their 
case  the  vibration  ia  caused  by  a  blast,  of  air  fmin  the  lungs  forced  throng;h 
the  chink  (glottis)  Iwtween  their  free  ed^es.  The  pitch  and  other  qualities 
of  till"  tones  thus  prmluCT?d  are  altered  by  varying  the  tension  and  mode  of 
TJI)ratinu  of  the  cord.-.  This  function  it  ia  the  bueinees  of  the  laryngeal 
muscles  to  discharge. 


i 


%  1.    ACTION   OF  THE    LARVITGEAL   MUSCLES 

The  true  vocal  cord<  are  attached  at  one  end  to  the  reeurrent  angle  of  ift*? 
thj/roid  mrtihijp.   and   at    the  other  to  the  vocal  proecwcs  of  the  aryUnoid 
cnrlilagrx;  conse(]uently   their   tension  and   position  can  only  he  altered    bv 
changing  the  distance  from  the  thyrnid  cartilage  to  the  arytenoids  and  the 
distance  from  one  arytenoid  cartilage  tn  the  other. 

The  arytenoids  are  fastened  to  the  cricoid  cartilnge.  so  that  every  rnnve- 
ment  of  the  Intter  produces  »  change  in  the  position  of  the  former;  hence,  the 
distance  between  tlie  thyroid  and  the  arytenoids  can  be  altered  by  moTing 
the  cricoid. 

The  action  of  the  separnte  mu.*ides  may  be  condensed  somewhat  as  followR: 


ACTION  OF  THE  LARYNUEAL  MUSCLES 


Contraction  of  the  cricothyroid  increases  the  tension  of  tho  vocal  cords  by 
rotating  the  cricoid  cartilage  upon  the  thyroid  around  an  axis  running  through 
the  articulattoD  which  the  small  (lower)  corona  of  the  thyroid  make  with  the 
cricoid.  Thus  the  broad  posterior  plate  of  the  cricoid  to  which  the  arytenoids 
are  attached  is  moved  downward  ami  backward,  and,  the  arytenoidti  being 
prevented  by  ligaments  from  slipping  forward,  as  a  consequence  the  vocal 
cords  are  put  on  a  stretch. 

The  glottis  is  widened  by  moving  tho  vocal  procc*sc5  of  the  arytenoid 
cartilages,  to  which  the  vocal  cords  are  attached,  farther  asunder.  This  is 
accomplished  chiefly  by  contractions  of  iho  posterior  cnfo-oratenoid  muscle 
springing  from  the  cricoid  cartilage  and  attached  to  the  muscular  processes 
of  the  arj'tenoid  cartilages.  The  action  of  this  muscle  is  represented  schemat- 
ically in  Fig.  200.  It  contrihutci  to  the  tensiion  of  the  vocal  cord.i  by  holding 
the  arytenoid  cartilage  againtil  the  niu-')clefi  which  tend  to  draw  it  forward 
(Neiiman).  In  this  abducting  action  the  posterior  crico-arytenoid  i*  aided 
to  some  extent  by  the  vertically  directed  portion  of  the  lateral  crico-arytenoid 
(Kiihimann). 

But  for  the  most  part  the  lateral  crico-arytenoid  is  an  adductor  of  the 
vocal  conl!4  (Kig.  201)  unit  the  ihtfro-arytenoid  lying  over  this  mut^cle  has 
the  same  action. 

The  varalis  or  intfrnal  (kijro-ar^ifnoid  muscle,  regarded  hy  several  authors 
aft  belonging  to  Uie  lliyro-arytcnoid,  runs  from  the  angle  of  the  thyroid  car- 
tilage to  the  arytenoid  cartLlage  and  is 
applied  to  [he  outer  margin  of  the  vocal 
conl  of  each  sulc.     U  herves  firRt  to  relax 


Fio.2on.— SclicmAitcnrprMMitatiaaortlie 

ftctioD  uf  ikiL'  ponicrior  eriro-arytmtoid 
niUMrlr*.  »ftcrTotliil  Tliv  rol  rulor 
intiiento  tlie  iXMnliun  of  ihc  vockI 
OMtlaand  of  (he  nryti-ndid  cM'tilogM, 
itbcn  thcw  diukIc*  eonusct. 


Pra.  301. — SctM-mKitc  rr(>rtM!ni*tlon  of 
ihe  kctiuii  of  <h«  Utt-ml  rrico-Kryl^ 
lUMil  mutrlr,  kfirr  Tnliit  The  r«l 
color  indtcstn  f  b«  positiun  uf  ilie  voc»] 
C<tti}a  kDcl  uf  t!ir  ar>'teiunii  ckrtillCCS 
irbiB  ifaMB  nttttclni  contnKt. 
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the  vocal  cord-i  by  approximating  the  point*  of  their  attachment.  But  a  much 
niori'  im|KirtaiU  fuuction  is  to  impart  the  ncees^iry  internal  tension  and  Urm- 
ne«t(.  Ail  well  ns  to  give  a  favonible  form  and  pottition  to  the  whole  mass  of 
the  vocal  cord,  for  intonation  ((Jrlitzner). 
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With  the  exception  of  the  crioo-thyroid  muix-Ic  whicli  is  innervjileil  by  ihi 
superior  and  iiiwlian  hxryngiials,  the  latter  arising  from  the  phnnTi^Al  ltranch.1 
of  the  Viigus,  ihv  musflos  of  the  larynx  receive  their  nerve  nupply  from 
recurrent  liir>'ngeal. 

§  2.    VOICE    PRODtTCTIO!T 

Pmdiu-tiiH]  of  coiinci  iti  the  larj'nx  presupposes  that  the  glnttis  is  close 
and  ihflt  the  voc«l  cnrda  nre  placed  in  a  Btaie  of  tension.  If  then  air  ii 
driven  frmn  the  Imigs  under  eiitlicienl  pressure,  it  forces  its  way  through  th< 
glottis  and  as  it  does  so  sols  llie  vocal  cords  in  vibration, 

Caginard-Latour  and  (iriitzner  have  estimated  the  air  pTewiire  necessai 
for  this  purpose.     (In  patients  with  tracheal  fistula'  they  oonnectei!  a  nianome-' 
ter  with  the  trachea  hy  means  of  a  tracheal  cannula  and  di'niuu«trated   foe 

■Raft*  Id 


'^r; 


''^T 


la  rjttX-^ 


PlO,  202. — LmiyatfjKopi<;  picttire  of  ttw  liumnn  thrr^jt,  lu  wrii  durins  quiet  inapirfttiotv.      En* 

turg<vl  twk-e  (llt^itimium). 


a  tone  of  iiiediuin  height  and  strength  a  pressure  nf  HO  to  240  mm.  of  water 
for  very  loud  tones,  83  in  »i!iouting  al  the  trip  of  the  voice,  a  pressure  a*  higl 
as  015  mm.  of  water  was  ohiained. 

The  power  which  produces  this  pressure  comes  from  the  muscles  of  expira- 
tion.  chiefly  the  ahdominal  muscles.     It  is  said  that  good  ningers  use  on 
the  thoracic  nms<'les  nf  expiniiif>n. 

The  «>und  pr'niuced  iu  Hie  laryn.\  is  modified  as  to  it*  timbre  but  not 
to  pitch,  hy  the  resonance  chamhers — phnri'nx,  mouth,  nasal  cavities,  etc, 
and  the  task  of  the  voice  cultnrist,  Ifesides  that  of  inculcating  correct  hal 
of  breathing,  conaii-ts  merely  in  training  the  pupil  to  so  shape  the*e  eavili 
as  to  impart  the  most  ugreenlde  fjuality. 
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g3.    REGISTERS   OF   VOICE 

Before  t)ie  inrentinn  of  the  hn/ngoscope.  our  knowledge  of  the  l^haTiof 
of  the  vocal  cords,  etc.,  in  (he  pnjduction  of  voice  whs  hased  ninitilv  on 
oh-iiervations  made  with  directed  preparations.     Bui  with  the  invention  oj 


REGISTERS  OF  VOICE 


FlO.  2113,— Tin*  npiwATrnirc  of 
tlip  v*ieiU  ronLi  while  [>ri>- 
<lui'jii|{  n  cIimI  loiip,  ufter 


this  instrument  l>y  Garcia  (ISSS)  phv-^iologicjil  ami  pntliological  «tud.v  of  the 
larynx  eiiti'rt'il  iipori  an  onlircly  new  era. 

The  ]«r,viiK"!*''*'|*  is  a  vt*rj  itiiiiplr  iiintniTiipnt.  A  ronenvc  mirror  Iifl<l  liffore 
the  obacrver  is  provided  with  nii  apenurc  ihrouKli  which  ihu  olwerwr  looks.  It 
rpc<?ivps  3i(fht  from  aomc  artificial  «mroe.  mid  n'fl('<*tn 
il  U|wiii  a  phiiii  mirror  Ik-KI  .^t  the  pruprr  Aiiplp  in 
the  phao'l't-  Tho  laller  mirmr  niTvew  both  to  illu- 
miiiiilo  tlic  inlonur  of  thi>  lur.yiix  mid  to  fnrm  un 
iiiiatfe  iif  lh(>  name  which  (ran  Ik>  ^ti'cii  hy  the  tilis^rrur. 

Fig.  20?  represient*  a  lar^-ngoscopic  picture  «9 

Been  in  quii?t  hreathinfr  nnil  Fig.  203  that  eeen  iti 

Tocalizin^. 

Two  rliffrre^nt  rep^ilers  arc  dintinjjiiishotl:  the 

chest  \anv  and    thu  fiilri'tln  or  hwid    vnlci'.     The; 

former  is   fuller  and   riidiur — i.e.,  rieher  in   lower 

ovL-rtfint'i* — than  the  fnl*etto.    The  oHpst  tones  arc 

I(t«or  Ihon  thi>  head  tones;  nlthnu^h  within  a  f^^rtain  pniiipnss  the  same  person 

cnii  prodiK'*'  idfiiliefti  Inne.-*  with  either  tin*  fhe^l  voit-e  or  tlie  Iwyid  voice, 
[n  llic  pnirliii-linii  of  rhcst  lones  the  vncal  conls  vihraEf  thr«iu>.'h<m(  Ihptr 

entire  breadth.     They  are  alun  prew.-iwi   inward,  (hu?  narrowuiy  tln'  jflottis 

«f>  that  the  air  can  only  escape  very 
kIowIv.  In  the  pmdtietinn  of  head 
tonoi*  only  the  I'dne*  of  the  vocal 
conis  vihniti*  and  the  glolti«  is  firm- 
ly eloseil  piwteriorly.  hut  its  rather 
widely  open  anteriorly.  The  air 
escapes  therefore  more  readily  than 
in  tlie  eusL'  of  cliesi  tones,  h'ur  tlits 
reason  chest  tones  can  lie  held  lon^r 
llutn  head  times. 

We  have  the  followinf;  nieani 
in  the  lar>'nx  it.-«elf  of  n>tfrin«f  Ihf 
jtitrh  of  the  voice  ((iriitzncr) :  (1) 
By  ehantfing  the  lonniludinal  ten- 
sion nf  the  vncal  cordis;  (2)  hy  lim- 
iliriK  the  vihrating  length  of  the 
Tocal  cords,  which  i?;  done  liy  ap- 
plying the  inner  surfaetu  nf  the 
arytenoid  cartilages  lo  each  other 
priign-Ksivcly  more  and  more  from 
po^t^■rior  lo  anterior;  (D)hy  chang- 
ing Ilie  form  of  the  vocaliti  mutK-le, 

luid  Ihen'hy  varying  the  width  <if  the  vocal  conit;   (4)   liy  altering  the  air 

pressure  in  the  trachea. 

iliglwr  tones  wilhln  the  t*ame  register  therefore  may  Ik-  produce"!  in  two 

genvral  ways:  {a)  By  increacing  the  leiijiion  and  at  the  same  time  lengthening 

the  \-oeal  cords;  (h)  by  shortening  tito  vibrating  portion.     Different  ioiiini]- 

uals  use  one  or  the  other  of  these  melhoils  jiiore  or  lew  excluAively. 


Fin  2rM, — ^Prmilinn  cif  lite  \iidil  uri^iuiii  in  pro- 
<luriii4{  ilw  Kuunil  of  briMu!  .\.  attrr  rirOUner. 
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§4.    ELEMENTS   OF  SPEECH 

Language  ia  made  up  of  words,  words  of  syllables  and  syllables  of  ele- 
mentary sounds  called  vowels  and  consonants.  Vowels  are  produced  whed 
the  voice  is  modified  by  merely  changing  the  shape  of  the  resonance  cavities 
— pharynx,  mouth,  and  nasal  passages;  consonants  when  the  air  or  voice 
is  more  or  less  obstructed  by  the  movable  parts  of  the  organs  of  speech — 
lips,  teeth,  tongue  and  palate. 

In  whispering  the  glottis  is  partially  open  end  the  air  is  allowed  to  pass 
through  without  setting  the  vocal  cords  in  vibration.  Since  each  of  the  reso- 
nance cavities  has  a  sound  of  its  own  which  it  emits  when  the  air  contained 
in  it  is  caused  to  vibrate,  and  since  sounds  may  be  produced  by  the  lips,  tongue, 
etc.,  alone,  it  is  possible  to  speak  without  voice. 


A.   VOWELS 

We  cannot  here  discuss  exhaustively  the  changes  of  the  mouth  cavity 
necessary  for  the  production  of  vowels.  Griitzner  summarized  the  most  im- 
portant of  them  as  follows:  If  the  voice  be  sounded  with  the  tongue  well  down 

in  the  mouth,  and  the  lips  at  first 
but  slightly  open,  the  sound  of  U 
(00)    is   produced.      Then    while 
the  voice  is  sounding,  if  the  mouth 
be  opened  more  and  more  without 
changing  the  position  of  the  tongue 
the  sound  of  00  gradually  passes 
into   that  of   0   and   finally    into 
that  of  Inroad  A,  and  vice  versa. 
The  vowcl.-^  F,  0,  A,  can  he  uttered 
therefore  merely  by  changing  the 
size  of  the  month  opening;  in  or- 
dinary speech,  however,  the  tongue 
and  soft  palate  take  part  in   the 
clianges.      ]f    now    the    sound    of 
broad  A  be  uttered  with  the  mouth 
moderately  open  (Fig.  204)  and  if 
without    clianging  the  size  of  the 
opening   the    tongue    be  gradually 
lifted   jiiore  and  more  toward  the 
hard  palate  we  get  successively  the  sounds  of  long  A  and  K  (Fig.  205)   (Ger- 
man K  and  1).     In  this  series  the  space  inclosed  lictwoen  the  laryn.\.  posterior 
wall  of  the  pharynx,  soft  palate  and  lia.se  of  tlie  tongue    (laryngeal   space. 
Purkinje)   gradually  lieeomes  lar<:;er. 

Till'  other  sounds  of  tliese  same  letters  are  produced  by  combination  of 
the  positions  already  mentioned  for  the  two  scries.  The  larynx  and  soft 
pahil«',  liowever.  undergo  changes  of  position  also. 

Honders  lias  shown  that  the  Imeeal  cavity  is  attuned  for  tlie  production 
of  the  dilferent  vowels  not  at  the  same  pitch,  but  at  different  pitches.     The 


Fio.  205. — Position  of  the  vooal  nricane  in  pro- 
ducing the  sound  of  long  K,  after  Griitiner. 


touys  wliith  arv  favoreU  by  the  Hliape  of  the  onvity  may  ho  Tound  by  blowing 
into  tile  mouth  wliile  tho  organs  are  iti  tliu  |>ro])er  piwiliiitis ;  then  if  tlieiie 
IdriL'!*  iKTiir  a.'*  ovcrtiuif.'-^  in  the  .■*miruls  eniJItw)  hy  llie  vocal  cords,  th^ 
are  M!lecU*(l  liy  tlic  rc^imancc  of  tlic  cavity  und  art?  inleiisifit'd.  Aci«»rtling 
to  Hflmholtz  (1K().')),  each  vowel  has  one  or  two  sudi  tones  (the  pitch 
of  which  is  con-itanl)  which  arc  clianictoriatic  of  it  whenever  it  U  either 
sung  or  Hpokt'n.  Those  vowels  which  rnv  formed  wlieii  the  tongue  ia  hi^'h  in 
tin*  mimlh.  thereby  dividing  it  into  two  eavities  (viz..  long  and  short  A  and 
E)  have  two  tonox,  and  those  formed  when  the  tongue  U  low  (viz.,  00,  O  and 
broad  A)  have  but  one. 

B.  COBSOHASTS 

T^  OOlUiHMntl  are  much  more  complicated  in  the  mod*^  of  their  pniduction 
than  the  vowels,  one  important  feature  in  their  production  consisting  of 
changes  iti  the  rchonunce  (|nnlitY  of  the  tiueco-phiiri'ngeal  r^imcc.  In  nioi>l  of 
till'  consonant-*  the  niotitli  and  nn»al  caviliej*  an?  *<i'])nruled  froiti  one  another 
by  the  «ofl  palate,  but  in  some  nnt.  But  as  nn)ru  or  less  Lnmiplete  ab.siruelion 
of  the  air  in  come  pari  of  the  pos.'tflge  is  common  to  all,  the  dintJaguinhing 
character  of  the  sound  dopc*nds  on  the  place  and  manner  of  the  ohntraction. 
Some  consonants  are  lattered  with  voice,  other*  without. 

Rkkkiikncks. — P.  Griiitnrr.  "  Physiologic  der  Stimme  und  Sprachc."  T*ip- 
Kic,  ISTW  (Ilermann'ii  liandhurh  drr  Phyaiologxf.  i,  2). — //.  llelmhoUt,  "Die 
I*hpe  von  dfii  TomTnptindutiKvn,"  fourth  cdiliciTi.  ItnuiiiHchiveiK,  1S|7, — /,.  Iler- 
niirnti.  tH-vcral  arliclcs  in  the  Arrhir  ftir  ilir  ijeaamif  t'hyaiuhuie,  voln.  xlvii. 
xlviii.  Hit.  Iviii,  Ixi,  Ixxxiii.  xci.  1890-1902. — H.  Pipping.  Rrlielcs  in  the  Zeit- 
schrifi  fiir  Uiologit,  toK  itxvii,  xxxi,  38tfO,  l»tt5. 
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CHAPTER    XXI 

VISION 

If  we  wish  to  investigate  an  object  by  means  of  the  tactile  sense,  we  must 
be  able  to  feel  the  different  parts  of  it.  In  doing  this  different  nerve  fibers 
are  stimulated ;  each  nerve  fiber  produces  a  special  sensation,  which,  owing  to 
its  "  local  sign,"  differs  from  those  mediated  by  other  nerve  fibers ;  and  the 
sum  total  of  all  these  different  sensations  gives  us  our  idea  of  the  object. 

It  is  the  same  with  the  eye.  The  retina  constitutes  a  mosaic  of  nerve 
endings  sensitive  to  the  light;  each  of  these  nerve  endings  produces  a  sensation 
endowed  with  its  own  peculiar  "local  sign";  and  just  as  with  the  skin,  the 
total  result  of  all  these  sensations  constitutes  our  idea  of  the  object  as  obtained 
by  vision. 

From  this  it  is  evident  that  a  clear  idea  of  an  object  perceptible  to  the 
eye  can  only  be  obtained,  if  each  point  of  the  object  acts  upon  its  own  particu- 
lar point  of  the  retina. 

Since  light  emanating  from  or  reflected  from  an  object  radiates  in  all 
directions,  becoming  more  and  more  divergent  the  farther  it  proceeds,  in  order 
to  form  a  sharp  picture  of  the  object  on  the  retina  the  light  must  be  collected 
by  refraction  of  its  rays,  in  such  a  manner  that  they  will  be  focused  on  the 
retina.     This  is  the  purpose  of  the  refracting  media  of  tlie  eve. 

The  physiology  of  the  visual  organ  must  l)egin  therefore  with  a  considera- 
tion of  the  eye  as  an  optical  instrument.  After  that  we  shall  study  the  visual 
sensations,  and  the  movements  of  the  eye. 


FIRST    SECTrON 

THE    EYE    AS    AN    OPTICAL    INSTRUMENT 

§  1.    THE   OPTICAL   COWSTAITTS  OF  THE   EYE 

The  eye  contains  a  number  of  rrfrarling  media  separated  from  one  another 
by  approximately  spherical  surfaces.  These  media  named  from  anterior  to 
posterior  arc :  (1)  The  layer  of  tears  ;  (3)  thecnrncii;  (;J)  the  aqueous  humor ; 

(4)  ttie  crystalline  Ions  composed  of  many  layers  of  dilTerent  refracting  power: 

(5)  the  vitreous  bodv. 

In  order  to  follow  (he  course  of  light  rays  in  the  eye  we  must  determine 
(1)  the  rrfmrtiiT  irKHrr.i^  of  the  various  media;  ci)  the  rndil  of  the  refract- 

'  The  ratio  between  the  velocity  of  light  in  a  variiuin  and  it,f  velocity  in  a  Riven  me- 
dium,  IS  fcliifw.  is  the  refractive  index  of  that  mediiiin.     Since  however,  the  velocity  in  air 
508 
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ing  surfaces;  (3)  the  tiisiances  of  Ihe  riifTcrent  rvfractitig  surfaces  from  one 
another.    Thcw  moHstiremont."  ftri-  calltii  llio  optical  comtante  of  tlie  e>e. 

Thu  following  table  after  Ilelnihnliz  contains  a  summary  of  values  found 
by  (UlTtTwil  authors  for  the  refractive  inUiLts  of  the  various  media  in  the 
human  eye: 

Ooniwi. 1.8.V»-1.867 

AqueotM  himior. 1.8%V  1.356 

Vitreous  body 1.836-1.857 

C'r;>lnlliii«  hna,  outer  Inyer .,  1.336^1.474 

"     mMh.n 1.3W-1.478 

"  "     COM 1.8B&-I.48I 


& 


The  lens,  m  ap|>ean:  from  (lie  table,  ha»  a  different  refraetive  index  in  ita 
<1iff.Tr'iit  Inyors.  the  value  increaiiinji  fnim  witlionl  inwarfl.  As  a  coasequenec, 
tlie  foi-a!  ditilanet's  of  Ihe  component  lenses  lK>onmc  ttmaMer  in  the  same  onier 
and  Iht-  total  rofracting  fwwer  greater  than  it  would  be,  if  the  wliole  U-rtH  had 
the  refractive  index  of  iti>  enre  (Young,  ^ 

Lictitifi). 

Hence  it  is  a  mistake  to  try  to  res 
place  the  cry-ntalline  lens  by  a  homoge- 
nous lens  of  the  n&ma  form  and  with  aa 
averajje  n^fractive  inilex.  Such  a  lens 
miirtl  have  a  bijrlicr  rolal  refraclivo  in-  * 
dex  than  llmt  of  Hm  d>tmMc->l  pari. 

In  cak-uln(iD(i;  tbu  eouritc  of  the  light 
ray:*  in  the  eye,  we  ahal!  follow  llelm- 
hiiltz  in  sup|»osing  the  cr^vlallitu;  lens  to 
be  replaced  by  a  hnmogi-noun  lens  with 
a  refractive  index  of  1.4371. 

The  problem  to  b*  solved  is  rendered 
much   eiifiicr  by  this  simplifirHli<p»   ami 
we  can   now  treat   the  optical    syjilern  of  the  eye  as  if  it  were  compos*^  o 
two  relatively  simple  svittcms.      The  first  consists  of    (1)    air.    (2)    i-ornen, 
(3)  aqneoiw  humor;  the  seeond  of  (1)  aqueous  humor.  (2)  crystalline  Icna 
and  (3)  vitreous  lx>dy. 

The  system  of  the  cornea  can  be  simplified  still  further  for  three  rea«in«: 
it  id  very  thin,  its  surfaces  are  almost  concentric  and  its  refractive  index  i# 
only  a  little  greater  than  that  of  the  aqueotw  humor.  Since  the  refractive 
index  of  the  layer  of  tears  on  the  outside  differs  but  slightly  from  that  of 
the  aqueous  humor  in:«ide.  we  may  think  of  tli«  conieft  aa  a  waleh-gla<»-);haped 
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in  but  ulighlly  Icm  than  In  n  %'a«iiim,  the  rcfrartJvr  Index  of  a  medium  is  ordinarily  Kiven 
a:t  Ihr  n'ttirOjitioii  whirii  th«  light  mjfTm  ill  pitminfc  from  air  into  that  medium.  The  n- 
frtirlivc  iniifx  mity  J>r  fnimd  by  muuiiirifu;  thr  anglp  o(  incidmw  and  th*  aiifHv  of  rcfrac- 
tio«— p.  K,.  the  an^W  «  and  fl  formed  hy  tlie  Ii(fht  ray/  j;  in  Fig.  20e.  The  rrfractive 
index  of  the  mMlitim  Iwlnw  the  line  n  6.  mippOMng  tbc  medium  alxivi!  that  liiic  la  be 

air.  is  given  by  ibc  formula  n  - 
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lens  iminerged  in  acjuoous  huiiior.     Such  a  leos  does  not  change  the  com 

of  the  light  ray«  to  any  apprcciablo  extent.     Accf>r<ling  to  an  estimate  o( 
Hcimholtz  the  focal  distaneci  nf  the  cornea  pniheddeil  in  the  aqiinous  hiiiiinr| 
would  he  S.7  m.,  a  distance  which,  ja  oouipariBon  with  the  dimensiontt  of  the] 
eye,  ran  be  rcjiftrdcil  m  practically  infinite. 

The  firat  refracting  system  is  rcduwHi  thcreforo  to  a  simple  optical  nyfitemj 
composed  of  two  media,  the  air  and  the  aquraus  humor,  separated  by  a  surfanj 
with  Iho  curvature  of  ihe  crtmca. 

To  hi'  aiilc  in  fnllnw  ijie  rcnirse  of  the  lifjhl  rays  in  the  eye  wo  need  there-* 
fore,  in  adilitimi  to  Ihe  refractive  indice*  already  nieiitioned,  only  the  following 
data:  (1)  The  raditw  nf  cwn-alure  nf  iln;  cornea;   (i)   the  distance  f>f  the 
anterior  aarfaec  of  the  Ion«  froiri  the  vertex  of  the  tMrnea;  (3)  the  radii 

JTS* 

r ^  '■}{ ^__y « 
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of  eurvaliire  of  the  anterior  surface  of  the  lens;  (-1)  the  thickness  of  the  Ic 
and   (.1)  ihv  radius  of  curvature  of  the  posterior  surface  of  the  lens. 

SoiiK'  of  tiic  valuv.s  found  by  diHerent  autliora  for  tlie»e  dimvutuons 
given  in  the  following  laldc: 

(1)  Badius  of  carrataro  of  the  anierinr  fturffWf  f>f  cornea 6.B5&-8.164  mt 

,  i^)  Distan«o  fmm  vtrt^ix  of  cornt^a  to  aiilcrior^urfiKC  r>f  ihc  lens 2.900-4.09       ■■ 

(8)  IMstancc  from  vorl*x  *>f  cnrno/i  Ui  f>n^Lc^^o^  Rurfaoeof  leas 6.84i-7.ftS      " 

(4)  HAiliii»  of  ciirrtLture  of  anUrior  Hurfiu^tt  of  Iens........i.>... 7.EW-12..*t8     " 

(0)  Radius  of  curraturo  uf  pusterinr  Burtau-e  of  lens 5.13  -8.49       " 

To  enable  uj*  the  better  to  folhiw  litrht  rays  thrniinh  an  nptienl  system  lilca 
that  rfpreseiit«I  by  the  hunuin  ryp.  let  us  suppmH?  tht-  wfraet i iig  surfaces  5,, 
if,  and  *',  in  fig.  2(l7  to  be  related  lo  eiieh  i^rher  ns  an-  the  refracting  «urfac(?s 
of  the  cornea  and  lena.  The  points  F  and  i*'*  will  be  the  atitcrtor  and  posterior 
focal  poinlHuf  the  entire  Byateui.  the  liiif  AA,  its  axix.  Imujitine  any  incident  ray 
parallel  to  the  axis  to  be  represented  hy  Px.  Sinee  all  rays  parallel  to  the  axia 
pasa  through  the  focal  point,  whntever  course  this  ray  may  take  through  tlu» 
«yst*m,  we  know  Ihiit  after  it  is  refracted  it  will  pai-it  through  the  focal  point 
F*.  But  the  incident  and  refractet!  rays  must  meet  somewhere  if  proloiigcd- 
T*l  this  jMjinf  of  meeting  be  a*.  Imagine  the  ineirVent  ray  Pt  projected  toward 
Q  and  call  the  portion  o^Q  the  incid^-nt  ray.  Since  thi«  id  ever>'where  parallel 
to  the  axia  it  mu»t  have  a  corresponding  ray  which  will  pass  through  the  ante- 
rior focu*  F.  Pndoiiging  the  incidnit  ray  until  it  meota  the  refracted  ray  again,  ■ 
we  gel  the  point  p. 

The  rays  Px  and  Ft,.  Ihei-efurc,  eonverge  Inwnrd  the  point  f.  the  rays  Qg 
and  F'lf,,  toward  e* — i.  c,  if  we  regard  e  aK  &  luminous  point  e*  will  be  its  imi 
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If  through  th(>!<<-  poinlw  Iwo  planrs  be  dniiim  ]ier|ifridioii]ar  lo  iIip  axis  of 
the  Bj-ek-m.  thvu  t'verj-  iminl  in  the  pinru'  f  wtll  haw  its  imnK*'  '"  tht-  plum-  f*, 
and  \\w  iniQift'  will  W  on  ihi-  vexaa  e!ik>  of  the  axU  attd  at  the  tuime  diBtonce 
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from  it.  Tn  short  an  object  in  the  phmp  f  has  an  erect  imHK<<  ^^  ihc  same  aim 
in  the  planf  ^*, 

TlifHc  two  |ilftm"«  are  eftllcd  the  print'ipal  planea  of  the  Byatem  and  the  points 
at  whirh  they  cut  the  oplit-ul  axis  are  ciiUcd  the  i'T\nr\\>al  poitits, 

Atl  lii^ttuncL'K  in  uciicru]  iire  ealc-uIatiHl  from  the  principal  piiints.  Ihr>t»e  which 
rrmepm  the  inrideut  ray  fmin  the  firat,  lho«c  which  c-omvrri  the  refraelt^  ray 
fruin  the  secoiu]. 

Now  what  will  be  the  rplation  lietween  an  object,  whoac  rays  arc  IraoMmittod 
by  a  H.v«lvni  uf  lhi»  kiml.  and  its  iniaip-?  The  atwwur  i«,  ju«t  the  wtine  relation 
M  between  ihe  ohjeeC  ami  imaire  of  a  simple  s.VBlem. 

If— e.g.,  ill  Fig.  20w.  which  n-preseiit*)  a  »im]ik'  optical  iiystein — nn  object. 
»/».  b«>-  trninniirtiMl  by  n  simj)k  refradiitic  siirfne*'.  ihr  ai»-  of  ihc  iinaifi".  tr.  will 
he  to  tlie  tiize  of  the  object  ua  ar  i>i  to  pn  (from  the  xiniihtr  Ki-niiirtricnl  fifriirea 
asp  and  art).     The  point  u  i:<f  fiich  a  8,viftem  lk  c«lle<)  the  niHlal  point. 

So  alHo  in  Fig.  liOU  where  KE*  an*  the  principal  poiiitii  ami  F  anil  /**  tlio 
focal  pointn.  Ibi-re  will  Ik-  two  ]>oi!it«  fC  and  A"*  so  flitunteH  (at  e4]un1  •linitanreB 
fr.mi  E  iiihl  ^*>  tlijil  ihc  sixo  of  the  objeirt  PA  will  be  to  the  site  of  tt^  image 
P*A ,  BH  the  (iistaiice  A  K  i«  to  tin-  liixtAnee  A  ,A'*.  Tlie«c  two  points  an-  culleil  the 
nodal  points  vi  the  w.vslein.  They  may  lie  defined  b«  the  two  jxiints  so  Hitualeil 
thai  H  ray  direclc*!  toward  the  firnt  will  be  dio-rtwl  towanl  the  secmit!  aflcr 
refraction,  the  tuys  l^ofore  ami  nfler  refraction  lieiiig  parallel. 

li  is  evident  that  if  we  can  locate  acearntcly  the  nodal  points  nf  the  t^yo 
and  know  the  si/e  and  distant-e  of  any  ohjcrt.  we  can  e.ttimatt-  the  size  of  il.4 
image  in  the  eye.     Moiwr  was  Ihe  first   (1S44)   tn  make  uw  of  Ihwin'tical 
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reaults  obtained  by  OittK  and  Bn^^icl  and  on  the  baiis  of  tlicse  to  calculate 
the  poailion  of  the  two  nodal  fioints.  Somewhat  later  Liutin);  Rave  an  f«li- 
malp  uf  the  nuMii'rical  valiiw  acoonlinj^  to  Ihe  l««t  nieii.«im'n»iita  completed 
at  that  time.  Since  his  time  the  desipnntinn  of  gchftntitic  ri/e  has  been  applied 
to  on  eye  wlio^  optical  constanta  eorrcsjiond  ap proximately  to  the  mean  value 
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of  the  prevailing  meaflnrements.    It  must  be  observed,  however,  that,  as  will 
appear  from  the  table  on  page  510,  the  individual  variations  are  considerable. 

In  the  following  table  are  contained  the  optical  constants  from  two  sche- 
matic eyes,  which  have  been  calculated  by  Helraholtz  on  the  basis  of  newer 
measurements. 

The  location  is  in  all  cases  given  as  the  distance  in  millimeters  from  the 
vertex  of  the  cornea,  and  is  reckoned  as  positive  when  it  is  posterior  and 
n^ative  when  anterior. 

Directly  Determined 

RefractiTfl  index  of  the  aqueoas  humor  and  Titreoiis  body.  1.8876  1.3365 

Tolal  refnwtive  index  of  crystalline  lens 1.4545  1.4871 

RadluB  of  curvature  of  the  cornea 8.0  7.829 

Kadins  of  curvature  of  the  anterior  surface  of  the  lens , , . ,  10.0  10.0 

Radius  of  curvature  of  the  posterior  surface  of  the  leas  . . .  6.0  6.0 

Location  of  the  anterior  surface  of  the  lens 8.6  8.6 

IjocatioD  of  the  posterior  aarface  of  the  lens 7.3  7.2 

Calculated 

I.  n. 

Cornea:  anterior  focal  dis^nce 23.692  28.266 

Cornea:  posterior    "          "          31.692  31.095 

Lens:  focallength 43.707  50.617 

Poeterior  focal  disUnce  of  the  eye 19.875  20.713 

Anterior     "            -        «    '■     "    14.858  15.498 

Location  of  the    I  principal  point  1.9403  1.753 

"        "    »    II         »            "     2.8563  2. 106 

«        *•     "      Inodalpoint 6.957  6.968 

«        "    "    II      "        "      7.878  7.321 

M    «    anterior  focal  point -13.918  -13.745 

"        "    "    posterior  focal  point 22 .  281  22 .819 

In  Fig.  210  these  values  are  brought  together  in  a  diagram  of  the  human 
eye  enlarged  about  three  times.  We  see  that  the  principal  points  (h^  A^)  lie 
in  the  middle  of  the  aqueous  chamber  and  the  nodal  points  (A.-,  jt,)  in  the 
posterior  part  of  the  crystalline  lens.  The  posterior  fooal  point  F„  fails  upon 
the  retina. 

By  means  of  these  so-called  cardinal  points,  the  path  of  any  given  inci- 
dent ray  can  be  determined,  as  has  t)ccn  seen  on  j>afro  511,  twyond  its  last 
refraction;  likewise,  the  location  of  any  point  occurring  in  the  neighborhood 
of  the  axis.  Since,  moreover,  the  two  principal  points  and  the  two  nodal 
points  lie  very  close  together  (by  the  above  lalilc.  (1.411!  mm.  and  0.353 
mm.  apart  respectively),  for  many  purposes  the  two  can  be  regarded  as 
one  point  and  the  eye  reduced  to  a  single  optical  svsIimii.  In  this  reduced 
eye  the  princifml  point  lies  (according  to  Listing's  sclunie)  "^.345  mm.  pos- 
terior to  the  anterior  surface  of  the  cornea  and  the  single  nodal  point  0.476 
mm.  anterior  to  the  posterior  surface  of  the  Ions.  If  from  this  point  a  curve 
be  drawn  through  the  reduced  principal  point  (radius  nf  5.125  mm.)  it  will 
represent  tlie  anterior  limiting  surface  of  the  reduced  eye;  in  front  of  it  is 
air,  back  of  it  aqueous  humor  or  the  vitreous  body. 

As  appears  also  from  the  alrove  table,  tlie  nnlrrinr  fnrnl  distance  of  the 
cornea  (II  eye)  is  23.3  mm.,  that  of  the  entire  eye  15.5  and  the  focal  length 
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of  the  lens  50.6  mm.    The  refracting  power  of  the  comea  ie  therefore  43.2 
diriptiirs'   (1,000-^^3.3).  IHhI  of  tW  entin?  t'Ve  r.1.5  iliopters. 

It  fullows  that  thti  strongest  refraction  of  light  takes  place  in  the  comca. 

Occasionnlly  Bmonfr  old  people  the  lens  Vcome«  tuT)>id  »nd  opBtiuc     In 
order  to  rwtorc  thu  sight  in  such  ca»e>  the  lenfl  U  removed.    After  the  operation 


At 


FlO.  310. — ForilioB  of  tbe  urditutl  poInU  in  tbe  acboButic  «yo,  aftvr  Hvlitilrolu. 

iht  nfncting  power  of  the  eye,  which  can  no  lotttTRr  be  nixMiminndati'd.  in  about 
10  I).  Irfiit  dinn  beforo — i.e.,  in  thr  Tiominl  eye  of  old  peniuiiB  the  lens  raises  the 
refracting*  power  of  the  e>e  \yy  about  thia  amount. 


§  2.    IMAGES  UPOIT   THE   RETIIVA 

The  size  and  jwwition  of  an  image  formed  by  a  centered  optical  avdlem 
di'jK'iidi^  not  onlv  ii|Hm  the  ttize  and  ]K>AiLion  of  the  objtTt.  hut  aUo  upon  the 
jHfriitiim  of  the  eunlinal  }K)iut»  nf  tlie  system.  Kroiii  Fig.  20'.t  il  iit  evident 
that  «o  long  as  the  distaneo  e  P  >  F  K  the  imagy  will  be  inveritd — i.e.,  so 
long  uc;  au  object  ia  beyoud  the  outer  or  anterior  focal  point  of  the  eye  the 
iiimge  on  the  rrlina  will  tie  inverte*!,  .Vgain,  mi  long  as  *•  /'  >  'i  F  E  the  image 
will  \m  «nialhT  than  its  object  or,  applied  to  the  eve.  ?o  long  as  the  object 
is  more  than  twice  tlie  distance  of  the  outer  focal  point  from  the  eye,  the 
fmftgc  on  the  retina  ia  xmatUr  than  the  object.  This  tallies  with  oar  experi- 
ence that  wo  cannot  focua  dharply  on  the  retina  rays  from  objects  lying  nearer 
the  eye  than  twice  ita  focal  dit^taiicc. 

'  Onr  (linptvr  (XV)  w  the  rofnkrlitiK  pnw»>r  of  n  Irns  with  a  focal  distance  of  1  meter: 
the  rtlracling  [N)M'rr  is  tliv  n^iprcica]  uf  lliu  (uciU  dut^ncc. 
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VLSIOX 


A.    DIRECT  AUD  INDIRECT  VISION 

When  wo  wish  to  scnitinize  an  object  very  clow^y,  wg  »o  direct  the 
that  the  middle  point  of  the  oljjuc-t  is  pictuml  on  the  fovea  centratis  of  the 
yellow  )tf>ot  ill  iht-  n-tiiiH.  This  point  is  therefore  designated  aw  the  center  of 
exact  i-iaiim.  Tlic  dinmetor  nf  tlio  fovea  according  to  FriL'*fh  is  1—1.5  nun., 
so  (hat  il  eorrc-iptiiiilrt  to  n  visual  Hiiirh;  (sl-c  page-  all)  vi  -f-^*. 

The  nervous  yWiiiynld  of  the  retina,  however,  reach  nil  the  way  to  the 
ora  sfrrnta,  ainl.  heiiig  also  sensitive  to  lifthl,  can  pnidueu  conseloug  ecnsa- 
tioiis<  frniii  hII  piirtw.  But  these  t^eniMitions.  as  ciiipartHl  with  those  Arnui^rd 
from  the  fovL-a,  art-  innre  and  more  indistinct  the  further  the  retina)  cells 
aff<*eted  lie  from  the  fovea. 

The  reader  ean  convince  himself  of  thi*  hv  a  venp-  simple  evpi^rimont.  If 
one  eye  he  oln.*prl  nnd  thi-  other  he  direL'ted  intuiUly  at  uoinc  nlijirtrt.  lu;  will  find 
that  of  nil  the  ohjeeti!  in  the  room  only  that  one  direelly  regarded  and  lho« 
lying  nearest  it  are  Keen  distinctly,  others  appear  less  and  laa  distinct  the 
farther  they  arc  situated  from  the  line  of  vision.  Vifiion  with  thoae  parts 
of  the  retina  lyinjf  outside  the  fovea  ct-ntralis  is  ealk-d  indirect  viaioo. 

Indirect  rmon  is  of  vi?ry  pM-at  scrviee,  for  by  it  we  olitnin  some  idea  of  the 
space  in  which  llio  nhject  directly  rej.'ardtHl  is  situated.  Ei^pecially  is  jt  of 
service  in  walking,  as  anyone  can  prove  to  bimaelf  by  trying  to  walk  orer  an 
'unfamiliar  path  with  one  eye  closed  and  with  indirect  vision  of  the  other 
excluded  liy  looking  through  a  tube  or  through  the  hulf-ehwed  hand.  He  tiuds 
it  difTieuU  cither  to  perceive  or  to  avoid  ohstacle*.  In  fact  even  close  work, 
such  as  reading  a  printed  pa{^,  is  much  nmre  diflicult  under  such  circum- 
stances, becauite  only  a  small  part  of  the  print  can  be  Keen  at  one  time. 


B.    THE  LIGHT-PEHCEIvraG   LAYER  OF  THE  RETINA 

The  retina  eonsiMts  of  wveral  dilTerent  elements,,  part  of  which  are  nervous 
in  nature  and  pari  iwrve  a:~  a  supporting  substance  for  the  nervous  structnres. 
J{a:noii  y  Cajal  has  published  not  long  since  a  detailed  investigation  of  the 
dtruelure  of  the  retina.  His  chief  results  eo  far  as  the  nervous  elements  are 
conti-Tncil.  uiuy  Ik;  bumiiiariwd  hrietly  as  follow;;  (of.  Kig.  311} ; 

The  rnfl  fibers  ih  h)  whose  hodie.i  toptther  with  those  of  the  cones,  «>n«ti- 
tule  ibc  outer  grranular  In.vc-r  (W)  end  inwardly  in  liltle  knotti  embra«.*d  hy  tin- 
teniiiiittl  lil«-tT<  uf  ibe  niilir  iirncc^st-*  of  Uie  dcliuitivf  bipt^lar  cells  (c),  Theae 
cell»  toilet b(.>r  wi(b  [h<>tn-'  hvU^ngiug  to  the  cones  ccmtilitutc  the  inner  granular 
layer  (£);  their  outer  tuft  of  dendrites  is  (Ureclcd  vcriically.  Below  tl)e  Idpolnr 
cell  re«»  upon  a  gang-lion  c^^ll  in)  and  clasps  it  with  fin^rlikc  branchea.  These 
fraufrlinn  cells  form  the  so-called  noiinl'"n-<;pn  layer  (f?). 

The  rone  fihrr  (fi)  «-mIi*  iti  a  hruad  base,  frnm  wbicli  shnrt  basilar  dendrites 
•re  (tivwi  off.  Wiib  these  the  dendrites  of  the  svittul  bipolar  cells  it)  belong- 
ing  rn  thf  eonc*  eiuiie  iiilo  cDutnrt.  The  onter  tnft  of  dendrites  nf  theae  hipolar 
cells,  in  eontr«»t  with  that  of  the  bipolar  cells  belonciiiR  to  the  rods,  is  quite 
flat,  and  widely  spread  out.  The  inner  imtceas  ends  at  VHriou^i  levida  nf  the 
inner  plexifonn  layer  (F)  in  n  terminal  nrbonRBlinn  which  eoraes  into  relation 
with  the  outwardly  directed  branchlets  of  definite  (fflnglion  ccIIb. 
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From  the  oella  uf  the  cniifrliou  layer  optic  fibcn  arc  glrcn  off,  forming  the 
iniii-nnoiit  layrr  (>f  the  retina,  the  nerrc-fihcr  layer  (//). 

The  Inteml  l-xIl-uI  uf  the  outer  tuft  of  dfjidrilea  of  the  bipolar  wlU  (1?), 
both  of  thnw?  u'hii^'h  vi>rrei4|Hiii<l  to  the  rods  and  (Ixwe  which  corresponil  to  th<} 
cones,  vuriw  itreatly.  In  ffent-ral  wvcral  rods  or  conea  are  connected  with  each 
of  the  bi|iiiliir  pv\U.  But  each  rone  of  the  fovea  contratia  is  in  contact  with 
the  doiidritos  nf  Imt  nxiv  tiipolar  tx-ll. 

Compared  with  the  end  arborizations  of  the  eanelion  uelU  those  of  the 
bi!>olnr  <.f;lls  ere  vury  ^rtiull;  eoiiMiLUenlb'  tin.'  suialkst  iruiucliou  ccUs  must  bo 
in  touch  with  a  reiativd.v  larjfc  number  of  bipolar  cells. 

In  flddilion  tn  these  cU-merits  iho  retina  contains  still  other  cells  of  n  norv- 
ouH  nature,  lying  either  iu  the  inner  granular  layer  (outer  and  inner  horizontnl 
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Flo.  211. — A  MCttnti  throagh  thp  retina  of  a  full-erawn  riojt,  niter  CkJ*].  A.  I»yw  at  rod«  uid 
cunue;  B,  uutvr  f;mnulur  layt^r,  ronl*iiun(;  ili'-  In.hIi««  nf  lli«  vinual  <H.>llfl;  C,  tiuirr  )itcKiC»nn 
Uyrr;  E,  itiiiL-r  frnuiuliLr  liiyrr.  rnnlaininfc  ihc  bifhilrtr  n'lln .  f,  ianur  pirxifomi  lft)-rr.  (f.  (can- 
Itliuti  Ci'll  liiyiT,  /I,  l»ytT  of  iIm-  u[>lic  fit>em  a.  i-uiu-  filter,  fc,  liotJy  niiil  filx-r  u(  n  roil  tdl; 
c,  l))|H)li>r  (vll  wilt)  ~  trrunh  "  uf  Hbrib  belonging  !<■  (he  count;  /,  giant  hi|Kil«r  rrll  willi  wide 
apmullug  brush  of  fibrils;  'i,  didusp  aiuw-rim-  rt'li,  tlic  vnrinat^  |>roec«sn  uf  viuch  ltr>  fur  Hw 
nwjBl  p<»r1  dirwtly  uii  iho  KunRlitm  «dU:  i.  luwoniliiic  ttrrv  Rhnra;  /.  nuilrifuitiii  Gbi-m;  g  and 
]/,  aptwInrKcd  rrlU  vrhicli  nrcm-Iiloiii  imprPKti'tlnl;  'i.  paiiftlioti  wll  rvci-iviiiit  «-illtiri  il  tlir  Irr- 
minal  hniah  nf  a  bipolar  coll  from  the  rodn:  m,  titirvt  Hbtr  whi^h  U  lofrt  in  the  inurr  pkxifurni 
Inycr. 

cells)  or  in  the  inner  i>Iexiform  layer  (amnrrine  eelK  h).    The  former,  aeoord- 
infT  to   Cnjnl.  arc   for  the  Tinrpose  nf  hrinpitij,'  tiefinilo  (TPoiipH  of  rod?   into 
relation  wilh  other  dpfinite  trronp^  man^  or  le>«  remote  from  ihetn.     Nothing 
[Hi«itivt<  can  U^>  Knid  ti"  to  llu*  niitnilicnneo  of  the  amaerine  eella. 
Finally,  the  retina  contains  also  centrifuRtil  nerve  fib«r«  (f). 

Which  of  these  loTers  nf  the  Tpfina  is  (lio  one  primarilv  actoA  upon  by 
the  li^hl? 

Certainh-  not  the  nerve-fiber  layer,  for  the  optic  nftrr*  is  jnrt  w  in«>n»itiTe 
to  lipht  an  other  nerve  trunVs.  Tills  U  shown  espedally  by  the  following 
eitpcriment  first  iJcrforiiiMl  by  Mariotte  (about  1665). 
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If  Uk  luft  eye  be  closwl  and  (lie  right  Iw  fixwl  cteutlilv  on  the  white  cr 
in  Fig.  213  nnd  tbc  I>or.k  lie  )u'K3  ftl  a  distance  of  nbf>ui  2.'j  t-in.  from  (he  ci 
the  white  circle  will  disappear  entirely  fmm  view,  mj  llmi.  lliP  lilnek  fltl 
appears  uniform.  There  is,  tliert-fore,  in  the  eye  a  «p"t  which  u  not  t^iuilii 
to  light,  and  whi^li  is  ciilleil  fnr  Ihis  reason  the  lilind  uprvt, 

By  iiieiiiinriiiji  llie  apparent  niw  of  the  blind  xjyd.  iind  it,-*  n|)parpnt  difttai 
from  the  fixalirm  point  "f  the  eye,  it  can  be  shown  to  eorre-ipond  cjiaotJy  with 
the  point  of  entrance  of  the  oplle  nerve,  where  the  moss  of  optic  fibers,  not 
coverwi  by  the  blatk  piKmenl.  fprend^i  oulw«ni  toward  the  traoiiparout  imHii* 


Fiu.  212. 


of  the  eyo.     The  inwnpihilily  of  the  optic  nerve  flbtTs  appears  Atill   moi 
directly,  if  by  meiinB  of  a  ^mall  mirror  the  Jifjiit  of  ii  einiiil  tiame  be  thm* 
into  the  eye  so  tlint  it  fall.-i  upon  the  point  of  entrance  of  the  optic  nem 
The  subject  experiences  no  sensation  of  light  (Daiidersj. 

The  blind  »|x>l  ia  bp  large  that  at  a  distance  of  1.7-2  m.  it  can  contnin  ll 
ipiage  of  a  rnanV  head.     Thy  reoiton  why  we  do  not  ordinurily  ini(«  the  nbji 
ill  our  field  of  vision  whidi  taitH  upoji  ihe  blind  ttpot  is.  tlmt  wft  uiic-<iii»cinusl 
Stl  the  trap  with  somi'thinjr  cinfiirmublc  to  the  n-st  of  tin-  tielil.     Mora>ovvr  tt_. 
ilirttanei-  of  the  blind  »pot  from  the  center  of  exaiM  viaion  in  Rueb  ibot  objects  ii 
that  quarter  would  be  pretty  indUtinct  if  the  spot  were  not  blind. 

Tlie  light-fjerceiving  layer  of  tlie  retina,  therefore,  must  lie  behind  t  _ 
nerve-fil>er  layer,  or  still  more  accurately  Ijehiiid  Ihe  blood  veiwels  of  the  rctlnt, 
aa  was  fir.<t  «hown  by  ibe  fuminiB  experiment  of  PiirkiTije.  ^^ 

\i  a  lieam  of  light  from  a  short-focus  leus  \yf  concentrated  on  the  ent>^| 
junctiva  of  one  eye  a?  far  as  possible  frnm  the  furnea.  anrl  nt  the  f«itu'  (inie^ 
the  gaw  of  this  i-ye  Ik;  directed  toward  a  uniformly  eolored  dark-  l>Hek;:n>iind, 
there  ap[«-ar3  at  on<*  in  the  lidd  of  vision  a  network  of  dark,  branehin  ' 
ve»(*I«.  Thi.s  network  is  nothing  elf*e  than  the  slindnw  of  the  Tes«4>la  of  ll; 
retina. 

l'tirHHJe'»  fiflure..  as  (his  rnseular  tree  is  ealleil.   is  n-nden-d  j^till    nio 
plainly  visible  if  (he  ilhiuiinating  lens  be  moved  to  and  fro;  it  can  also  I# 
pereeivei}.  if  wfiile  Ihe  gasc  is  directed  to  a  dork  background  a  bunting  candle 
he  mover!  to  and  fro  at  one  side  and  a  little  below  the  eye. 

From  the  fact  that  we  can  perceive  the  -hadnw  r>f  the  retinal  vesspla  in  oiir 
own  eyes,  it  follows  that  the  vesBcU  themselves  arc  in  front  of  the  light- 
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pp'rceiving  lavor  of  the  retiim.  Finally.  I)y  exact  phyt«iolojt;icftl  inca«urt'nK'tit«, 
H.  MiilliT  has  shown  that.  tln!  ilislarice  Ih-iwith  tht-  Vf-Asels  and  the  liglit- 
pfit-t'iving  IrtvtT  iiiuisl  In-  fnnii  0.17-0.33  mm.,  aiul  miiTnctiiincul  incasun.'- 
tneiit.')  iti  turn  hiivt'  ^hown  that  tho  distance  ((J.2-0.3  mm.)  takes  us  to  the 
layer  of  rods  und  cones.  Heucti  it  follows  with  great  probability  lliat  the  latter 
struclurw,  the  rot/*  and  cones,  arc  the  light-perceiving  parts  of  the  retina. 

Why  do  we  not  onlintirily  see  the  I'urkiiiju'  tiBuresf  Sinre  the  field  of  vision 
is  alTa.v>^  tilled  by  (ibjeols  which  aivv  mure  ut*  k^^s  iitrhl  lu  the  e.\'i*,  the  pupil  may 
be  lonkfd  upon  aa  a  lumindutr  dit^k  thnm-iiiir  liKht  \i\Hm  tlic  retina.  Nuw  the 
branchcM  of  the  ^Mitral  %'eiii  oi*  the  retina  ure  only  about  0.0^8  mm.  in  ihiek- 
newt;  And  with  a  pu|iiller>'  dlnmrter  of  4  mm.,  the  timbra  of  these  branchm 
would  be  only  0.17  mm.  hmii  mid  xo  would  not  quite  reneli  the  M-nsilive  layer 
of  the  reiinu.  The  iM'iiumb™  wliioh  does  reneh  the  rodff  and  cone*  remaina 
alwa^'H  in  the  Humc  pUiiv  iiml  we  huve  betoim-  so  aeeut^totuc-d  to  il»  prewuce  that 
we  do  not  perceive  it.  In  Purkiiijp'i*  expf-rimeni .  on  the  othor  hand,  thn  shadow 
falU  <iii  an  iinUDUnl  pla4-e  mid  the  iltuminuted  \niiin  hfl»  a  smuller  dlHineter 
thiin  (be  pupil,  both  of  which  ein.-umKtaiM-e*  tend  U»  favor  itH  ijereeptioii  in  con- 
sriousuusft.  If  (he  source  of  li«ht  be  not 
moved  the  figure  di»ap{)ear))  shortly,  only  to 
rrappoar  when  the  source  of  light  is  again 
ni'^ved.  ju-it  flit  other  objects  are  more  read- 
ily iKTcfivwi  wheu  tuoTiiig  than  when  at  rest. 


■<i'-iOi 


Another  circmnstanee  whieh  slronjrly 
fftTors  the  Hght-ptTceiving  function  vt 
the  roda  and  cotter  is  Che  fact  that  the 
other  rt^tinal  lnyer«  gradually  thin  out 
Inward  the  yellow  spot,  m  Ihflt  in  tho  very 
center  of  the  fovea  it^flf  only  cone  cells 
are  left.  Tluw  an-  eonrnfttil  with  the 
other  layers  of  the  retina  by  obliquCj 
Iflteral  hranche*  (rf.  Kig.  211). 

Seen  fnuii  tlic  outside  the  layer  of  rwli* 
an<l  ennen  forms  a  mrwaiclilcp  Hurface  ( I'ig.  813),  an  arrangement  well  adapted 
to  a  liglit-|K'rreivin)f  function;  fr»r  every  ohjeet  perceptible  to  the  eye  is  Iran*- 
funned  by  refractiou  into  a  laoisaic  picture  of  itself. 


l-'i0.213. — V1<i«r  nf  UkprotUuiilroiiraim'ii 
rram  ilie  out«r  aurfotw  of  tli«  retiiui. 
mlttr  Hmx  Strtiultm.  <i,  arranfirnMWt  nt 
nxlM (MtULlt  cirrin)  KtiO  of  i^otiM r doubJa 
cirvlm)  in  nidnt  [lartii  of  tlir  n-tiD>:  b, 
amuiKtrmrnt  in  ihr  r«Ri<>n  <if  the  iu»c> 
(ila  tiji4.-«. 


C.   VISUAL  AlfOLE  AHD  THE  LIMrTS  OF  VISIOIT 

Wherk  the  eye  reeeirej!  light  from  n  luminous  point,  for  whoso  diiitance 
it  is  nut  exactly  nccomtnorlatcil.  the  light  pro«-w>.liiig  from  the  point  is  brought 
to  a  f<H-ns  in  fnuil  of  ttr  back  of  the  retina,  and  tin  illntninnted  cin-nlHr  tlelil 
(dispersion  Liielet  is  forrue<l  on  the  retina,  the  size  of  whteh  ile|)eQds  up«:»n 
the  location  of  the  foeii«.  If  the  focus  of  the  l>eam  U  eloge  lo  the  retina, 
either  in  front  or  behind  it.  the  dispersion  circle  will  be  small;  if  farther 
from  tlie  retina,  the  eirele  will  Iw  larger. 

.\1!  rayt*  whic)i  :*»**  through  the  jmnil  take  n  c^urae  in  the  ritreouit  hoUtt 
as  if  they  prcewnled  from  the  picture  of  the  pupil  which  the  ktta  throwa  back 
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into  the  vitrwus  Ijody.    Thv  iictual  v-ize  of  Uil-  |mpil  therefore  is,  other  tliin, 
Ijeing  nqiifll.  llic  fat-lor  determining  llie  size  nf  the  dUpersion  circle. 

\Ve  hnve  aln-iutv  fioen  (|>nj;e  TjII)  thiit  thu  [tositiuii  nf  thy  retinal  picture 
uf  a  luniirKHis  i»)iut  t-uu  Ite  deteniiiiHHl  in  tht-  «-hematie  t-yi,'  liy  tlrawiitg  a 
etraight  line  from  the  objeclive  |»oiiit  to  the  firs-t  nodal  point  ami  anothei 
parallel  to  tliis  from  the  second  nodal  point  lo  the  relinfi.  In  the  rcnluced 
eye  the  two  nwlul  poinl^  enineide  nnd  the  retinal  ima>;:u  falls  wliere  a  tine 
from  (he  olijeot  llirmiph  the  nodal  point  mrets  ihe  retirv«.  Line-;  of  this  kind 
by  which  the  localion  of  the  image  on  Ihu  retina  imn  he  deterniinod  arc  calle(L< 
lines  of  iHrcclion. 

That  pnrliiutar  lino  of  dirpplion  whieh  cnnnpct;!  the  middle  [K>int   nf  ai 
outer  ohjwt  with  the  center  of  the  fnvea  in  the  retina  is  calltxl  the  line 
viiion. 

Till!  lines  (if  <lirpcti(in  enable  ns  to  determine  tli«'  Kize  of  the  imaj^*  of  aa 
object  foriiiiil  «)ii  llie  rutiiiu.  We  liiive  only  t"  draw  lines  of  direction  from 
the  extreme  ends  of  the  object  and  t<olve  the  siinilnr  trinnglo.-*  thns  formed 
(«ep  pii^':  .Ml).  By  such  a  eoniitnielinn  also  we  can  nileiilate  Jipproximalely 
Ihe  dislflnce  from  each  other  of  the  images  of  two  luminous  points  wlkicli  are 


Fio.  214.— DInftnun  ■IiowinK  t1iF  vimiiil  anfttp,  i,  r^..  Uii-  rniKli-  Hiihlrnrlcil  by  two  linm  of  dlractlc 

o"  a'  wtd  b'  t'  lliruiijtl:!  IIil'  tlrul  iiuiljil  |>oint. 


juiiL  difitinpuishnhlc.  and  can  thiw  ohlain  a  nu-aHiire  of  the  acuteness  of  vision.^ 
For  moveral  reai*oni*.  Imwover,  ihis  ltni?ar  measure  Is  not  use*:!,  but  iiuttend  Ihe 
BUgle  which  the  two  linofi  of  direction  .subtend  <Ki^.  314]   at  the   fir«it  or^^ 
secomi  n<HlHl  point.     Thi»  angle  ii^  called  the  visiml  angle.  ^M 

According  to  nn  nid  st-|ilem<'nt  by  Ilookc.  two  *tar«  whnw^  apparent  dis-  ^ 
tance  from  nne  another  iw  Iwh  tfinn  thirty  celestial  seconds  always  appear  as, 
one  *tar,  and  scarcely  one  portion  out  of  a  Inindn-d  can  dii^tingiiiRh  the  tvtc 
if  their  appan^nt  rlistance  is  less  than  sixty  wcnmlji.     Later  observers  havi 
obtnihnl  values  varying  all  the  way  fmin  lifty  to  ninety  BWiuids. 


In  ListinirV  scfhematie  eye  a  vi^iu^d  nn|;Io  nf  Rixty  fteonnds  efirrespondii  to 
distance  on    ihe   i-clinH   nf  0,(KVj;iH  mm.      Miern>*fri|iicid   mcji-*iin?iiienr--.    find    lb*; 
thirkncKs  nf  the  coiicR  in  ihe  ydluw  spi>[  tu  he  frnm  n,0(IM-n.(MI45  pun.      (Ku|- 
liker)  to  n.(Ki.'t(MJ.(W2-(>.Ulll.''.  nun.    Count*  of  the  number  of  conet*  in  the  fowa 
mudf  by  Kalwr  Ruve  for  the  e.vve  of  Blillliorn  ehilrlrcn  ]:i.20O-13,8OO  per  ^quanJ 
millimeter. 

The  limih  of  vision — i.  e..  the  ahilitj-  to  distinguinh  two  imints^therefore 
depend  upon  the  diameter  of  (he  rone;*  in  Ihr  center  of  exact  viKinn.     To  lie 
able  to  pertvivc  poiotc  nf  diijtinet  ami  separate,  they  must  fall  upon  cot 
which  are  wpiifHied  by  at  least  one  resting  cone. 


i 


STATIC    REFRACTION   IN   THE   EYE 

The  laws  of  nifraction  in  au  optical  sj'sU'in  teach  its  that  for  even*  difTcrent 
position  of  Iho  object  Ihc  position  of  the  iniagp  chanj^cs.  For  this  rea)*on  in 
order  to  Iiike  a  piclurc  on  a  rtennilivc  jilalo  by  nutans  nf  a  famern.  the  position 
of  the  plate  must  bo  ailapted  to  thfi  ilistnin-i?  tif  llie  object. 

Hul  if  ihe  plale  i*  imiiimablf,  &»  ii*  truu  of  ihi-  retina,  n  m-nrer  ohjwl  can 
Ik*  focuwd  by  usln^^  a  strnii^or  baiit — i.  p..  hy  increasing  the  rpfractinjj  power 
of  itjt  syi^tem.  Thin  is  what  hajipciih  in  tlu'  fvo.  By  nrviimrmtfMinn  (.'iii-  jj  (i), 
the  refractive  power  of  tlie  crj-stalliae  lens  can  be  increased  to  different  de- 


Flo.  3t5. — ^Tbe  lUlio  refractioD  of :  A,%  hypmmeiTopio  «yc;  A.ui  fmnetropio  «yc;  unI  C,  k 

rayo|uc  rye. 

gr«ft.  so  that  objoots  at  widely  dilTen>nt  distances  can  bo  foetuod  sharply 
on  the  retina. 

An  optical  ityetem  is  charactcrizpd  by  the  distance  of  ite  posttnor  foral 
point;  and  we  can  dislin^uish  three  kiiKl;'  of  eyes  accordinfi  «>»  the  pos^tcrior 
focal  point  is  on  the  retina,  in  frunt  of  or  behind  the  retina  (Donders). 
TTnaocomnifHlaK^  eyes  with  the  posterior  fftcal  point  on  the  retina  are  to  be 
repanled  us  nnrnuil  snd  are  calbil  ctiimi'trajne  ( Fip.  215,  fi). 

Eyes  of  llie  second  kind  wlurr  the  focal  jwiint  of  parallel  rays  Palls  in 
front  of  the  retina  are  called  mjiopic  or  nearsighted,  becauw  they  are  only 
able  to  foens  on  the  retina  such  light  rays  as  come  from  objects  at  a  finite 
distance  (Fig.  315,  C). 
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Eyes  of  the  third  kind,  where  the  focal  point  falls  behind  the  retina  are 
called  hypermetropiCf  or  long-Bighted  (Fig.  215,  .4).  In  order  that  incident 
rays  may  be  brought  to  a  focus  on  the  retina  of  such  an  eye,  they  must 
already  be  convergent  as  they  enter  the  eye.  Since,  however,  converging  rays 
never  occur  in  nature,  it  is  evident  that  a  hypermetropic  eye,  not  provided 
with  artificial  lenses,  can  focus  parallel  or  divergent  rays  accurately  only  by 
accommodation ;  in  short,  the  hypermetropic  eye,  if  it  is  to  see  without  glasses 
must  always  be  accommodated. 

Of  the  three  kinds  of  eyes  the  emmetropic  is  without  doubt  the  best  adapted 
to  its  purpose;  for,  as  we  have  seen,  rays  from  objects  more  than  5  m.  distant 
may  be  regarded  as  practically  parallel  for  the  eye  so  that  the  unaccommodated 
emmetropic  eye  can  form  a  distinct  picture  of  all  such  objects.  The  hyper- 
metropic eye  can  adjust  itself  for  far  distant  and  near  objects  by  accommoda- 
tion. But  the  myopic  has  no  means  at  all  of  adjustinp:  itself  for  distant  objects 
and  from  this  point  of  view  at  least  must  be  regarded  as  the  least  serviceable 
of  the  three. 

The  far  point  of  the  eye  is  that  point  from  which  proceed  light  rays  with 
the  least  divergence  that  can  be  focused  by  the  eye.  In  the  emmetropic  eye 
the  far  point  lies  of  course  at  an  infinite  distance.  The  far  point  of  the 
myopic  eye  lies  at  a  finite  distance  in  front  of  the  eye.  The  far  point  of 
the  hypermetropic  eye  lies  behind  the  eye.  It  represents  the  point  of  con- 
vergence of  those  rays  which,  after  refraction  in  the  unaccommodated  eye,  are 
brought  to  a  focus  on  the  retina. 

We  say  therefore  with  reference  to  its  structure  that  the  refracting  power 
of  the  myopic  eye  is  too  strong,  that  of  the  hypermetropic  eye  too  weak. 

By  suitably  chosen  lenses  both  the  myopic  and  the  hypermetropic  eye  can 
be  made  to  focus  parallel  rays  on  the  retina:  If  we  place  before  a  myopic  eye 
a  double  concave  lens  of  such  a  strength  as  to  give  the  parallel  rays  the  direc- 
tion they  would  have  if  they  came  from  the  far  point  of  the  eye.  it  is  evident 
that  now  the  combination,  lens  -f  the  eye,  affects  parallel  rays,  just  the  same 
as  does  an  emmetropic  eye. 

If  we  place  l)efore  a  hypermetropic  eve  a  double  convex  lens  which  con- 
verges parallel  rays  to  its  far  point,  then  the  combination,  lens  +  the  eye, 
must  again  be  equal  to  the  emmetropic  eye. 

The  degree  of  myopia  or  hypernietropia  is  measured  by  the  refracting 
power  of  the  lens  necessary  to  make  the  eve  emmetropic.  It  is  evident  at 
once  that  the  focal  point  of  this  lent;  coincides  with  the  far  point  of  the  eve 
and  the  degree  of  myopia  or  hypermetropia  i?:  tlierefore  expressed  by  the 
reciprocal  value  of  the  distance  of  the  far  point  from  the  eve.  This  correction 
len.*  determines  also  the  static  refraction  of  the  eve — i.e.,  the  amount  of 
refraction  taking  place  without  accommodation. 


g  4.    OPTICAL   DEFECTS   OF  THE   EYE 

In  our  discussion  thu.s  far  we  have  silently  assumed  that  the  eye  is  a 
perfectly  cnnstnicled  optical  instrument — that  its  refracting  media  are  per- 
fectly transparent,  their  surfaces  exactly  spherical  an<l  the  centers  of  curvature 
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of  the  various  media  nil  in  the  t^ame  straight  line.  Strictly  speaking,  how- 
ever thtji  i»  not  the  CMC,  for  tho  eye  presents  a  number  of  optical  defects, 
mmo  n(  wliieh  in  Ihc  iiinjority  nf  I'flsea  are  quite  ne{;Iigihle,  while  others 
occa«ioiiiilly  alTwl  ite  functional  pi»wcT  to  a  very  great  ext»'nt.  We  shall  have 
apace  hen,'  to  diseiisw  only  Ihe  moat  important  of  these  defects. 


Pia.  316. — Mrilkod.Df  tlminnslnt* 
inR  oniopile  |>li«-iiomen«  iuoDc'a 
own  «yr,  nflcr  IldmholK. 


A.   TRAHSPAREHCY  OF  THE  MEDU  OF  THE  EYE 

When  we  rememl>er  how  complicated  is  the  structure  of  the  cornea  and 
of  the  ]cn».  it  wilt  not  np)>enr  Htrange  tii»t  thei^e  media  are  found  nut  to  be 
pt'rfwlly  transpnrfnt.  If  a  strong  beam  of  light  be  thrown  into  the  eye  by 
means  of  a  convex  lens,  the  illuminated  part  of  the  cornea  and  of  the  lene 
inirnedinlrly  Iitcf^mes  vinible — i.e..  the*e  structures  send  out  from  all  points 
nil  irnj;i!iitnrly  ditfuM!  light.     Thi.'«  diffuse  light 

likewise  passcjt  to  tho  retina,  e.tcite-i   it  and  ^       *" 

produces  n  miat  of  light  within  which  tho 
itnage;-  regularly  formwl  on  the  retina  ajipenr 
eri.'»hrondiHl.  With  onlinary  il  In  mi  nation  we 
do  not  perceive  this  mist  and  it  dm--'  nnl  iiiter- 
ferL'  with  vi»iou,  but  one  may  be  made  aware  of 
its  existence  in  the  following  manner;  If  in 
the  evening  a  per.-*nn  tlirect  his  gaze  away  from 
tho  artificial  light  and  lownni  ii  lUirk  corniT, 
the  ditferemx'!^  of  light  and  i^hadow  froui  this 
quurt(-r  are  muidi  more  readily  pereeptihle  than 
o<[ual  difference*  couiing  into  the  eye  from  the 
direction  of  the  source  of  light.  The  rea.'^ori  is  that  the  mist  of  light  thrown 
intn  the  eye  in  the  latter  caise  by  the  highly  illuminateil  pupil  interferct?  with 
tlie  contrast  etTccts  necessary  to  perception  of  such  difff-rence.*.  Acconlingly, 
when  one  wishes  to  distinguish  slight  differertceji  of  light  and  .'«hade.  he  in- 
atinetivcly  turns  his  back  t"  the  ••ource  i>f  light. 

There  also  exist  in  tho  eye  certain  flfcks  whieh  under  certain  cirenmstaneefl 
may  interfere  considerably  with  perfect  TJaioD,  especially  if  they  lie  in  the 
posterior  part  of  tho  vitreous  body.  The  perception  of  these  flecks  in  the 
Irnnsmitting  media  is  dc,acrib«l  as  "  entopiic"  phenomrna.  We  have  already 
had  an  examjilc  of  sufli  iihcnorncna  in   Purkinje's  6gure  (page  TtlG). 

Under  ordinary  circumj-lance-"  thew  small  dark  fleck*  are  not  notic<>d; 
the  reason  is  that  an  almost  uniform  amount  of  light  enters  the  eye  through 
every  portion  of  the  pupil,  and  thus  the  entire  pupil  eonstilutes  the  illuminat- 
ing Rurfaee  alike  for  all  parts  of  the  posterior  portion  of  the  rye.  The  fleck* 
being  smaller  than  the  pupil,  the  shadows  cA>!t  hy  tht:m  are  naturally  very 
short  and  do  not  ordinarily  reach  the  retina. 

The  followinjT  method  (Ilclmlioltzl  may  be  used  for  demonstratinR  these 
entopie  phenomr-nii.  A  cmivi-x  Icim  n{  lurfce  «|>eriure  and  short  focal  distance 
(o.  Fig.  216)  is  placul  Wfore  the  eye;  at  some  distance  in  front  of  the  l«na  i* 
placed  a  candle,  ';,  a  email  imit(r<>  of  which  is  formed  by  the  lens  at  its  focal 
point.  Then  a  small  ncreen.  c.  with  a  minute  opcniiifr,  is  so  placed  that  tha 
reduced  image  of  the  flame  falls  in  the  opening.     If  the  image  lies  in   the 
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antfriiir  fm-al  point  of  the  eye.  the  rnys  from  it  wliirh  enter  the  eye  will  be 
parallel  after  n-frjiflioii  iniil  a  s-luulnw  of  an:*-  objt'ol  (6,  in  Fig.  217)  in  llie  viire- 
ou*  IhhI.v  which  is,  furmed  on  tliL-  rt-tiiiu  (^>  will  be  uf  llie  »anx<:  tixv  as  tbe 
object  itself. 

B.    FORM   OF  THE   REFRACTIHG  SURFACES 

Tn  he  atjie  lo  jiid^iX'  llie  fve  as  nn  ojilit-al  mstrHiiifHt  we  nuist  have 
(k'lnilwl  infonnaUoii  of  the  nctiml  f<)rui  of  the  n-fniLliii^  rfiirfacL's.     Our  know 
edge  aloug  this  line  in  liuiUed  for  the  moift  pari  U}  the  comea,  winch,  howev 

as  we  have  nireailv  ^een,  is  lliu  mo<t  importanil 
of  the  refructing  luedia  (ef.  pugc  hl3). 

The  moot  exact  fitudy  of  thts  8ubji?ct  we  owe 

/T\    6i  1  -        *•>   tiiill!<trund   who   used   the  following:    merhod. 

~^\J      I    "        j^         A  di.ik  with  i'*iii<"Pt»trio  fin-ht*  (.I'Iiiriihr»  kt-rutti- 
scope)    IN    mi    idncfd    an    lit    be    reflected    by    l 
Cornell ;   lUti  nSwluil   tmtMco  is  photographed 
Ihe  inHtsiitiiiK-ous  method;  and  the  distatu^e^ 
Fio.  21" — After  HMirilinltE.  the  circle.s   fnim   oup   another  are   meHAurtil    oB 

liiL-  |]huto|u;ru|>h.  Kniiwiiig  the  c<>rrvsiMjiidini[ 
difTc-n-nif)^  on  the  nbjiTt  mid  ihi?  (ti»t»ii't'e  uf  the  Satler  from  the  comea,  the 
radiiift  of  <'«rVBtiirc=  of  the  iliflferrnt  seirlom  of  i\w  corm-a  van  be  irnlculaled. 


i 


We  find  as  a  result  of  this  method  that  the  0|>ti<'al  zone  of  the  cornea — ^^i 
i.e.,  that  part   immediately   in   front  of  the  pupil — always'  approaeh<^i)   tl]^H 
spherical   iu  form,  Ijut  that  it  Is  often  le*s  i^liarply  enned  in  one  nit-Tidian 
than  nnother.     Instt>ai3  of  being  the  sppmoiit  of  a  sphere  with  a  circular 
eroii.«  scclion.  it  i?  tlit-n  a  ilniiiu  with  an  ovsil  cnisw  »fi;ti<ui.  ^M 

If  the  surface  of  the  comea  wci-e  always  [>erfei:tly  spherical,  it  would  share™ 
with  all  such  surface*  the  defect  of  xpherxrnl  nhfmdion  (Fig.  218),  It  will 
be  evident  from  the  figure  that  .spherical  aberration  can  be  coirccted  liv  flat- 
tening the  refrac-tinj''  surface  at  the  pcripherv  onon;;h  to  bring  the  s^T'eral 
foci  together.  GuUstrand  has  fouinl  from  his  di'tailed  study  of  the  curvatore 
of  the  conicji,  that,  »*  a  mattt-r  of  tM<t.  \\tv  sfdicrical  aberration  in  tite  vertical 
plane  ik  slightly  olTtscI  hy  a  flattening  directly  above  the  line  of  vision,  which 
ia  ]}rohah]y  due  lo  Ihe  pressure  of  the  upper  eyelid.  Klsewhere  the  flattoning 
IB  not  sulTiciont  to  affert  tlic  dlierratiori.  llcnce  we  may  say  that  that  part 
of  the  cornea  which  is  used  for  direct  vision  exhihita  tins  defect. 

C.    ASTIGMATISM 

When  the  optical  zone  of  the  comea  is  not  perfectly  ftphprical  but  tl 
etirvcj  more  sharply  iu  one  meridian  than  anollicr.   the  refraction  of  light 
will  not  be  equal  in  the  two  meridians.     If  tliiw  dilTen-nce  is  slight  there  will] 
be  no  rlistiirbaiice  to  vision:  hut  it  not  infre<|iipnlly  happetis  that  the  asyr 
metr>-  of  structuro  jio  great  enongh  to   interfere  with   the  ability  to  fc 
correctly. 

.\  beam  of  light  which  is  not  brought  to  a  single  point  after  refractior 
but  has  different  focal  distance*  for  diffcrcnl  meridians,  is  dcscrihctl  as  nMifi 
malic.    If  the  two  meridiantt  in  which  the  focal  distance  \s.  greatest  and  least 
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arc  perpendicular  to  each  other,  the  itstlgmBttsm  is  itescrilxKl  as  regular.  We 
t<hall  di:4ou.-tii  only  ihis  kind  of  Astijfmntism  h^re. 

An  astipmnlic  beam  rrmy  Ik^  runiin)  in  two  ways:  (1)  When  the  optiRal 
eyi^tein  is  a>>,vniiiiclriL-al  uud  the  incLcIeiit  rays  vcrlicul;  aud  (3)  wheu  the 
opiifal  syHtom  is  ajinmptricfll  nml  the  incident  rays  ohliqiio. 

The  fin't  oasf  i?  tlw  fiinplwt  (for  the  se(«nd  *tei'  piipe  5'^5).  Suppo;«!  we 
have  a  lens,  which  in  the  horizontal  ineridiun  has  a  refractive  power  of  10 
elinplers;  in  the  vertical  meridian  a  refractive  powor  nf  13  diopters.  It  is 
evident  that  tin;  liuiim  iiflcr  refraction  \\i\]  ini  lont-er  have  a  (Himmon  forus, 
for  the  incident  ray*  in  llie  horixf>iittit  meridian  arc  hrmi^fht  to  a  focus 
jV  ■■>■  l>etiind  Lhe  lens  and  those  falling  in  a  vertical  meridian  ^  m.  behind 
the  lena. 

Fupthcr  study  of  the  prntiK-in  has  shown  that  if  no  nrcount  he  token  of 
the  sjiln'riual  alxfrralion.  the  lijrht  rays  inj'testl  of  twinf;  eonvcr^Hl  to  foci 
at  the  focal  poinli!  of  the  two  nioridians  are  converjie^l  into  a  focal  line  pcr- 
pendiirular  Ut  the  )iriiicipal  ray  al  each  of  tliose  points.  The  first  focal  line 
cnpres|>oiids  lo  the  focal  point  of  the  miTJiIian  with  the  stmnjjcst  n-fraetivo 
pnW)T  and  i-»  perpendicular  to  that  nu-ridian — i.  c,  in  the  plarw  of  lhe  weakest 
meridian.    The  second  focal  line  corrc^pomU  lo  the  focal  jKiint  of  the  weakest 


Flo.  21B. — Illiwtntting  iipli<^r>Hl  nbtTrnlitm.     T1m>  ny»  [wmlld  to  \hr  »xis  (if  tht>  ajralmi  *n 
eonwritnl  to  foci  ncvtrvr  luid  nearer  iln*  "rnvt-x  Eiirfnc-<-  ilip  farthtT  ttii-y  mtv  r«m>v«|  (tmu 

meridian  and  is  iR'r|)endicular  to  that  meridian — i.e.,  in  the  sanie  plane  a^  the 
strongi'sl  meriiliaii. 

Ill  front  of  the  first  focal  line  the  licam  of  ray»  forms  in  a  cniKS  section 
on  ellipse  with  the  lon^'r  axis  in  the  direction  of  the  first  focal  line,  beyond 
the  scc^iiid  focal  line  the  beam  forms  an  ellipse  with  the  hinjfcr  axi^  in  the 
dirwlum  of  ihf  wvond  fm-al  line  A  transition  front  lltr  one  elongation 
to  the  other  takes  place  helwivn  the  two  foi-al  linen,  the  upright  ellipse 
becuinintf  (irst  a  circle  and  then  a  procumbent  ellipw  ( Fi(.',  til*!). 

In  an  asti<rnvatic  eye.  therefore,  a  hoinocenlric  '  bundle  of  rays  cannot  be 
hmuylit  to  a  sin^ile  focus.  When  the  eve  i-*  adjusled  for  the  mtst  rcfracliTe 
meridian,  the  image*  on  the  retina  arc  all  dra»*Ti  out  iu  the  direction  of  the 

'Tin'  ia.  nty«  pmrvedini;  from  a  comnion  pmol  or  nyn  whii^h  paa  through  a  cnmnion 
point  ivlwti  prolonged. 
89 
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first  focal  line;  when  it  i»  ndjustoi]  for  tlift  Iwist  refractive  meridian  the 
rplinal  images  are  dniwn  out  in  (lie  Jireotinn  of  tlie  seeoud  foeal  Vmv — in 
Iwilh  cMfiert.  llifrefore,  distorttil.  To  prevent  this  tlie  eye  is  adjusted  art  tliat 
mine  point  belweeii  tliu  Ivro  focal  line!<  falls  on  Ihe  retina.  The  di^tnrtiaa 
(it  objects  is  tliercliy  rendered  less,  but  the  distinctness  of  iLe  image  is  more 
or  lesg  rcduceil. 

AvtiKmatiHiQ  m»y  be  deinomsiTnivd  -lubji^cliTely  \>y  the  uae  of  a  clmrt  (lilwi 
that  ill  Pifi.  SSO)  composed  of  several  radii,  all  of  the  Bume  vidth  and  depth  of] 
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Flo.  219.— 'RM'nuTtinn  nf  thp  ii^it  nyn  in  tv^lar  iMtlpniiliun,  slmwinK  lite  form  nf  »  boam 
dlfTcrmt  erom  acclicins,  niter  Viuhn,  v  v. .  vt<nieA\  DirHiiiwior  tli«  cornea:  h^K  lli«  horlumUl ' 
mrtiilinn.  The  ffti-un  fnr  iW  ftiiriwuitftl  mc-riiliari  la  «1  f,',  llmt  for  tlic  vr-rtiral  tiirridian  mC  f;  | 
tlieuuBgenra  jHiint  ]»,  i^n-cforr,  nnl  n  pnttir  hut  BiliHprrnioti  riivliv  Thr  ahs|«e  «<  the  eirde,ri 
hnwwM>,  lit  •Mt-riiiiii('(l  liv  tlir  i»|>ut  nl  wliii-li  tUi>  rfiinii  in  Miuatn)  At  llut  paantion  2,  ttsj 
itnogf!  of  a  ]>ninL  noulil  U-  ii  virtirnl  llnr,  nt  1  n  rirder.  »t  (I  a  liArLiMtHtal  lin«.  CM. 

color.  If  ihis  chart  Imi  lu-ld  U-fdw  the  eje  at  Ruch  a  distance  ihflt  only  one 
meriditiii  eim  bt.-  wcii  dittinclty.  t)ii«  nu^rldmn  (T(>rrps])ond9  in  dirwiion  Id  the 
mom  rt-fractive  mcritlian  of  tlic  cyv,  and  its  imtiKi*  on  I'le  rvtina  to  tint  i<wM«imd 
focal  line.  If  now  the  eliart  he  hrouiilit  ns  dose  to  the  eye  »•*  poesible.  Hiintn 
nnty  orn*  meridian  in  distinct.  In  n^ular  ai^tiginflttxm  ihis  meridian  is  at  rijrht 
anglca  to  tlio  first:  it  give*  the  direction  nf  the  least  refractive  meridian  of  lh« 
eye  and  ils  iinaKo  correttpond^  to  the  fir^t  focnl  line. 

A  certnin  dcRntf  of  ssliftmaliHtn  uccurn  in  idl  eyes,  ullhuuiih,  ai»  a  rule,  it  | 
Is  no  slight  as  to  have  no  prncticnl  iiniiortnncc.  The  natiKmaliiim  which  causes  j 
a  notic«*«Me  diatortion  of  imngcs  ia  caused  mainly  by  ihc  asymmetrical  atrue- 
ture  of  th«  cwrnca. 
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As  B  ra!«,  howpvor.  the  BctunI  asiifonatittm  of  the  comra  i«  gM-flter  than 
thf  total  aittipmiitism  an  di^it^nuiued  b.v  the  subjective  raothod.  This  means 
that  it  ii4  eoiiii>eiiMt«d  lu  Bome  eitviit  hy  some  »tru<;ture«  in  the  eye  itwlf — as, 
e.  if-  the  letift. 

Accortliiiir  to  mcasumncQta  made  by  Nordciieoa  on  pupils  between  the 
Af^es  fif  jM^vt'M  Mild  twenty,  out  of  4.'>2  e.ve«  examined  only  42  (nine  per  c«nt) 
had  no  Hsrif^atism  of  the  comt-a  which  could  b*  doteoti-d.  Sixly-nim-  pupils 
had  nn  astiKniali^ni  of  more  than  1  diopter,  and  four  on  astiKinatinm  of  moiT 
Ihiui  1.5  I),  i [tiwf7Vi?r.  n  ncirmal  arulemiis  of  vifiimi  i»  i>c>rfti;tl,v  pwsille  with  an 
nstiirTTiiirism  of  l.S  diopter?.  In  >5.1  per  cent  of  the  nxtitcniHtic  eyf«  cxainiried 
the  vertieal  meridian  was  the  most  n^fraotivc:  in  1,5  per  cent  the  horiKontnl. 
and  in  1H.4  j«r  cent,  an  oblique  meritlian.  In  the  majority  of  cases  therefore 
the  vfrtieal  meridian  is  the  most  nharply  curved. 

The  diffcreuee  in  Btatic  refraction  between  the  mtwt  refractiTe  and  the  least 
rofnictive  meridian  «f  the  e^'e,  exptvssMl  in  diopteni,  i«  kuown  as  the  dtgrnt 
of  astifimaiisnu  After  this  haa  bet-n  determined  fby  methods  which  w«  cannot 
discu^x  here)  it  can  be  corrected  by  meant)  of  cylindri- 
cal It-nseK — i.  e.,  Klaniu-H  which  repreMCnt  Ket^menta  uf  the 
curved   surface  of  a  cylinder. 

In  usinif  such  ifluitiieFi  for  the  correction  of  UHliKma- 
tism  the  glao^  ih  bo  placed  that  its  own  asymmetry  is  tlie 
reverse  of  that  of  the  eye.  Suppose  an  ej-e  were  myopic 
in  the  vt'rticul  mendian  tinil  emiuftropic  in  the  h<irir.»nlal. 
Then  the  eye  could  be  made  emmetropic  by  placinR  before 
it  a  i^uitabk-  conc-ave-eylindrieul  ttlaog  witli  a  curvatun>  in 
the  veriieal  meridian.  The  myopia  in  this  meridian  would 
be  corrcctetl  by  the  curvature.     Itay*  falling;  in  the  hori- 

CODlal  lueridJau  ivuuld  not  he  refracted  at  ail,  and  would  not  need  lo  be.  for 
the  eye  we  Hiippoae  ia  already  emmetrojiic  in  thai  meridian.  Corrvelion  for 
Ather  !(orta  of  astigmati^ro  and  for  aitigmatiiim  combined  with  myopia  and 
hyiKTmetroitift  can  readily  he  devi»ed  by  the  n^ader. 


/ 


V 


Fio.  2aa 


D.    THE  ANGLE  BETWEER  THE  LIRE  OF  VISIOR  AHD  THE  VISUAL  AXIS 

The  laws  of  refraction  thu'*  far  di^ca^tsed  proceed  op  the  awumptioD  that 
the  line  of  viiiion  cnincideii  with  the  optical  axis  of  Uic  eye.  But  this  ia  not 
the  pase.  The  line  of  vision  iu  front  of  the  eve  lies  inside  of  and  somewhat 
aljove  the  optical  axis,  the  center  of  exact  vision  therefore  lyinjr  outside  of  and 
tfomewhnt  Ih'Idw  the  axis.  In  Fig.  '^10  (page  TA'A)  G,  0,  marks  the  line  of 
vision ;  F,  F„  the  optical  axi;*. 

The  an^lc  lietwccn  the  line  of  vision  and  the  optical  axis  is  designated  aji 
the  angle  a.  ItK  sizu  in  thu  horiwotal  tneridian  is  3.5°-7.0*',  and  in  the  vertical 
appwwimiatoly  3  5*. 

The  rays  of  light  entering  the  eye  in  the  line  of  virion  therefore  strike  it 
oblitiueEy.  Under  these  circumstances  a  homocentric  beam  remains  no  longer 
homoccntric,  but  becomes  asligmatic  (flee  page  523),  the  rays  falling  in  the 
hninzontal  meridian  being  most  strongly  refracted.  This  aKtipnaliwrn  how- 
ever 18  more  than  compensated  by  the  ordioar)'  astigmatism  of  the  oppoeite 
kind  in  the  cornea. 

A:«uming  the  angle  a  to  be  5°.  Clutlfitrand  catcniated  the  inflnenop  of  the 
oblique  incidence  of  the  line  of  vidion  for  the  schematic  eye  and  found  that  tlie 


526 


VISION 


distance  between  the  two  focal  lines  was  only  D.OS  mm.  and  the  drgree  (i( 
astigmati-sni  only  0.1  (iioptor.     These  fipures  explain  whv.  a#  has  long  KeeB 
knowu,   the  sharpness  t>f   vision  cnitimonly  suffers  no  reduction   from   tt 
kind  of  astigniatUm. 


E.    CHROUATIC   ABERRATION   m  THE  EYE 

Tlie  refractive  imli'x  of  mpIiiI  iiinl  lii^uid  iiicclia  is  different  for  rays  <> 
difTtTeiit  wave  k-ngth — e.  g„  that  i»f  wutcr  for  red  (sitcrlnini  lino  O)  is  l.Saitf* 
mill  for  vioU't  (i-pt'clruni  line  (J)  !.;ill'JS'».  F-t  ii  lonj*  lime  it  was  supfx>?« 
to  be  iwpossiblu  to  prevent  this  dispersion  of  li^'hl  into  its  colors  in  any  optit 
system.  Lalcr,  bowcvcr,  it  was  ithown  to  be  possible  and  instrumenta  hai 
long  since  hi}Qa  constmetcd  in  which  no  color  dispersion  at  all  occurs. 

Our  oviiryday  experience  teaches  lis  that  the  phrniiiatic  aberration  in  th 
eye  cannot  tje  vei-y  irreiit.  for  in  nrdiruiry  hfe  it  if  nlnuwt  entirely  unnoticeabti 
But  more  vsaci  iuvesti^^aiiou  of  tite  subject  shows  that  the  achromatieiu 
tlie  eye  is  by  no  means  perfect. 

Since  the  refrnetive  indioe*  of  the  optical  media  in  the  eye  for  the  mf 
part  do  iii>t  differ  much  from  that  of  water,  Hclrabult-t  calt-ulated  the  di«[>cnia^ 
for   the   reduced   eye   (:iee  puge    ^V2),   on   tlie   tununiptiou   that    water   v/aa 


Fio.  221. — I>i»f[nuii  tUuatraUug  iId;  chrguiatic  nbvrrnlion  of  ho  ey«. 

rfsfractive  ttubstanee  throushnut.  nrid  found  thnt  the  posterior  ftical  diMancc  fc 
red  (line  C)  was  2l>.574  nun.  und  for  vioh-t  (.line  G)  20.14  mm.     Actually  il 
color  dt»pcr!iion  in  the  human  eye  n|ii>cars  to  be  somewhat  greater  (the  disi 
between  iIk*  fiicjil  iioiJib*  of  red  uud  violet  0..''ifM).»J2  inrti,  iuate-ad  of  n.-iSA  mra.}^ 
Aceurdiiig  to  Einthoveii.  the  differt^nce  in  focal  dUtauoe  between  the  D  and 
linc»  ill  the  schemalic  e.ve  is  0.212  mm. 

There  is.  huwuvcr.  a  iitiyHiDln^icnl  ivanon  as  well  as  a  atruetunil  niie  why  tl 
color  disprrsirtn  is  not  plaiidy  noticeable.     Wlieii  white  lijtbt  cntera  the  eye  and 
the  eye  udju^ts  itself  for  the  must  BtrcnKly  effective  rays  of  medium  wave  leitfrt],, 
the  latter  comp  tumether  on   the   rctiiia  mIiihwI,  t?xttclly   in   one   |K>inl,   which  is 
surrouiidet]  by  a  frini^  uf  red  and  vielet  rays,     lint  the  exciting:  effect  of  rays 
of  very  great  or  verj'  small  wiive  lencth  iri  relatively  ^litrhl,  consw-Quently   i1 
bction  of  the  frinni'  zone  in  LtunimriMm  with  that  of  the  center  is  m'g'lifrihl 
Bendca,  the  i-euter  is  more  Btrongly  illnminated  than  the  frinpe  tone  becauM-" 
lays  of  all  wave  lengths  strike  it,  , 

The  same   thinf^  ii*   true  (if   the  disjier-ion   circle*  caused  by   the    •pherica^H 
aberration  when  the  e.ve  is  adjusted  fo  the  focal  point  of  the  central  rays.        ^H 

Only  one  experiment  im  color  di^jieraion  in  the  eye  cuii  be  dcRcrilKHj  hrrc. 
If  one  holds  before  an  ordinary  pffrnlcum  flame  a  screen  with  a  narrow  oppt 
ing  in  it  and  behind  this  n  e<ibidt-lilu<'  glnss  wbieli  shut«  <iu(  m(«t  uf  the  orai 
yellow  niid  grwii  rays,  but   letg  thmuflh  an  ahundaitoe  tif  ultra-red.  indifto-bli 
and  violet  ray»,  the  openinc  may  be  t^een  as  a  luminuUM  [njinl  aviiding  out   red 
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and  violet  rays.  Now  thU  point  Appeam  difFcrently  to  the  observer  according, 
to  llw  distuncc  for  wlik-b  llit-  i\ve  is  udju»1w3.  If  it  it*  udju»U-d  for  tin-  ntl  ruj^t,! 
ihcre  nppeiira  a  red  spot  wiih  a  violet  halo;  if  it  is  adjusli^  for  the  violet  nty», 
a  vioU-i  point  with  a  n-d  halo.  This  will  lie  eviduul  (pom  Fig.  218  if  odo 
imiifrincA  the  rctinn  in  the  tirst  eo«e  in  Iw  Vteiited  nt  r  iin<l  in  the  spfvmf!  at  r. 
ThiB  experiment  is  i>artipii1iiriy  benuti£ut  if  an  electric  ineanili-^'rent  lamp  be  uw^l. 
The  eulured  drt-'lej)  of  suhjeetivc  oriuiii  (II.  Meyer's  riiiu^)  wliieh  are  per- 
CFptihle  arciunti  n  »nurce  of  li^ht  under  certain  abnormal  eirennit'lBiieeH,  as  in 
eonjuTiciiviiis.  or  iifltr  ihc  effcet  of  nsmium  vapor,  art'  i<i  l«-  expliLined  hy  th« 
difFractinn  of  the  liRht  about  dead  epithelial  cells,  mncoUA  corpiiwleo,  etc.,  on  tlu! 
surface  of  the  cornea.  A  ttirailar  color  phernmH-rifin  (Donder's  rinjf«)  i.**  pro- 
duced by  diffrnclicn  tit  the  edses  of  the  leji».  but  this  occurs  normally  only  when 
the  pupil  is  Kn--atly  dilated  (Salomousohn). 

P.    SUMHART 

SuniinBrizinfi  the  optical  defeclji  of  tlm  pyo,  wo  may  gay  that  while  it 
exhihitK  various  defectis  wliieh  could  not  l)0  pcrniittwl  in  a  good  optical  inntru- 
ment,  yet  ilK  eapaeity  as  an  organ  of  \i»;ion  is  eurprisinirly  little  interfered 
with.  The  ohliqne  incidence  of  Ihe  line  oX  vision,  the  dilTerencc  in  the  re- 
fraelion  In^twii'ii  the  difTeri'iit  nieridianH  of  the  t'lnifa.  (he  imperfept  rorrec- 
tiou  of  B|»lti.'riual  and  ehroniatic  aln.*rra(ion — none  of  iJieMf  nar  all  of  Ihcse 
together  diminish  the  capacity  of  the  eye  to  such  an  extent  a«  to  produce  any 
perreplihle  distxirbanees  in  vision.  But  this  is  true  only  of  Ihe  normal  eye. 
Il  hnji[>cn!t  not  infrequently  thai  these  defeets  exceed  the  normal  limits  and 
then  the  eye  must  la*  dr-serilK'il  as  a  rather  poor  optieal  instrument.  Often- 
times in  such  cases,  (he  optical  properties  of  the  eyu  can  be  very  coueideraUy 
improviHl  by  practical  treatment. 


gr>.    THE  IRIS 

Tn  order  that  a  proper  ima^e  forme,!  in  a  rnmpra  may  not  He  interferwl' 
with  hy  lijfhl   n-Hectenl   from  the  inner  watl.K.  the  laller  an'  alwayc  enverwl 
with  a  dull  blaek  i-olor.     TIio  rHinal  pigment  and  the  strongly  pigmented 
choroid  i-oai  sen-e  the  saine  purpose  in  the  eye. 

The  irts  which  is  but  the  anturior  prolon^fation  of  the  choroid  cost  like- 
wi>;e  ha.-*  nn  important  function.  It  has  U-on  shown  that  iho  li,ws  of  refrflclinn 
in  ati  oplicfll  system  hold  pood  in  ease  only  such  rays  enter  as  form  a  very  huihU 
angle  with  the  optical  axii<,  and  the  peripheral  rave  are  ahul  out.  This  exclu- 
sion of  the  peripheral  rays,  so  impf)rlant  for  the  clearness  of  the  images,  ja 
provided  for  by  the  iris.  The  pupil  can  Ik;  conslricled  or  dilated  by  con- 
traction of  circular  or  radial  fibers  rcspe^^tively  in  the  iris.  Such  aherations 
in  the  size  of  the  pupil  serve  the  optical  requiTt^mentw  of  the  eye  in  two  ways: 
in  near  vision,  if  thi?  is  accompanied  hy  convergence  of  the  optical  a.xes.  the 
pupil  conatricts  and  thereby  contrilmles  to  the  sbarpnees  of  the  ima^e;  again, 
when  the  asymmetry  of  (he  cornea  is  great,  Ihe  resulting  astigmalism  Is 
counteracted  to  a  certain  extent  hy  constriction  of  the  pupil.  The  pupil  has 
in  addition  the  important  function  of  protecting  the  retina  from  too  intense 
a  light;  it  constricts  la  strong  light  and  dilate:)  ja  weak  light. 


528 


VISION 


A  B 

Fin.  222.— ^Thc  iri.i  of  n  cot.  A .  iit  rMrt ; 
n.  rill  itlimulaliiiK  11  H*  llii*  upiwr 
rijtht-luutd  ndtt  (LansLny). 

nerves  to  the  sphinder  pupilla'. 
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Vomtrietion  of  (Ac  pupU  i(<  taused  by  contraction  of  a  circular  muscle, 
compo-ied  in  mwt  nnimnU  of  smooth  muscle  iilwrt  and  kuowu  a^  the  sphinc- 
lor  of  thfl  pupil;  dilntntion.  Iiv  smooth  i-adial  filiRM  known  t-olleclively  as  ihe 
dilator  of  the  pupil.  Thf  exiijlence  of  an  independent  dilator  was  conclu- 
sively proved  several  years  ago  by  the  physi', 
ologjcal  expcrinicuts  of  Laogley  and  An- 
derson ;  it  has  recently  bpco  demonstrated 
analimiictilly  hk  wfll. 

Tilt  tnuK-leit  yf  the  iris  receire  tfarf' 
mrn'M  hy  both  oerebral   anil  t<ynipat.hct te 
pathways.     The  constrictor  libera  are  found 
in  the  ocnln  motor.    From  this  nerve  ihrr 
pa^.4  over  lo  the  ei'liary  ^Hti^'Iion.  eonne<:l 
there  with  nerve  cells  (LangernhirlT),  and 
fontinuG  thenco  through  the  short  eili 
Stimulation  of  a  single  one  of  the  sh 
ciliary  nerve;'   cause.*  only  partial  contractioD  of   the  sphincter,  »o  that    the 
pupil  takes  an  irre^iihir  form.     It  i:^  totaled  that  the  oculo  motor  at  the  same 
tiui'i  inhibits  llie  dilatur  of  the  pupil. 

The  dilntor  fibers  of  the  pupil  cnme  from  the  aympathctie-  They  pass  out 
of  the  s|)in«l  cord  by  the  anterior  roots  of  the  seventh  to  the  eighth  rerviral  and 
the  first  to  the  serond  thnrafic  spiiinl  n*rvcs,  pfti  to  the  first  thoracic  tiraufclion. 
lh«*n  throuKh  tlie  aiiteritir  arm  uf  tho  aiJiiulus*  nf  Vitiussens  to  the  inferior 
cervjeal  BHiiBlion.  nnd  frmn  (lii«  by  wuy  cf  Ihe  trunk  of  (he  cvr^'ical  Kyniituibetia 
to  the  superior  rer\'if.Tl  RnnK'lirm.  From  the  sup<-'rior  cervical  gnnglion.  iho 
fibers  pass  ti^  the  Oasscrinn  gnnglion,  follow  ih**  triffPiTiinftl  and  traverse  the 
Innfit  ciliary  nprvi-s,  n-ithout  eoniiectinK  with  Ihu  ciliary  gnttglion,  to  tlie  iris. 
Stimulntion  of  the  t;.vinpuihctic  is  t^uid  to  cause  inhibition  of  the  ftpbincter  as 
well  aa  exeitatiori  of  the  Hibilnr  (Kcid). 

Both  constrietor  and  dilntor  fibers  of  the  pupil  are  in  a  state  of  tonic 
exeitfltion:  when  the  nervicnl  Bympnthcttc  is  cut.  the  pupil  constricta;  when 
the  ociilfi  motor  in  cut,  it  dilntcs. 

The  folloninK  experiments  by  T..anff]ey  and  Anderson  show  that  the  dila- 
tation of  the  pupil  is  nut  merely  a  matter  of  inhibition  on  the  part  of  the 
iphiucter  (lupillie.  When  the  scleroiic  waa  Htimulatcd  lot^ally  with  the  indue- 
linn  eurrenr,  n  ^hort  local  dilalntion  of  the  pupil  (Fie  222)  was  obtained. 
Were  the  dilatation  rlue  solely  to  inhibition  of  the  sphincter, 
the  nrnveineut  would  have  bcLTi  uniform  hU  anniiid  the  pupil. 
Again,  when  a  Hector  of  the  irie  is  isolated  except  at  its  ciliai? 
attachment  by  two  radial  cuIk  (F'lii.  32.1).  this  f^ector  shortens 
both  on  direct  stimulation  and  on  Rlimulntton  of  the  cervical 
sympathetic. 

Changes  In  the  diftmeter  of  the  pupil  under  normal  eir-  Lu^«y. 

cunistance«  are  for  the  most  part  produced  refle.\ly.     The  most 
important  of  these  reflexes  h  mediated  by  the  nptlc  nerve.     Con.-itrietinn  Ix-^ns 
witliin  O.^-O..*;  a«H)nd  and  reaches  it.s  mnximum  in  nhout  0.1  sernnd  ihcn-afterl 
(Tiittinj,').     It  rwpiires  but  an  instant aneouj;  i\aAi  of  light  to  call  out  the  rc(\t' 
connlriction  (v.  Vinlschjrsu). 

In  all  animals  in  which  only  part  of  the  optic  nta-vc  fibers  cross  at  th 
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chinKin  {mfln,  monkpy.  predatory  aninialij  and  some  rodcnU)  contraction  nt 
botli  iiii|hIh  ri-riiiJts— i.  «.,  the  ivllex  escitatiou  passes  over  from  one  optic  oerve 
tn  Uiitli  ociilo  niolnr  ncrn.-s  wIk'H  li^lil  enlt'rs  Imt  oni;  eye. 

iSliimilation  uf  otlit-r  atlereut  ucrvtw,  uiiil  p(>werfiil  respiratory  minemuiite, 
aei  in  ilyspniva,  b'tc..  htv  an  a  rulu  accDiupatiiinJ  Ity  (lilulatirni  n{  \\ni  pupil, 
ahhoujiii  rolli-Y  ofmslriclinn  has  ;il^  l.rcn  nttsi'nwi  with  nach  stimulalion. 
LikcwisL'  i^tiiiiulatioii  (it  llii_^  iig«)t<l  widdy  iJilTcruut  parl^  (if  llii;  lirain.  ccn^bral 
cortex  (motor  zone  and  temporal  convolutions),  corfiora  striata,  oplic  thalami, 
anterior  find  posterior  (firpora  f|Uiidri^i?minn.  produces  dilatation.  DiUlation 
of  ihe  pupil  on  slinuilalion  of  iilTfit?nt  niTvos  as  well  as  on  rjlimulntion  of 
thfM^  VrtrioiDi  parU  of  tliy  lirain  in  ninny  t-aiies  jM-ritiiits  aftvr  tiilfltond  sci-linii 
nf  litttli  llic  ciTviMl  sympalliflic  and  llie  trigeniinid  mtrvcn.  It  niiii^t  hi}  ru- 
ganli-il  therefore  a.^,  in  part  at  least,  the  result  of  inhibition  of  the  eoUMtrictor 
center. 

Tln^  tonus  of  the  constrictor  nen-es  is  mainly  of  ndlox  origin,  for  after 
wctiou  of  Ihe  optic  ncrvt-  stftioii  of  iiw  oculo  motor  no  longer  prmhiuPii  dila- 
liilion  of  the  pupil  (Knoll).  But  sttmulation  of  llip  optic  ncn.*e  cannot  Iw 
till-  Hilly  camit,'  of  Lliu  .•sphincter  lonuH,  for  the  pupil  is  fitrongly  coui^triclud 
in  sleep. 

Thf  renter  for  tlic  ennatrirtor  nerves  of  the  pnpil  in  to  bo  «oujtht  in  tlic 
nurleu*  i>f  the  nn-uiii  iiii'lifr  nerve.  At'oortling  to  IleiiH^n  and  Volckera,  in  lhi» 
duK  it  ties  in  the  Jluor  of  the  third  vciitnele  close  to  the  nquediict  of  Sylvius  and 
a  little  |KJ»terior  to  the  eeiiter  for  uccnmnimintiun  (Fiii'  23l0> 

The  center  for  the  dilatation  of  the  |>U]*il  wiis  locntol  hy  Hndfre  in  the 
crrviwd  cnn:!  (tvntruni  i-ilin  Hpinnli'):  <«llu'r  imtlKim  iiave  Nh-ii  led  li,v  tht-ir  inxv*- 
tiKntiiiiis  to  einit'luik'  thiit  tlie  wnti-r  is  located  in  the  brain  and  ihat  fibcm  pawt 
iheiHT  down  ihr  cnrti  tn  On-  mi.lw  id  exit.  Since.  huwevcT.  afti-r  Buetitin  uf  the 
cord  high  in  the  nock,  the  ]tu|)il  \<  (Iilfl1e<l  on  Htiinulnliim  of  the  seintie  ner\'e, 
hnl  is  iilwny!»  «in.*trirte'i  hy  *Mv-tion  of  the  ccrvicnl  cord  alnnc.  we  may  iK>r1iit|M 
Hufely  infer  thai  ihere  ix  »  et-nler  in  the  cord,  ihc  normal  tonic  influence  of 
which  is  to  ke«p  tht  pupil  dilated. 
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§6.    ACCOMMODATION 


A.    RAKGE  OF  ACCOHHODATtON 


A  point  of  li;Tht  starling  from  the  far  [MiiiU  of  the  eye  and  hrouj^hl  gradu- 
ally nearer  to  it.  can  be  kept  fmstanlly  fcicustit  on  the  rvtina.  Hut  thin  in 
possible  only  np  to  n  oorlain  limit,  ihore  lieing  for  every  eye  a  near  point 
whence  it  ren'ivfs  tlic  nuwt  ilivcrpent  rays  which  can  l>c  focuwd  on  the 
retina.  In  order  that  these  most  divergeril  raya  may  l»e  focused  on  the 
retina  the  refraction  of  Ihe  eye  iniwt  be  increaft«t  in  fwme  way.  The  cluingo 
in  tho  eve  hv  which  thii«  i.*  accnnipH?tliM  ts  called  acrtimmmiation.  Know- 
ing the  fnr  point  and  the  near  point  of  the  eye.  it  i?  very  ea>;y  to  calculate 
how  much  the  refraction  is  increased  hy  ficpommndation. 

The  focal  distance  of  Ihe  lens  which  will  jrive  to  the  rayn  procc^ing  from 
the  near  point  Ihe  direction  they  v.-ould  ha^-e  if  they  came  from  the  far  point 
furnishes  the  measure  of  the  ranqe  of  accommodntwn. 
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We  bare  here  to  distinguish  between  range  of  aecommodatioa  and  Zhm 
of  accommodation.  The  former,  as  just  stated,  is  the  measure  of  the  iacrewe 
in  refracting  power  which  can  be  brought  about  by  accommodation,  whereas 
the  latter  gives  that  depth  of  space  within  which  the  eye  can  form  by  the  help 
of  accommodation  a  clear  picture  on  the  retina.  The  range  of  accomniodation 
is  entirely  independent  of  the  static  refraction  of  the  eye;  but  the  line  of 
accommodation  varies  considerably  in  eyes  of  different  refractive  conditions. 

The  range  of  accommodation  decreased  gradually  with  age,  as  the  following 
table  compiled  by  Bonders  will  show: 


AOK  IM  YiAas, 

Range  of  accomiuodatfoD, 
DtopCera. 

AOE  IM  Years. 

R&Q«e  of  aooommotUtloa. 
DIoptsrm. 

10 

14.0 
12.0 
10.0 
8.5 
7.0 
6.B 
4.5 

45 

8.6 

15 

50 

8.5 

20 

66 

1.75 

85             

60 

1.0 

80    

ft5 

0.75 

85        

70 

0.35 

40 

75 

0.0 

This  gradual  diminution  in  the  optical  power  of  the  eye  is  called  presby- 
opia.    It  must  not  be  confused  with  hypermetropia,  for  hypermetropia  is  a 


Fio.  224.— .\fter  HelmhoIU. 

particular  kind  of  static  refraction,  while  presbyopia  i.s  caused  by  a  loss  in 
the  power  of  accommodation. 

Presl)yo|iia  is  treated  with  convex  lenses,  tlie  .strength  being  so  chosen 
that  rays  procwKliiifj  from  a  point  lying  conveniently  noar  the  eye  appear  to 
come  from  the  actual  near  point.  Objects  can  then  l)e  held  at  any  distance 
and  be  clearly  focused  on  the  retina. 


B.    MECHAIfISM   OF   ACCOMMODATION 

The  change  in  the  optical  apparatus  which  takes  place  in  accommodation 
cniisists  in  aii  alteration  of  the  form  of  the  lens.  Tliis  view  was  first  expressed 
by  Desearles  (l(i37),  but  the  first  conclusive  ()roof  of  it  was  furnished  more 
than  two  Imndred  years  later  by  Max  Langenbccrk,  ('ramer,  and  Helmholtz 
(I84!f-I8:il). 

We  liave  alri'ady  seen  (page  532)  that  (he  radius  of  curvature  of  a  spherical 
refracting  surface  can  bo  calculated  from  the  size  of  an  image  reflected  from 
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Km.  225. — Thi-  rt-rtwiwl  linacr'  fnim  ih4 
■■oriim  (lo  iliv  Mt.i,  tlini  fmiii  ll>i>  mii- 
Ipriur  ■iirfore  of  Ihelnu  (iiiiiMIr  [mix 
lur«},  aud  tliat  frum  iIip  pmivrUir  nir^ 
fai-p  <lu  Ibtf  rig>it),  mflt-r  llrlmliiilti. 
A,  M  seen  In  ui  nyv  ailjuslnl  (or 
(iMtiint  vuiinn;  ff,  u  ■•<«^  in  kii  cjr* 
«r«uinra<Ml«u>(l  Tor  d«w  vlskwi. 


it.    Now  it  has  been  shown  that  in  accoiniiindation  for  near  vision  the  imaiKo 

rerte<ied  from  tbu  wrueii  dots  not  change,  whilo  thai  from  the  anterior  surface 

of  the  k-ns,  and  to  a  less  extent  also  that  from  the  potttcrior  Burfsce.  dotin. 

'Dint   is  to  sjiy,   the  two  nurfaii'i?   nf  tlie 

leu*  become  buljrinl  out  wore  in  accnm-         o       u     e  a     h      e 

nirwlatiriii.  the  anlcrior  however  l'>  &  iiiudi 

pratiT  extent  than  the  posterior. 

In  order  to  obeen'e  these  chanpe?  nf 

form,  the  eye  to  l»e  exftmined  is  jrivcn  twi» 

di'linitc  point);  trt  tiKik  at  {f  ami  pp.  Ki^. 

i'ii),  Iving  in  the  sairie  straight  line  di- 

rivtly  in  front  of  it.     Then  two  i^Iit."  of 

light  from  a  \ar)^  bright  lamp  flame  f'it- 

uated  If*  nop  side  of  tho  line  of  vii^ion  and 

on  the  same  level  with  Ihe  eye  are  thrown 

into  the  eye.     In   J'"ig.  224  let  .1  I»e  the 

ohikTVCii  eye  and  r  the  flame,  B  the  eye 

of  the  ohjicrver.    if  now  the  ohwrviT  move 

his  eye  haek  and   fortli  in  the  neiphl>i>r- 

houd  of  U,  so  that  the  angle  It  A  f  h  ajipniximately  equal  to  V  A  f,  be  Kbould 

*ee  three  pair*  of  images  retlecleil  finm  tin-  i»l»servi'<l  eye.  namely,  a  (  Fig.  2?*>). 

the  lirlghlesl  eoniing  rrnm  thi*  c-onu-ii.  tind  b  and  r  from  the  anterior  and 

posterior  surfaces  of  the  lent^.     Wlu-n  tlie  eye  is  adjusted  for  dii'taul   vision 

the  images   hare   the   appearance-   of    Fig.   225,   A;   for   near   vision    ( Kig. 

225,  It),  the  image  a  doe.s  not  change,  but  the  image  b  becomes  very  nuiiTli 

sinaUer.     By  very  eiact  methods  it  can  be  shown  hIh)  that  c  becomes  »lighlly 

snialter- 

Wilh  Ihew  changi^  in  the  form  tpf  the  lens  the  pressure  in  the  anterior 

chamber  of  the  eye  doe*  not  increase,  neither  docs  the  posterior  surface  of 

the  \vni  change  iu  ixiiiition.  hence  the 
lent!  as  a  whole  is  not  di^iplaced. 
But  the  anterior  surface  of  the  K?ns 
pref^%  forward  and  pur^lie-s  the  iris 
before  it,  Thii^  can  l»e  w-en  by  look- 
ing at  the  cornea  of  the  eye  of  an- 
other pt-rsou  fruui  the  side  and  n  lit- 
tle to  the  rear  (Fig.  a2i»t.  With 
the  ohrt-rved  eye  adjusli?d  for  di»lant 
vision,  the  obserrer  tthoutd  phut-  him- 
self so  that  he  can  see  junt  a  little 
nT  the  blaek  pupil  proje<>ting  in  front 
of  the  sclerotic.  Then  when  the  e_vo 
ie  arcommndatcfl  for  near  viiiion,  the 

pui>il  bec<tmet4  much  more  plainly  visible.     We  have  already  calleil  attention 

to  the  fui:t  ihnl  tlie  pupil  its^-If  iKvumes  narrower  in  accommodation. 

AwMnUnir  lo  O.  Weiss,  the  radius  of  eurrature  of  the  anterior  «urfare  of 
the  leiifi  iKvommodatwi  for  a  distance  of  749  mm.,  ia  9  nun.;  for  M7  mm„  8  mm.; 
and  for  10^  mm.,  7  mm. 


Flo.  230— Th#  protniflloii  of  iIm  tns  m  tcrnof 
DioiiaiHin,  aii^r  llrlinlujlt*.  A,  ui  ryi'  ail- 
ju«t«Ml  (or  diet*ntvuior;B,  ftnc7L-ail;tiBln| 
for  tu«r  vtaioti. 
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The  wliolo  anninniical  s^tniolure  of  ilie  eye  inJicales  that  Ihe  cUiartf  musci 
imtfit  in  fiomo  way  particijmte  in  Ijringing  aljoiit  iho  change  in  the  curvatuT 
of  llio  lens.  But  views  differ  coni-iderably  as  to  the  way  in  which  tliis  tali 
place. 

In  R  ttieridionHl  .«eption  of  the  eve.  the  dUfirtj  muscle  (Fig.  287)   fills 
a  tnan^lar  field  in  the  ciliary  bmly.     It  ennslllule^  therefore  in  the  whole' 
circumference  of  the  evehall  a  circular  three-sided,  prismatic  band,  which,  a» 
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Ra.  227, — Me'riiliurml  Baclion  through  tlie  cilt»ry  boilv  of  *  liiimiMi  eye,  iiftpr  Srhw»lhp.      t,  o 
n^'ii:  i.  nicnihriuii'  iif  D»>Mnirl;-T,  nclrmttr  itmT  :  J,  RcMf-mm'M  cbhaI;  A,  Kinimk  of  the  iri>>: 
[lixnu-nt  rpitlicliiiin  i>E  llir  irin;  W,  iriri*T  i>iivni'i-livr«-iijipnic  Inycr  of  \\\e  ciliorv  Ijudy,  rotilini, 
oiis  ivitli  Ihe  co^Il(.■o(■vt^-li.!eu^  fn\iii*iwor1(  o(  t.lic  rilinry  pniciiw:  /.T,  nirritlioiiitl  fibrTa  of 
cilLury  inuBcl<«i;  J  J,  m'liiil  fibcni  of  lti<f  cilinry  tmticli-.  I';  i-in-iilnr  iiiiiiidr  uf  MQllor;  M,  eit 
\ax  muscle  libcni  of  1!ic  iunpr  Hurfnoe  of  llic  ciliary  body;   i7,  chorunJ  eu«l, 

the  fififiiTe  showd,  is  often  interlaced  with  olranda  nf  or>niieftive  tissue,  li 
not?  distinguishes  three  kinds  of  inu.'^cvilnr  fibers  arcnnliiig  tt»  their  direction 
namely.  U)  meridional  fibers  runninjj  frrmi  the  iickmitic  fold.  (.1',  Fig.  3*^7 
backward  to  {he  Imnndary  of  the  true  choroid  (^at;  (2)  radial  fiher,*  extend 
ing  frnin  the  Ijiiiieihe  beneath  SelilcrnTn's  eanal  to  the  whole  inner  face  of  il 
triangle;  and  (iJl  the  circular  fibers,  the  strong&^t  bundles  of  which  run  aloit; 
Ihe  short  anterior  Um-c  nf  the  Irian jcic  and  in  it*  inner  antCTior  angle  (15.  T-'ii 
i27).  Besides,  nil  the  radial  liundle-;  Ix-nd  amund  nn  the  inner  /are  of  ibe 
ranwie.  taking  a  circular  direction  and  forming  in  this  way  ft  more  or  b*** 
Bxtengive  circular  layer. 

Acrordinff  to  Twanotf  the  ring:  muscle  appears  to  be  lipveloped  to  diflen 
ent  degrees  iu  eyes  having  iliffereiit  static:  refractive  powers;  thus  in  iii,vnpT< 
eyes  it  is  almoHt  entirpl.v  wanting,  while  in  hyiMTmetrtipicr  eyee  il  i«  strou^I" 
developed  and  amounts  to  obout  one-third  of  the  whole  ciliary-  muacle. 

The  Ivns  rests  in  a  concavity  in  the  anterior  face  of  the  vitreous  Iwwly  antl 
is  attached  by  an  anterior  prolongation  of  the  hyaloid  membrane  knot 
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the  sonuie  of  Zinn,  to  the  ciliary  body.  The  xonulc  of  Zinn  surrounda  the 
periphery  of  the  lens,  fusmg  inscntiiblv  with  its  capsule.  The  greater  part 
of  the  zonule,  from  the  ora  serrala  to  the  tip  of  the  ciliary  process,  is  prown 
fast  to  the  ciliary  body.  U«t,  since  the  ctlinry  proce*>e&  *lo  not  reach  all  tlie 
way  to  the  lens,  there  is  left  a  small  zone  between  them  and  the  ]"Tiphcry 
of  the  lens,  within  which  the  zonule  is  turned  freely  toward  the  posterior 
chamber.  This  free  part  of  the  zonule  {Fig.  228)  consists  of  several  Ktrands, 
whieh  may  ho  divided  for  conveninnec  into  three  grmipii:  an  anterior,  passing 
to  the  anterior  cappule  of  the  lens  Hiid  called  the  suspcnaory  ligament ;  a 
middle  group  whose  fibers  are  direetetl  vertically  to  the  cap«ulc  immediately 
baek  of  the  eiptator  of  the  lens,  and  a  posterior  group  lying  close  to  the 
hyaloid  membrane  and  pass- 
ing over  into  the  posterior  w  / 
capsule  of  (he  lena.  All  these  ^^^^  ' 
strands  consist  of  parallel  in- 
elattiic  fiherK. 

Atitong  the  hyjiolhesies 
which  have  been  put  forward 
to  explain  the  foritk  changes 
of  the  lens  in  accom  modal  ion, 
the  following  hy  HoltnliotU  is 
the  one  most  generally  ac- 
cepted at  this  time: 

The  lens  is  an  riastic  body 
nhieh.  while  the  ciliary  mus- 
cle is  inactive,  is  snmcwliai 
eom[.ireHKwl  from  liefote  baek- 
ward  by  the  radial  pull  of  the 
zonule  altflched  to  it.-*  wjualor. 
Xow  the  zonule  is  firmly  al- 
tacliwl  by  its  peripIuTii!  or 
]ioslerior  end  with  the  dioroid 
coal  just  at  the  posterior  mar- 
gin of  the  ciliarj*  prmnv-ises. 
('on»e(|uenlIy  by  eontniclian 
of  the  meridional  iilw^rs  of  the 
ciliary  muscle  (Fig.  327)  this 
|K>sterior  edge  of  the  zonule 
can  he  drawn  forward,  then*- 
liy  releasing  (he  radial  tension 
which  it  exerts  on  the  lpn«  in 
the  unawonimorlated  condi- 
tion.    The  result  is  that  the 


Flo.  S3H.~~Z(>ni)](>  of  Zinn  o(  an  adult  man,  mvrttliunal 
oortidii,  hUkt  (i.  Rdiiu*.  I,  vdfr  at  the  Imm  a1  ita 
rqiiaUir:  j/J,  viiretiua  )>oily;  t.  Iris;  a,  ahort,  sUtmii 
UtlaoUTOPtti.  nhrre  at  iho  prartrrior  |[n>up;  t,  Abrn  uf 
the  Kainr  |Emiip  aprinKini;  (mm  1h#  bjraloid  mftn- 
l>r»iic ;  r,  ihp  antrriur  |tTO)t|>  i>[>rili)DnK  trma  thr  riliary 
pntcna;  rf,  fibem  p>prin|cinit  from  the  dliary  jirDCMs 
and  conaoetinx  with  other  libocw;  «,  apac*  bolwn-n 
ihr  cafmlr  o[  tlm  lona  and  tltn  pcrio]wuUr  tatta- 
branc. 


leos  bulges  out  al   its  center 

rendering  Inoih  anterior  and  posterior  i^nrfacee  more  eonrex.  The  only 
function  of  the  cimilar  fitwrs  according  to  thin  view  would  be  to  crowd 
the  anterior  part  of  the  ciliary  proce.-wes  toward  the  relaxing  lens  and  the 
zonule,  so  as  to  prevent  alike  any  rujjluru  of  the  tiesucb  and  any  traction 
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of  the  anterior  part  of  ihf  zonule  which  would  antagnnizu  the  meridionat 
fibers. 


fVhr.n  seeks  tn  explnin  llu-  phaiija'  iu  the  form  of  the  k'lis  in  quttfl  aiu»ih<-r^ 
wftf.    Ju  hitk  rk'W  thi'  ciroulnr  tihcr^.  anil  to  ii  Ivna  uxu.'rit  tho  iitiiiT  iiiL-ridiotiHl 
fibers.  «f  tbi'  i-ilinry  muxcle  are  thtf  impnrlnnt  pnrts.    As  n  conscqurnnr  of  tb*.-ir 
(■(Hitrartitm  ihi-  t-iliurv  pruoosst-s  nre  hkitihI  iiiWHrrI  and  sorauwhHt  bnckwanl  iu 
ihtr  ili  recti  Mil  uf  ihc  arrow  (FiR.  i2U);  tlic  lens  thprt^fow.  is  prewed  upou  frutnl 
lilt  tiitjx^s  and  itri  the  r^chc-mn  in  Fifir.  i2i>  niiuwa,  must  bulin'  /urward. 

S|>flrc  will  not  prrmit  lis  to  diH^'uss  lhc'<o  different  hyivotheses  iDon>  fully. 
Wo  would  merely  inriiti4iii  the  fdct  that  IIe«H  has  brought  forward  a  Tcry  wniffhty 
niyunicul  in  t'av«ir  of  ilie  li,viiofhf*i«  of  Mehnli'olt/.  Wln-n  ihe  mt-ehHtii^m  n( 
accomnKKlfllioti  i*  »limulfiled  by  drii|>piij|i  eierin  tn  lh(*  (^ye.'the  ciliary  proc'- 
esiHM  push  forward  tuward  the  cornea  uud,  n(  the  bauie  time,  iuward   luward 

the  c'dffe  uf  the  Ivuh,  so  tbnt  tlic 
piliary  processes  arc  then  found  in 
front  of  the  eipititor  uf  thi:  Imis. 
A^niii,  ill  uecuuiinodu I iuii  for  iieor 
vision  the  lens  is  loow  while  in  th** 
uiiufooiniiiiKlured  eye  it  is  held  firra-i 
ly  in  plnec. 

Al)  uuthoritifM  nftree,  that  by 
muscular  netion  the  vyc  can  uiily 
bn  adjusted  for  near  vision  and  not 
fur  distant  vision. 

W«  have  tlie   following   »itHl(v 
nicnt^  fmm  IIei]H.'n  and  Viilrkers 
with  regard  to  the  innrrvafion   uf 
the    rHiriiy    tnmdr.      By    stimula- 
tion of  single  ciliary  aerve«,  ths' 
choroid  is  drawn  forward,  it-*  dln- 
plaeemeiit   at    the  etjualor  uf   the 
eve  k'iiig  m  tnnrh  a»  *i.5  nun. ;  the 
uiiterior  t^urfaee  of  the  lens  bulgnt 
forward  both  in  ihe  uninjurt<d  eye 
and    afler    rctnnvul    of  the  cnniea 
and  iris;  and  (he  pnslerior  surface 
of  ttit!  lens  pushes  barkwanl  a  little. 
The  filjers  inniTvatinf;  the  cili- 
ary  nnisple  arise   from    the  oeuln 
•  motor.       From     clinical     evidence 

which  has  rw-eiUly  l«en  gathered  hy  Stuclp  it  appt-urs  lliat  the  nurh-ar  center 
for  the  cihary  nui^clo  lie.  clo^ie  to  lUat  of  the  sphincter  piipillw.  and  tliat  the 
arromnmtatwn  crrder  lies  in  Iho  anterior  niedial  nudcif*<  of  fho  oenio  motor. 
in  frt>nt  of  the  eenter  for  constriction  of  tlic  pupil.    [Fig.  *^30  rifprescnt-s  (he 

modern  view  njt  to  the  W-iiti.in  of  this  center  ^cf.  pugcji  tll.i.  (iltl). Kli.l 

A  conirnjvnrc  of  (he  optical  Hscs— i.  e.^  a  contraction  uf  (lie  iiilernal  recti 
muscles — iake«  plafv  in  arcoinmodation  even  when  one  eye  is  covered.  But  this 
ajwoeialittn  of  cnnvergciiec  and  acconiniodjtion  i*^  not  an  inscfMinible  one,  for  a 
person  can  learn  to  eonvcrtfc  the  B\ca  without  accunniiodating,  and  vice  o. 


I 
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Flo.  32U.— 8<.-linii«  of  lln.  in<-<-tiaiiiBm  of  iM^nm- 
mmlBlton,  aflw  »ir)i6n,  Tl..-  f..riri  of  llii>  lens 
when  lUe  eye  w  iulju8ti.il  fur  tiuiir  viaiun  in 
•liown  by  ihr  dolled  line. 


rto.  330. — ^hrmatic  rrpmM-n1*tiim  of  th«  i^tic  tmct«,  tnMtifird  fm<n  Fiirha. 

'I'ltr  Grill  of  vininn  rDKimrjn  Id  l)i«  two  (-yni  ht  0(im|inH*id  vt  k  riRlit  ]\M,<i,  anil  a  Ir(l  hmU.ft^  Th* 
(oniMT  cor ttT. [Kill ila  In  Ihi-  li-ft  hnlvm  I  utnl  i„  of  ihe  two  retiDa*,  tlip  l*lt«>r  ia  ihp  nghl  h«lv(« 
ranti  r,.  TIip  bitUDiliiry  bi'iin^^n  ikio  two  tuilvm  of  tha  n-tina  in  forntiHl  b>'  U>ii  wrtica!  ni«riil- 
tui.  TUia  [i«uHi<9i  l:hniii|ih  r)u-  fovm  DcnlnUis.  /,  in  whirli  Ihe  lini>  uf  vUion  {V^J  ilrawn  fmin 
tW  point  uf  Axaiiuii,  /*,  iiupinxvi  upon  the  rt'tina-  Tli<-  opiio  ncrv«  filivra  ariainn  (roni  ihs 
right  luUvni,  r  nnil  r,,  of  tiw  two  rrtiiiir'  (indiralnl  by  Ihr  ilckttnJ  Une)  all  pMM  iiit4^  t)i4-  rij^ht 
optic  Inwt,  T,  n-hilr  ilir  fibrro  LflonKine  lu  tiw  k-fi  luU^'va,  I  and  (,,  of  llic  iwo  rvtiiur  (<i 
■Dio  Ihp  l(-ft  uiitic  trart.  T",.  'L'lip  Tilx-n  ul  t«etir  dplic  tract  fur  Uwoiaat  par)  [laio  (o  tlioccirtrx 
uf  ihoorcipitAl  \o\if.UX'. ;  Iht  rniLallrr  portinnot  thctn,  m.goMlollwoculoinotariiachui^iC. 
Tlila  inirlniK  (i-f.  pnxe  616)  ronsUts  of  ■  ««rtM  of  partial  tkucki,  tJi«  mont  Knimior  of  wUeb 
lim<l*  fibtrm.  P,  tc>  tlic  ii[>liii)r'lpr  |iiipiMir;  thr  tivxt  anf  uniuJii  filirt^  A,  in  llir  mii-wlr  al  ac«oin* 
mwlaticn;  and  the  tliinl  ecdiIx  fibers,  C.  to  tiiv  cgnvcr|ciiiK  niuaclo  (uilnmal  rcclus.  i). 
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SECOND    SECTION 

EXCITATION  OF  THE  RETINA  AND  VISUAL  SENSATIONS 

g  1.    LIGHT  RAYS 

Modem  physics  assumes  the  existence  throughout  all  space  of  a  rarefied 
substance,  the  ether,  which,  although  it  has  no  weight,  nevertheless  obejs  in 
general  the  laws  which  govern  the  movements  of  molecules.  The  density  of 
the  ether  is  so  slight  that  it  exercises  no  noticeable  restraint  on  the  morements 
of  the  heavenly  bodies,  with  the  possible  exception  of  the  comets. 

Light  is  regarded  as  extremely  rapid  transverse  (i.e.,  vertical  to  the 
direction  of  propagation)  vibrations  of  the  ether,  which  are  produced  by  the 
luminous  point  ant!  are  propagated  through  the  ether  with  very  great  velocity 
(Huygons,  1678;  Euler,  Young,  Fresnel). 

When  sunlight  enters  a  dark  room  through  a  small  slit  and  then  passes 
through  a  glass  prism,  the  small  bundle  of  rays  spreads  out  into  a  broad 
band,  called  the  solar  spectrum,  which  is  not  now  white,  as  the  light  orig- 
inally was,  but  is  of  different  colors  arranged  always  in  the  same  order:  red, 
orange,  yellow,  green,  blue,  indigo,  and  violet.  Sunlight  therefore  consists 
of  rays  which  are  refracted  by  the  spectrum  to  different  degrees,  the  red  rays 
being  refracted  least,  the  violet  rays  most. 

The  difference  in  refrangibility  of  these  rays  is  conditioned  upon  the  dif- 
ference in  the  rate  of  their  propagation  through  solid  and  liquid  media.  They 
are  also  distinguished  by  different  vibration  frequencies  and  consequently  by 
different  wave  lengths.  The  wave  length  (A.)  of  extreme  red  rays  is  760 
millionths  of  a  millimeter  (n^),  and  of  the  extreme  violet  rays  397  ;*/*.  But 
the  solar  spectrum  is  not  limited  to  that  which  is  visible  to  human  eyes.  It 
contains  also  rays  of  greater  wave  length  than  7(iO  /t^  (ultra-red  rays)  and 
rays  of  less  wave  length  than  397  fin  (ultra-violet  rays).  The  former  are 
characterized  especially  by  their  thermal  effects;  the  latter  by  their  chemical 
effects  on  certain  silver  salts. 

The  ultra-red  rays  are  not  visible  because,  although  they  are  transmitted 
through  the  media  of  the  eye,  they  do  not  stimulate  the  retina;  while  the 
ultra-violet  rays  are  invisible  for  just  the  opposite  reason — they  are  for  the 
most  part  absorl)ed  by  the  media  of  the  eye.  Wlien.  as  in  the  operation  for 
cataract,  the  lens  is  removed,  the  visible  spectrum  readies  down  to  X  313. 

Different  sources  of  light  contain  the  different  rays  in  different  quantity — 
e.  g..  the  strontium  light  is  rtd.  the  sodium  li<rht  yellow.  Accordingly,  when 
the  light  from  such  a  flame  is  refracted  by  a  prism  we  get,  not  a  continuous 
spectrum,  but  a  spectrum  which  consists  of  more  or  less  numerous  distinct 
luminous  lines  which  arc  characteristic  for  the  different  chemical  elements. 

The  color  of  bodies  which  are  not  self-Iuniinous  depends  upon  the  rays 
which  arc  reflected  in  greatest  number  from  them.  or.  if  tlie  objects  are 
transjiareiit.  upon  the  rays  which  arc  transmitted  by  tlicTu.  If.  for  example, 
a  surface  is  red.  it  is  duo  to  the  fart  that  of  all  tlie  rays  which  fall  on  that 
surface,  the  red  rays  are  tlirown  (iff  in  greatest  number.     Likewise  a  glass  is 
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ri'il  Ijooauf^f  it  iwrinit*  more  of  Ihe  re<i  raj's  than  of  any  other  kind  to  paw 
tlirough  it.  Wl'  niusi  roiiifiiilMT.  Iu>wi'V*t.  that  il  is  nnly  thi*  rt-laiive  numl)cr 
of  ravf  reflecU'li  ur  tnin^niiUii]  whidi  giVL's  llii'  uoldr  to  a  n<)n]uiiiiu<ni!(  object; 
(or  niys  of  other  colors  may  us  a  rule  bo  reflwioil  or  lrnn.sniitt(tl  at  the  samu 
time. 

]f  all  thL'  light  rays  which  fall  upon  a  surface  are  reflected  in  the  same 
rdalivL'  nuniin'rs  a*  tlioy  octiir  in  oo.|orl»'ss  li^ht  the  surfrtcr  nupeflr*  wliite, 
gray  mr  blat-k  according  as  the  total  4[uautuy  of  rays  n-lhrlnl  i-i  great  or 
small.     Thi*  fame  hoKk  mutntis  mutnudis  for  tran^parcnl  objixt*. 

Whuthfr  a  tiiirface  ie  colored  or  not  its  brif^htness  depends  upon  the  quan- 
tily  of  reflected  rays:  a  bright  red  surfaw  reflwU  much  light  of  which  a  rela- 
tivi'ly  large  nuiiilier  of  the  rays  aru  red;  a  dark  rcil  Mirfat^e  reflivt-*  Ihf  samp 
rays  \u  rflalivdy  largest  number,  but  the  total  quantity  of  light  reflected  by 
i(  i.a  relatively  small. 

Two  infi-rcneeii  which  may  Ik'  tiniwn  from  tlio  fflft-j  presented  here  tthould 
W  kopt  sli'adily  in  view  Ihrouphoni  ilie  following  discussion:  that  white  light 
always  i-onsists  nf  rays  of  dilTt-n-iil   wave  lengths 
aiul  llial  the  only  really  pure  colors  are  the  colors 
of  a  purL'  sjHtinim. 

%  2.    THE   PHETfOMENA   OF   EXCITATIOW 

When  li;;h[  falls  upon  a'Trc^'Idy  f\|K)>iM  rt-ttna. 
Ilii'  Uttt-r  umliTgiM^  a  iiuinlier  nf  ^.-hange*  whivli 
are  objerlively  denuinstraltlc.  Thus  a  pigment. 
present  in  nil  partu  of  tin-  n'tina  esro])!  the  yellow 
spot  anfl  called  iM'cauw  of  it*  eolor  the  vitual  pur- 
flf.  fades'  (  Kig.  231  f :  the  coloring  matter  of  the 
pigment  epithelium  (frog"*-  eye,  Kig.  ''i'i'i)  moves 
inward,  heing  flcronipnniod  in  this  mnremeni  by 
II  shifting  of  the  ei>ne  evil*  in  the  ^nw  diriTlion. 
«nd  the  artmn  currevi  of  the  relina  (ilin^cled 
frnin  the  inner  surface  lowanl  the  nulr-  and  rone-il  Tni'lergoe>  n  jxisilive  varia- 
liori.  -The  significance  of  the  first  of  these  changes  we  shall  discuss  brielly  «n 
page  541;  of  that  of  the  second  we  know  little  more  than  what  is  eontniniid 
in  the  statement  that  it  furnishes  iis  some  external  indication  of  an  excitation 
proceft*;  the  third  goes  [wHiaps  a  *tep  farlber  am!  brings  tin-  iiukIi*  of  responi^e 
of  the  visual  appiiralns  into  line  with  other  forms  nf  {irotoplasinie  activity, 
Hut  if  we  wish  lo  know  the  course  of  the  excitation  priK-ess  we  niuct  n-ly  for 
the  most  part  on  our  own  suhjertlre  experiences. 

To  how  fTivnt  an  extent  these  suhjective  phenom**na  are  csawd  by  proce«»pa 
([riiiiR  wn  ill  tin?  rvlina  iliielf,  it  by  ehttiiHei"  in  llii*  many  (ilher  |>art«  of  the 
m'lTinis  sysU-in  nccesenr?-  for  the  production  of  a  conwcioiis  vtxiiiil  i>eiiMtioii. 
noihinjir  dcfiniie  ciin  l*c  »itid  (except  with  regard  to  eeriain  details).  Uule^s 
otherwise  ex[>rp*sly  stateil  the  farts  and  dinouMion  in  what  follows  relate  to 
tho  entire  nerroua  mechanism  concerned  in  visual  f)en»alion. 

When  lisht  falls  njMm  tin-  retina  llie  resiilling  wnsation  dm»s  not  reach  iU 
full  strength  imniedialely,  and  »tmilarly  rice  v^rna  when  light  is  (suddenly 


Fio.  231. — Optuicrftiii  fi>rTnMl 
on  Kite  n^iitin  by  a*'iioTi  of 
ligtit  uu  llii>  vuuni  |>ur|iU-, 
aitvt  K<ltinr.  Tlw  purpLv 
lailcH  aiid  thr  iaioRp  Uiua 
forinnl  i»  fixml  in  a  iwlulbni 
€■[  nlum,  stit^  tlip  uiwin^r  vt 
fixiujc  thr  imaffc  on  u  plioto- 
gnpliic  pUlv. 
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turned  off  the  8eDi§atioii  <loe«  not  Tanish  iiuianily,  boi  pemsu  for  ■ 
arable  lime. 

The  laltvr  staieiucDl  is  verv  eai-ily  provt-d.     \\'\wn  one  look-  for  a  niinient 
at  »  bright  lamp  flame,  then  suddenly  elo«et>  the  eyes  and  t«vers  ihem  with  ihe' 
band,  nr  looks  at  an  ab«wlutely  dark  background,  he  still  sees  a  bright  image 
of  the  mine  form  a«  that  of  the  bright  object  itself.     The  image  gradttallr  ^J 
di^ppoflr*  and  a«  it  docs  *o  changes  it*  color.    This  phenoniennn  in  which  ^H 
ihe  itnpht  part:<  of  the  object  remain  bright  and  the  dark  |>arls  dark  is  railed 
a  posilive  after-image.     Such  an  after-imajie  has  at  first  the  proper  color  of 
the  object,  and  very  often  it  reprodnccs  very  eiactly  the  separate  parts  of 
object  in  their  proper  form  and  i^hade. 

Proof  that  the  rise  of  a  viMial  sensation  aim  requires  a  certain  time  iij 
not  much  more  difficult.     We  need  onlv  coiufider  for  a  moment  the  effect  ol 


-4  B 

Fm.  232-  BtfUow  thraugh  tbriviinafifBfmit*' *')'•'•  kIIt  Knit*^nuum.  A,  kfi«r  ibeej^  wkakcfit 
Tor  from  oa»  tn  t«-o  a»y»  to  Mnuplcir  <l*rknn« :  B.  k<>pt  for  24  boun  In  the  (Urit.  tben  txpOMd 
for  ont^hulf  boor  tQ  difTuw  bricfat  dayli^t  (cf.  pngv  537). 

rotating  a  circular  di«k  composed  of  black  and  white  sectors  (as  in  Pig.  S33) 
to  lie  oonvincetl  of  this.  So  long  as  the  raie  of  rotation  is  low.  ihe  black  and 
white  bcctons  remain  perfectly  diftim-t.  But  as  Ihe  rate  becomes  higher  the 
edges  of  the  sectors  are  obliteratoil,  and  this  ii  true  as  well  of  the  edges  going 
before  as  of  those  coming  after,  whichever  the  direction  of  rniation.  If  the 
excitation  of  the  retina  were  instantaneous,  the  leading  edge!-  of  the  white 
twctoF!'  ought  to  continne  *haTply  defined,  white  from  what  has  i^^^t  been 
eaid  above,  it  is  evident  that  the  edges  coming  after  oaght  to  be  indistinct 
(cf.  the  dotted  line  in  Fig.  234). 

With  a  high  rote  of  speed  the  rays  coming  from  the  white  sectors  no 
longer  have  stiflieient  time  to  produce?  the  maximum  esciiation  and  on  the 
other  hand  the  light  is  never  completely  *ihut  out  by  the  black  sectors;  cob- 
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Kqiiontly  the  brightness  of  the  black  aud  white  Mt-tors  oscillaie  around  a 
niL-an  value.  From  a  certain  rate  of  rotation  onward  tho  whole  disk  appears 
nnlformJy  gray,  its  brighiuuss  being  the 
same  as  would  he  obtained  if  all  the  light  re- 
flt'ett>d  by  the  white  >ec(ori»  were  dintributed 
unifciriiily  over  the  wholu  disk. 

I3r  in  the  form  of  a  theorem,  when  a 
point  on  thu  retina  ia  affected  in  regular 
periodic  succugsion  for  a  certain  time  a  by 
rays  of  a  certain  intensity,  and  is  entirely 
unafTceteil  for  &  certain  time  b,  if  the  en- 
tire period  fj  -f-  '*  i:*  whort  enough,  the  won- 
eation  produced  will  be  a  perfectly  continu- 
ous one  and  of  a  strength  which  (within 
certain  limiU  at  least)  corresponds  to  that 
obtained    by    continuoiw    siirnulaiinn    with  y,„  w^^.—mw  iirimhoits. 

light    rave   of    an    intensity    ^  (Talbot's 

proposition).    With  light  of  mediuDi  intensity  Uio  period  a~\~b  necil  not  Ik: 
less  (ban  0.04  second. 


The  time  re(]uirod  to  reach  the  maiinium  exeilntion  of  the  sttmulns,  what- 
ever the  iiitervnl,  is  but  a  frHrtitnial  purl  nf  »  !»e<!n]iil — o.  p..  m  shown  ^r&phieally 
in  Pi^.  2H&,  hIhiuI  0.217  evcotiii.  Beyond  thi*  riiMximiil  point,  nit  m  evident  from 
the  %urG.  tbe  excitation  sraduallly  decUnea  in  inteo^ity  owIjik  to  the  onwt 
of  fatiifup. 

Thv  liiTw.'  n^iuin^l  to  pmilurf  ihf  niiixiniHt  cxcilntion  Is  differfot  for  ihfl 
different  iiure  ct^lors,  bi-ing  Icust  fur  the  red   and  K^^ntest  for  tbe  grnvn  (Kuiiki-l). 

Liktrwisc  the  lime  required  for  the 

J        V retinal  excitation  to  wear  ofl  ia  dil- 

ferrnt  for  the  different  colore. 


A.    FATIGUE   AMD  RBCOVERT 
OP  THE   VISDAL  ORGAH 

When  one  looks  fixedly  for  a 
lime  (with  a  light  of  moderate  in- 
tensity. fiv<'  to  fifteen  Ke<'nndit),  at 
a  bright  object,  and  then  ■liri'cts 
the  gnue  et  a  uniformly  illumi- 
niiteii  surface,  ho  perceives  on  the 
latter  an  after-image,  in  which  tho 
briglit  parts  of  the  nhject  appear 
dark  and  the  dark  parlii  bright. 
That  is.  the  image  is  ju«t  the  re* 
vervi.'  of  what  we  have  railed  a 
positive  after-image  and  is  de- 
scribed as  a  nrijtitivf  afirr-imagt. 

This  plienomennn  is  dne  to  fa- 
all  probability  of  the  retina  itself, 
certain  point  of  the  retina.  f«ttgu4» 
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Flo.  234. — ^hcntA  to  illUiHrfttr  the  MturiM'nf«K- 
citatJoR  of  the  r»liiiB  itucr#«Hively  by  black  aiid 
whil«  ac«tora  (iw  in  Fig,  233).  nft.r  rii-L,  If 
lB-«,  v-p,  etc,  ri'ptwwui  the  wlul*  wwlors.  Mid 
o-i.  e-rf.  dc,  tlitr  t>l«ck,  thta  the  jirogrow  of 
mcLtatiaii  i»  iuiIicatLiI  by  tbe  broken  liuv. 
8t«.r1iu|;  at  O,  lli«  retina  Itaviug  just  Ixwn  r«- 
pcMcd  to  dArkncOT,  ihr  nccitfttion  nam  siiddMily 
at  firat  tLieo  niore  alnwly;  at  n  the  exdtatioD 
CMtMa  audd«>nly,  hut  miiiirM  ttcanr  time  In  fall 
to  ihr  ecro  point,  nml  nn  tin.  The  oiorc  rapid 
the  nilnti'iii,  t)ii>  iiion*  will  llie  broken  line  Imd 
kt  become  k  horlRonlaJ  linr. 

tigae  of  8omc  part  of  the  visual  organ,  in 
The  bright  light  falling  continuously  on  a 
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that  point,  sn  Hint  when  !ig-ht  from  the  uniformlv  illuminatpd  surface  nnw 
strikes  Ihe  ri-liiia,  thai  pnrticular  |Miint  is  incapable  nf  being  f^xciled  so  s(ronglv. 
as  the  remaining  relativt-ly  imraliinicd  pnrts;  ht3i(?e,  the  corresponding  i>oint 
of  the  fii'ltl  <tf  vi^iKHi  iippears  ihirk  in  cDinparison  with  l\w  other  parts. 

Jn  fart  llio  stmsitiveness  of  the  retina  Is  all  the  time  r-hanjrinjr  whether  it 
is  being  acted  upon  \>y  the  light  or  is  protected  from  the  light — in  Uie  one 
case  he«)niing  progressively  les?  and  in  the  nthor  progressively  greater.  These 
changes  taken  together  are  described  by  Aubert  a^^  the  adaptation  of  the  retina. 

For  ejcample,  when  we  pass  from  a  liitht  room  into  one  Tory  feebly  lighted 
at  first  we  are  unable  to  see  nnythintt;  (rrndusiUv.  however,  the  sensitiveneas  of 
the  retina  btvomcs  greater,  until  the  fcohle  litrht  prtMliii-ua  a  plainly  perceptible 
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FlO.  "2^. — CucitJtt ion  of  llio  rHiniL  on  n  funcliun  of  the  time  pxposed,  ^Urt  HxtiPt.     The  ubsciM^ 
repns«nt  the  tiino  in  lliuusiui^ltli?  of  n  H^vnd,  the  ordinate's  llie  slrvugili  uf  thv  nciiMtlions, 


impression;  in  fact  after  remaining  longer  in  the  dark  room  tho  light  e^n  be 

greatly  rt'dueed  in  intensity  without  passing  below  the  threshold. 

Ac«v>r<litig  to  ejtact  measurcmfnts  un  the  tttlaptntiini  of  L-yes  to  the  dark   the* 
rate  ie   about  1h<'  wnme  for  ditTfrvut   intlividuiilx.  but    the  absulut^   increase   in 
Bcnsilivity  varies   all   the  way  from  I.WO  t^^  8.000  fold.     With   buih  eyes   the 
inereaae  in  senHitivity  is  I.fH.7  linioM  as  great  as  with  (nily  one  t-yp.     The 
facta  apply  "nly  U\  the  peripheral  pnrtH  of  the  retina;  for  the  fovea  eentralti 
the  adaptation  i^  veT?  mueh  less  ooinplete.  ihf  increase  in  !)ensitivity  being  onl; 
twenty  to  thirty  times  the  flcnRitivily  of  the  i-ye  adajited  fur  liKht. 

When  we  y»*,%  hack  after  cuniplete  adaptation  to  the  dart  into  n  briichtly 
illumiiiated  room,  the  strong  light  at  tirst  has  n  blinding  efTeet  upon  the  rv'tina, 
whieh  has  meanlinie  beeome  exlivniely  sensitive.  But.  after  n  short  time,  its 
scnaitiveni'^K  ban  mi  fur  deen-awed  that  ihcre  ib  nn  pseessive  stimulntion.  In 
other  words,  the  eye  ndnpted  \„  tin*  dark  bn^  now-  tK't-oniv  adnptpd  to  a  high 
degree  of  illuminntion.  Another  point  nf  n'vidence  that  the  condition  of  the 
retina  i«  adapted  to  the  alrentrth  of  the  liiKht.  i?  the  fact  that  tho  •iize  nf  tl 
pupil  remains  the  same  for  a  rather  wide  range  of  iutcusity,  changing  only  alj 
the  momvnt  the  intensity  changes. 
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g3.    SENSATIOIfS  OF  COLOR 

There  are  three  different  ni'xlificatioD*  of  light  wKich  influenw  our  tensa- 
tioDB  of  color:  briffhlness.  which  (Icpcnd.-i  upon  the  energy  of  rhe  ether  vibra- 
tions; (one.  whit'h  depends  upon  the  wave  length;  and  safuralion.  whieh  de- 
jieudi  M}wn  the  purity  ot  a  giveu  wave  length,  or,  in  other  vords,  upon  the 
aninnnt  of  white  light  present. 

The  human  eye  can  diulingiiii^li  all  of  the»«!  properties,  lndi*d,  it*  ability 
to  distinguiNh  dilTerenoew  of  color  is  very  highly  developed.  Kiinig  has  esti- 
mated that  in  the  visible  speelnim  there  are  IfiS  different  color  tones,  whieh 
ean  be  diptingiiiBhed,  and  that  the  total  number  o(  different  degrees  of  in- 
tensity perceptible  to  the  human  eye  is  about  liiiO,  When  we  remember  that 
each  tone  can  vary  greatly  in  intensity  and  each  tone  and  intenaity  in  turn 
can  have  all  possible  degrees  of  eatnration,  we  get  some  idea  of  the  number 
of  possible  color  s;cnsution9. 

Act^onjing  to  Ilttrsc-hel  the  mosaic  workers  in  the  Valiean  can  distinguish 
30,000  different  colors. 


A.   RELATIon  OP  THE  PROPERTIES  OF  LIGHT  TO  DIFFEREHT 
COirSTITUERTS  OF  THE  RETUIA 

Some  color  tones  of  the  spectrum  always  appear  brighter  tlian  others: 
with  light  of  ordinary  intensity  the  brightest  of  all  is  a  certain  lone  of  yellow 
(535^^).  If  Ihe  different  colors  be  oliKervod  as  (ho  dtiyitght  fadei*  it  will 
be  iiDtieed  that  certain  onet*  diwippear  sooner  Ihtiu  others — i?.  g..  (he  reds 
before  (lie  blues.  In  a  ver)*  feeble  light  a  weak  i*pectrum  can  htill  be  wen, 
but  only  as  a  band  of  light.  Its  colors  have  disappeared  and  ihni  part  of 
the  spectrum  which  now  apjwars  brightest  is  nearer  the  more  refractive  end 
of  the  spoctnim  than  it  was  in  broad  dnylight.  But  if  only  a  portion  of  the 
weak  spectrum  email  enough  lo  be  imaged  on  the  fovea  centralis  l>e  allowed 
to  enter  the  eye,  its  color  can  be  correctly  perceived  (Kiinig.  Sherman). 

These  and  other  facts  have  led  to  the  as.'nimption  of  a  functional  differ- 
ence between  the  rods  and  cnnes.  The  latler,  found  everywhere  in  tlie  n*tina 
and  e.Tclu*ively  in  the  fovea  centralis,  are  thought  to  be  i»en!>ilive  to  light  of 
different  ware  lengthii,  but  to  require  rather  a  high  degree  of  illumination. 
The  ro«U  are  wnsitive  to  a  mnch  ft^-bler  light  but  are  not  sensitive  to  color 
I  tonei*  (v.  Kries.  Parinaud  ef  nl).    Kves  which  are  totally  color  blind,  remain- 

I  ing  senfiitive  only  to  light  and  darkness,  are  therefore  supposed  to  bo  devoid 

of  eonec.    Xnctumal  animals  like  ihe  owl,  bat,  moH«.  cat.  etc.,  arc  known  to 
have   relatively    fewer   cones   and    more   rods    than    diurnal    animali>    (Max 
!  Schiiltze). 

The  rwMrt/  purple  (cf.  page  53T)  is  alwi  thmight  (o  assist  in  vision  by  a 

L feeble  light.  In  the  first  place,  it  i»  not  found  in  the  cones;  and.  in  the 
Bceond,  there  is  a  close  agreement  between  the  brightness  of  the  different 
wave  lengths  in  a  feeble  light  and  their  action  ujioii  solutions  of  the  vii^al 
purple.  Accordingly  it  is  conjecture*!  that  the  fading  of  the  visual  pnrple 
is  of  some  service  in  the  etimulation  of  the  rods. 
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B.   SUCCESSIVE  COLOR  IHDUCTIOS 

When  one  looks  ilstilly  for  sotnc  tiwomls  ai  a  nil  olijwt  on  a  wlii*p  |?t*>n 
(Fig.  2yG),  and  llicii  lurus  llie  eve  toward  llie  wliile  ground,  ho  nee*  on  \h 
latter  a  distinct  ofter-imn^re  whicli  rc^producps  the  object  exactly  in  all  n 
(spccLs  liut  one — in-stead  of  Jieinp-  red  it  is  trreenish  blue.     If  (he  object  ve: 
greenish  blue  the  after-image  would  be  red. 

For  every  color  tone  in  Ihe  spectniin  tliprp  ]<*  nnothpr,  which  in  pTSctll 
the  BBiiie  way  a,"  in  this  esamplt'  evokes  ami  iu  turn  is  evthked  by  the  firsi 
as  an  after-image.  Pare  green,  however.  f«nu»  an  apparent  exeeption  to  the 
rule.  Its  after- iuiaf;;e  in  purple — but  ]uirplc  is  a  color 
■which  docs  not  oecur  in  the  spectrum ;  it*  relations  thereto 
irill  Iw  menlioni-d  presently.  Other  pairs  of  colors  which 
are  related  to  eacli  olher  in  thin  way  aiv:  orange  and  blae» 
golden  yellow  and  blue.  yfUow  and  indigo,  etc. 

These  phenomena  show  that  ol>jectiTe  lijrht  o«n  lie 
fiuhjcctivf'ly  dcj^lrovi'il.  nliio  tliat  a  certnin  iniiinate  rela- 
tion exi(^ts  between  the  different  colors.  la  order  to  inquire  further  into  thtise 
fact*  which  necessarily  form  the  foundation  stone*  for  every  theory  of  color^ 
we  must  see  what  re.sullt>  fnuii  the  mixture  of  colore. 
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C.    COLOR  MIXTURE 

By  a  mixture  of  two  or  more  coIor«  we  mean  that  color  which  is  experi-j 
enced  when  a  given  point  on  the  n'tina  is  struck  simnltancousily  hy  rav''  of 
different  wuve  letintliH.     Kvery  odor  mixture  is  therefore  a  summation  efTwl 
of  dilTereut  light  rays. 

The  best  and  for  many  purjHiiWB  the  only  possible  mode  of  procedure  isi 
to  mix  pure  spectral  colors.     This  may  bo  done  hy  complicated  apparatus: 
which  cnnblns  one  to  iisolate  two  iipectrat  rays  nf  dilTrrenl   ware  lengths  am] 
to  tlin)w  them  nn  the  some  aimt  of  a  screen  where  the  mixture  can  be  com- 
pare<l  with  a  reference  color. 

In  this  way  the  different  rays  are  brought  into  the  eye  at  the  same  ttrae.' 
But  the  esperinienl  can  In'  wi  arran^rcii  alwi  that   the  rays  to  lie  texitecl   will 
fall  Bucccssively  on  the  s^ame  cpnt  nf  the  retina.    Then  if  the  sequence  is  rapid 
enough  ti  ruixture  of  the  two  will  take  place  just  as  in  the  experiment  with 
white  and  black  .-iectors  (page  531)). 

VeiT  convenient  for  thiB  purpose  are  Maxwell's  disks.  They  are  circular. 
cnlurrd  diftkH  baring  a  rndinl  slit,  so  ihtit  two  or  more  of  ihcm  can  be  over- 
lapped and  vflr,ving  portions  tjf  onch  be  expotved  to  view.  If  the  complex  diak 
thus  conigxisied  of  twti  or  more  t'L>li.>n'd  «H't<>r*  ii«  r(itn1«J  r»)iidl,v  li.v  mei  ns  of  a 
clockwprk,  ihv  reeultiufi  mixtun^  will  depend  upon  the  saturation  of  the  indi- 
Ttdual  colore  em])loyod  and  the  relative  Hizes  of  the  different  sectors. 

The  results  of  color  mixture  which  interest  us  most  nre  tho^e  oldained  with 
the  above-mentioned  pairs  of  color — red  and  greenish  blue,  yellow  and  indigo. 
ttc.  Experiment  has  shon-n  that  each  of  these  pairs  when  ita  components 
are  mixed  at  a  eertarn  relative  intensity,  prnducer:  the  i^cnsation  of  while  or 
gray  (which  h  but  ft  feebly  illuminated  white).    Since  each  of  the$>e  colors^ 
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complcinpiit*  the  otlipr.  t'nch  nnc  fiiniishiiig  jusl  what  lhi»  otht-r  lacks  of  Iwing 
while,  tltev  arL'  vullt-Hl  row plrmt'iit'irt/  rolorx. 

The  ticn.'intioii  of  wliitc  tliiTpforo  i-tin  Iw  iiriMliii'i-d  in  very  dilTcivn!  ways, 
naimtK'.  Jjrsi  by  the  simultaneous  ac-liou  of  all  Um."  rays  contaiiiwl  in  sunlij»ht, 
whtTi  tliey  occur  in  the  eame  proportion  a*  they  are  there  miX4>d  todether, 
anil  s^^wn^^ly  Ity  (\w  proper  mixture  of  two  roni piemen tiiry  eolor*".  Kiiwcvpr 
it  is  iinpotsililc  for  tlie  eye  to  tell  whether  a  ^iven  white  is  composotl  of  all 
ihe  rays  of  tho  color  ^pfctrum  or  only  of  red  an»i  greenish  hliio.  ornnjie  nnd 
hluf,  etc.  While  in  other  words  preseriU  only  quanlitalive  dilTcrcnces  de- 
pendvnt  upon  different  intensities  of  li>rht.  but  bearinji  no  relation  to  the  color 
tones  nf  which  it  is  rompnsed.  The  eve  therefore  doftt  not  analyzer  it  lackB 
entirely  ihe  ability  so  highly  (levelojKKl  in  the  ear,  of  resolving  a  given  im- 
pression into  its  separate  components. 

When  ttt'o  colors  which  are  nnt  complementary  are  mixed  tocher.  inRleatI 
of  white  we  get  a  new  uolor.  If  rv6  and  violel,  the  extreme  colon;  of  the 
speetrnm,  are  mixed  we  get  purple,  the  only  color  tone  which  doc*  not  0<'cur 
in  the  spectrum.  Purple  i»  the  cnmpleiiientary  ettlor  nf  green  (iwe  page  54^) 
and  i*  in  every  way  different  from  the  colors  the  mixture  of  which  produces  it. 

When  two  simple  colore,  Kcparatcd  from  each  other  in  the  8[»eetnim  by  lesa 
distance  than  that  which  fte|>arutea  ivnipletiieiitary  colore,  arc  mixfd,  we  grl  a 
color  lying  hetwfpri   the  two  and  apprmtrhinir  white  mf>re  the  grrat<T  the  die- 
taiice  between  them,  but  bi-euminK  more  nearly  saturated  ih<-  le««  the  distance 
between   the  twc"  components.     When,  on   the  otlitr  hand,  two   colors  M-|iHrate<J 
fr*im  uach  other  by  a  greater  dis^tHnce  than  that  which  aeparatcs  complfmentary 
colors  are  mixed,  one  obtains  purple,  or  some  such  color,  which  liw  between  one 
of  the  components  and  the  correspondinR  end  of  the  s]»ec(rnm.     In  this  case 
the  mixture  ih  the  mfire  m-HrJ.v  Haturnted  the  greater  the  distance  between  the 
components,  and  approaches  white  more  the  less  the  diataucv  Wtween   them 
(ilclmholu). 
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In  the  preo«liii(r  tMo  hnve  been  brouabt  tostethtir  after  Helniholu  the  reaulti 
of  mixinp  diffpn-nt  spectra!  colors.     At  ihe  top  of  the  rertical  columns  and  atl 
the  left  are  fouii<l  iho  simple  colors;  whpff  xhe  rtrtlnal  and  horizontnl  ct^Iuinnsj 
iutcrM.-4:t   flre  found   the  color*  resultin^c    from  tlie  mixture  of  the  two   simple', 
colors  slundintf  Ht  the  beginning  of  the  intersecting  columns. 


D.    OK  TBE  THEORY  OF  COLOR 

Prom  the  facts  jtist  given  it  Appears  that  we  can  produre  the  whole  series 
of  difTurent  culor  luues  by  appropriate  mixture  of  a  few  simple  colon.     An;^ 
physiological  thw>rf  of  color  )tas  therefore  to  show  what  the-*e  simple  color*  i 
are  and  to  derive  all  color  sensations  from  them. 

There  are  at  this  time  two  principal  opposing  views  as  to  the  proliictton 
of  color,  namely,  the  three-color  theory,  originally  proposed  by  Thomas  Young 


R        o      r         a  B  V 

Fk).  237.— Excittttion  of  th«  (lifTcmil  enmpnntrnlA  of  the  viaiiml  Organ  hy  li(ht  rayw  of  difFervnl] 

vruve  l«iigUu,  after  B«lni  holts. 
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and  later  developed  by  Helmholiz,  and  the  theori'  of  anfa^tmistic  eolnrs, 
offered  by  Hering.  Since  au  exhawi-tive  crilicjil  tltscussioii  of  the-w  views 
would  aill  [or  entirely  too  much  room  and  inasmuch  as  It  will  probably  he 
a  long  time  yet  lieforc  the  question  is  finally  settled,  we  shall  limit  the  di.4- 
cuKsion  to  a  purely  dogmatic  citatenient  of  the  essence  of  the  two  theories. 

I.  Thf  Three-color  Thrarij. — Yonng  regarde<l  red.  gr^cn  and  vioht  a* 
fundamental  or  primary  colors,  because  they  cannot  be  obtained,  at  least  not  ^^ 
in  complete  saturation,  by  mixture  of  other  colora.  He  supposed  tliat  ia  every  ^| 
part  of  the  retina  which  is  cnpnhle  of  all  the  color  sensations,  there  are  ihreo  ^i 
separate  nerve  elements;  stimnlatinn  of  (he  fin^t  produces  the  sensjitinti  of 
red;  dtimulation  of  the  second,  that  of  grwn;  stimulation  of  the  third  the 
sensation  of  violet.  Since  the  action  of  light  on  the  percipient  parts  of 
the  retina  is  in  all  probability  a  chemical  process  in  which  certain  com- 
poiuids  are  broken  down,  there  would  be  in  the  retina,  according  to  this 
theory,  ilmv  different  visual  substiinces  corresponding  to  the  three  primary 
colors.  1x1  order  not  to  commit  ourselves  as  to  the  way  in  which  the  light 
acts  dircttly,  we  ^hall  designate  these  percipient  elements  in  general  as  com- 
fonents  of  the  vii^nal  nrgnn. 

Light  acts  with  varying  intensity  according  to  its  wave  lengths,  on  the 
thre*"  components.  The  red-perceiving  component  is  excited  most  powerfully 
hy  light  of  the  greateiit  wave  length ;  the  green-perceiving  component  1^ 
light  of  medium  wave  length,  and  the  violel-pereciring  hy  light  of  the  shortMt 
wave  length.  However,  it  is  possible,  and  for  the  explanation  of  certain  phe- 
nomena it  is  necessary,  to  assume  that  each  spectral  color  stimnlatc.«  all  th 

iponent«,  one  of  them  feebly,  the  others  jiowcrfully. 


In  Fig.  2.S7  the  three  curves  represent  whematicallj'.  according  to  lleliii- 
holtz.  the  relative  degrw  to  which  each  component  is  ^tinmlnted  liv  the 
different  light  ra}-s  iu  the  production  of  their  appropriate  color  sensationB, 
thus : 

Simple  red  Riimulates  the  red-pereeirin(r  ontnponent  strongly,  tlic  oibcr  ivo 
ff^bly;  Bensations  of  rod. 

Sinipio  jpll'iw  i»ttniolflte«  the  red-  and  )ireen-perceiTiii(f  compoiwnt*  mod- 
erately, the  violet  feebly;  »en»Btinii  jellow. 

Simple  Kreen  stimulates  the  Rreen-perceivint;  6ub«itaiicc  etruiuily,  the  nther 
two  miieh  more  feebly;  seusatiua  jini-n.  Otbvr  eOvct^  cnii  lie  r<>Hdit,v  combined 
from  the.  figuf- 

Stuiuilatimi  uf  utl  components  with  about  the  same  inletifiily  gives  the 
sensation  of  white  or  of  whiti.-sh  colors. 

Aeoorilinjj  to  ihi?  lliree-eolor  thoort'.  black  tw  only  an  e^tremelv  feeble  white; 
between  the  twu  there  is  do  qualitative  dilTen>uve.  but  oalj  a  iiuantitativi^  one. 

Sim*  ac(-or<ling  to  this  scheme  the  color  system  of  a  man  with  normal 
vision  requires  the  assumption  of  three  primary  colors,  the  oyw  of  this  class 
of  people  are  called  trichromatic. 

Startirig  will)  ihp  Youn^-Helmh'vltK  theory  Krinijr  and  iJieterifi  have  car- 
ried out  a  very  exleujive  series  of  measurements  and  hove  calculali^d  thf  form 
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Fto.  238. — CxciUtion  of  the  diflnrrcil.  compoiiFnla  of  llw  vvuaJ  orKnn  by  Ucht  wav«  ol  dklTemil 
wai-v  \vn^y  li,  after  KAnig  KCni  Dieteriei. 

of  their  (own)  cnrretf  of  peneation  for  the  three  primary  colors.  They  found 
that  at  the  extreme  red  nnd  the  extreme  violet  end'*  of  the  spoetrum  they 
could  dijitinjjuiHh  a  difTcrence  of  lirighlnciw.  hut  no  difference  of  color  lone, 
hence  these  two  portions  of  the  Bpectrnra.  up  to  635 /t/i  and  430 /i^  respcclivdy. 
mn.at  slimnlato  only  (ho  red-  and  the  violet -pcreeivinff  components.  The  re- 
sult- which  reprpaent  ipraphicaily  the  mean  value  for  thp  two  authors  are 
reproilnced  in  Fig.  238. 

But  there  are  eyes  with  other  color  systems,  eyes  for  example  for  which 
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a  mixture  of  two  definite  rays,  a  long-  and  a  short-waved  one,  can  be  found 
to  match  every  homogeneous  color.  The  color  system  of  such  eyes  is  dichro- 
matic. This  abnormality  is  as  a  rule  inborn  and  is  spoken  of  as  color  blind- 
ness. If  the  color  system  of  the  normal  eye  consists  of  three  components, 
that  of  the  dichromatic  eye  might  be  derived  from  it  by  the  absence  of  some 
one  constituent.  According  to  the  Young-Helmholtz  theory  there  would  thus 
be  three  possible  kinds  of  color  blindness :  red  blindness,  green  blindness  and 
violet  blindness.  From  facts  which  will  not  be  given  here  it  appears  that  the 
color  systems  of  the  red  blind  and  the  green  blind  do  correspond  fairly  with 
what  would  be  expected  from  the  theory.  Little  is  known  with  regard  to 
the  third  form. 

How  the  color  blind  actually  experience  colors  can  of  cour.*^  only  be  an- 
swered by  persons  in  whom  only  one  eye  has  been  color  blind  from   birth. . 
Hippel  and  Holmgren  have  investigated  two  such  cases.    It  must  suffice  here 
to  remark  that  in  one  of  them  mixed  white  light  appeared  the  same — i.  e., 
colorless — to  the  color-blind  as  to  the  normal  eye. 

In  indirect  or  averted  vision  the  ability  to  distinguish  colors  decreases 
gradually  from  the  center  toward  the  periphery  of  the  tield  of  vision.  The 
peripheral  limits  for  the  different  colors,  even  for  a  perfectly  normal  eve, 
depend  upon  the  intensity  of  the  light,  the  saturation  of  the  color  and  the 
size  of  the  object.  Thus  Hess  found  that  for  a  definite  shade  of  red  on  a 
gray  background,  the  limit  was  20°  from  the  axis  of  vision,  provided  the  size 
of  the  object  was  7  mm.  in  diameter;  with  a  diameter  of  30  mm.  the  same  red 
could  be  recognized  32°  from  the  axis.  According  to  Landolt,  if  the  intensity 
of  light  could  be  made  great  enough  and  the  object  could  he  made  extensive 
enough,  we  would  be  able  to  see  all  colors  at  the  very  periphery  of  the  retina. 

At  all  events  the  capacity  for  color  is  much  less  in  the  peripheral  portions 
of  the  retina  than  in  tlie  central  portions,  and  with  colored  objects  of  moderate 
.«izc  and  moderate  intensity  of  light  one  may  say  tliat  a  green  (of  495  juft) 
and  a  red  with  a  moderate  admixture  of  blue  disappear  entirely  at  a  relatively 
short  angular  distance  from  the  lino  of  vision.  Yellow  and  l)lue  can  be  recog- 
nized for  some  distance  farther  toward  the  ])oripliery.  in  fact  all  rays  of 
greater  wave  length  than  495  fx/A  are  seen  as  yellow  and  all  of  less  wave  length 
as  blue.  Still  farther  toward  the  periphery  the  sensations  of  yellow  and  blue 
disappear  and  a  zone  which  is  toleralily  color  Ijlind  is  reached  (Hess). 

2.  The  Theorif  of  Aningonisiic  Colors. — Like  tlie  three-color  theory,  this 
also  proceeds  on  the  assumption  that  all  our  visual  sensations  are  conditioned 
upon  the  cooperation  of  a  few  components  (visual  substances)  in  the  organ 
of  vision.  According  to  the  former  tlieory  tliese  are  present  in  the  retina  itself; 
but  the  theory  of  antagonistic  colors  leaves  it  undeeiiled  whether  these  .substances 
occur  in  the  retina.  o])tie  nerve  or  some  portion  of  llie  Itrain  concerned  in  vision. 

The  tliree-color  theory,  as  we  have  sei^n,  explains  the  sensation  of  white 
as  the  result  of  an  equal  excitation  of  the  three  eoinponent.s  and  regards  white 
and  black  as  only  quantitatively  ditFerent  sensatioiis,  .Vccorrling  to  Hering's 
theory,  black  and  white  are  f|ua!itatively  different  sensations,  accompanied  by 
opposite  chemical  processes  in  a  s]iocial  blaek-wliile-jHTceiviiig  substance.  The 
sensation  of  white  arises  while  a  process  of  kjitiibolism  is  going  on  in  this 
substance,  that   of  black  during  a  process  of  anabolism.     Tlie  brightness  or 


dArknen  of  any  purely  colorlesn  sensation,  ncrordingly,  is  determined  by  the 
ratio  in  which  the  intcneily  of  katabolism  Kcaads  to  that  of  anabolism. 

Bering  as*umwj  four  fundaiiioutal  eolor*:  ml,  yellon:  green  and  hlti^. 
These  colors  are  selected  liecause  they  can  occur  without  any  tinj^e  "f  another 
color  occiirTing  with  them;  or  if  they  do  exhibit  any  evident  inclination 
toward  ntiolher  color,  it  h  never  toward  more  than  one  otlier  at  tlie  *ame 
time.  For  example,  yellow  can  merjre  into  red  or  into  gnH-'n.  hut  not  into 
lilue;  lilui!  only  itito  red  or  k*"'*":  n^l  "nly  into  yellow  or  blue. 

On  the  other  hand,  red  and  green  arv  never  clearly  dijicerniWo  in  a  color 
at  the  same  Lime,  nor  yellow  and  blue.  That  i&.  the  presence  of  an  evident 
red  sensalitjn  exdudcs  that  of  an  evident  green;  the  presence  of  blue,  that  of 
yollow.  find  riVr  ivrjw ;  eonsoqiiontly.  Ilering  calls  these  mutually  exclusive 
colorn  iiiitfigimitfic  colore. 

.lust  as  the  senwitiong  of  white  and  black  are  conditioneil  upon  opposite 
proawKf^  taking  place  in  the  white  or  black  substance,  the  antagonistic  colore 
are  produceil  by  analwlidm  or  katalK>lism,  as  the  cane  may  be.  In  two  other 
visual  «iibs1ftnocf«  aj^sunnd  by  Ilrring.  miiiM-ly,  Ilie  re»l-greon-  and  the  yellow- 
blue- perceiving  substances,  Red  and  yellnw  ariw  by  kati^lmlinm.  green  and 
blue  by  anattoligra. 

The  main  proposition  of  Bering's  llieory  therefore  is  this:  the  fnndamcntal 
senaatiouci  o(  the  visual  subi^laaecs  are  grouped  in  three  pairs:  black  and  white. 
jetloir  and  blue,  red  and  green.  For  each  of  the*?  three  pairs  there  h  a  cor- 
renpimding  analmlic  and  kutabolic  pri>i'e.>*^  of  tipi-cial  «juality. 

Since  the  amount  of  analioHiini  or  katabnli^im  caused  by  a  light  stiuiului' 
in  one  of  the  three  visujil  substances  depends  not  only  upon  llie  intensity  of 
the  stimulus,  but  aim  upon  the  excitability  of  tht»  visual  substance,  the  some 
mixture  of  light  may  8p[)ear  bright  or  dull  colored,  nr  colorless,  according  to 
the  physiolngicflt  condition  of  the  ritual  ot^^an. 

When  the  vicnal  organ  haH  tH>cn  proii?cted  from  the  light  long  enough  so 
that  a  condition  of  Imlance  k-lween  tlie  nnal«>[ic  and  the  katatjolic  pr«ccs«*« 
in  reached,  and  a  coIore<I  light  of  moderate  intensity  is  then  admitted,  the 
excitability  for  that  particular  color  will  decrease  until  it  ie  leas  than  that 
for  the  antagonistic  color.  Krery  mixed  tight  which  had  prevtomdy  appeared 
colorless  will  now  he  sti-n  with  a  tint  of  the  anlagtmiHtir  <:<il()r.  or  if  Wfori? 
a  mixture  of  fuuclunientut  culorri  was  iioen.  it  will  now  ttp|>car  an  a  mixture 
of  the  two  antagonistic  colors.  Hering-'s  theory  can  thus  account  for  the 
jiucrwsiiT  iniiitclion  of  color  or  color  conlraet. 

Agreeably  to  hin  tbt^ri',  Hering  reduce^  all  color  hlindnfM  to  r«d-green 
and  yellow-hlup  blindntsfi,  TIiom-  who  are  blind  to  red  and  green  lack  the 
red-greon  visual  fulwtaiu-e:  everythiug  which  other*  ece  a»  nod  or  green,  they 
w-o  devoid  of  color;  in  all  mixed  colors  containing  red  or  green,  they  see  only 
the  ycUow  or  blue,  etc. 

E.   SIHULTAREOUS  CORTRAST 

The  idea  of  simultaneous  contrast  ran  l>c  most  :(imply  prcaentnl  by  means 
of  one  nr  two  concrete  examples.  If  «mall  colored  sectors  be  placed  on  a 
white  rli«k,  as  in  Fig.  239.  and  Ihe  middle  point  of  each  .sector  Ik?  interrupted 
by  a  black  and  white  strip,  then  when  the  dicsk  i^  rotateil  one  ought  really  to 
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gee  a  gray  ring,  corresponding  to  the  black  and  white  strip,  on  a  faintly 
colored  whitish  ground.  But  instead  of  looking  gray,  the  ring  takes  the 
complementary  color  of  the  ground. 

Standing  in  the  moonlight  and  the  gaslight  at  the  same  time,  a  perron 
casts  two  shadows— one  from  the  moonlight,  the  other  from  the  gasli^t. 
The  ground,  being  illuminated  by  both  the  moon  and  the  yellow-red  light 
of  the  gas  flame,  takes  the  color  of  the  latter.  The  shadow  from  the  "moon- 
light is  also  yellow  red,  for  it  is  likewise  illuminated  by  the  gaslight.  The 
other  shadow  which  is  illuminated  by  the  moonlight  ought  to  be  gray,  but 
is  not.  It  has  instead  a  bluish  color — i.  e.,  the  complemenlarj'  color  of  the 
ground. 

Simultaneous  contrast  therefore  means  that  an  object  without  color,  in 
the  neighborhood  of  a  colored  one,  takes  on  a  tint  which  is  the  complement 

of  the  color  in  the  object  beside  which 
it  is  placed.  In  the  same  way  a  bright 
object  in  the  neighborhood  of  a  dark  one 
looks  brighter  than  it  really  is. 

We  are  all  the  time  meeting  with  con- 
trast phenomena  which  influence  in  many 
ways  the  impression  we  get  of  color  com- 
positions. If,  for  example,  a  black  design 
be  printed  on  a  red  material,  the  design 
does  not  appear  black,  but  because  of  the 
contrast  greenish  blue.  In  order  to  make 
the  design  actually  appear  black,  it  is 
necessary  to  mix  a  little  of  the  ground 
color  with  the  black — i.  e.,  in  this  ease 
the  design  must  be  printed  in  a  veiy  dark 
Flo.  239. — After  Hrimholts.  red.     The  greenish  bluv  produced  by  con- 

trai^t  then  mixes  with  the  red  of  the  de- 
sign, giving  a  faint  white;  hence  the  design  no  lunger  appears  greenish  blue, 
but  black  (Chevreul). 

If  on  the  other  hand  the  design  and  ground  work  are  complementary  colors. 
they  intensify  each  other.  A  .vellow  design  on  a  blue  material  stands  out  much 
more  prominently  than  it  would  on  any  other  onli-r;  and  the  same  is  true  of 
course  of  black  nnd  white.  Phenomena  uf  llii:?  kind  are  of  no  little  importance 
in  securing  sharpness  of  vision. 

It  is  evident  that  these  contrast  phemimena  are  entirely  of  subjective  origin 
and  cannot  be  caused  by  any  objective  influence  of  the  one  color  on  another. 

Aifordinf:  to  Ilclmholtz  it  is  all  a  matter  of  jiulsrmont.  We  are  accujs- 
tomwl  to  suhtnicl  from  .ill  colored  Mirfnce-;  wiilioul  ilistinctinn  the  light  bv 
which  they  are  illuminated,  so  far  as  that  is  in  the  rei:ion  of  their  own  color, 
in  order  to  find  the  body  color  itself.  If  trasliirlil  ami  moonlight  fall  on  the 
same  spot,  the  illumination  of  the  frroiiml  i-;  a  liLrlit  vellow  red.  Xow  this 
yellow  re<l  wo  ali^tracl  not  only  from  llie  mlnr  of  tlio  jrroiinil,  but  also  fmm 
that  of  the  shadow,  no  which  no  ^'asiifjlu  falls:  hvno-  it  looks  blue  when  it 
is  really  white. 

Herin<r  on  the  ba^i-;  of  a  jrreat  variety  nf  r\p,Tiinonts  makes  different 
objections  to  iliis  view,  and  in  many  cases  at  lea^t  lia<  succeeded  in  showing 
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that  tstniultaneous  ooDlrast  id  not  a  ddudion  o(  lliu  Judgment,  1jut  rc^ls  upon 
(he  aciion  of  neighboring  spots  in  Ihe  visual  ap{wriiLus.  The  stalp  n{  cxc-ita- 
bililjc  of  H  riftinal  spot  A,  for  exiiniple,  is  always  (It'pcndpnt  upon  tlic  phvuio- 
logical  rondilifvn  of  all  tlu-  n\Ht  of  th<*  n-tinn.  jmptirularly  mf  tin*  parU  ailja- 
<'i'n(  to  Iho  »*p(tt  A.  Tlius.  if  ihi'  «[iot  A  i^*  Wm^  rnnstatitly  KliiinilahTl.  il-s 
<'St'itnl)ilily  iniiy  Im  raiMiI  or  Inwcn-d  iin'nHy  liv  rhan^niip  llii-  stn-iiKtli  <if  Hie 
liyht  Hdecting"  oilier  parts  of  llio  rt'tina.  Kvcry  incn-aw  in  the  intensity  nt 
thy  climuhw  on  othLT  parts  nnluccs  the  excitability  of  the  piven  ?pot  A.  ?ii 
thai  tht'  seii-satioii  ni«liiil(.'il  hy  it  is  less  hripht.  Kverj-  decrease  in  the  stinmliis 
on  the  rest  of  thi^  retina  rhttnjre.s  the  fomlilion  «f  A  so  that  the  ci^rrespomUng 
6cn»ulion  bueonicM  hrighlcr.  The  mm*i  \&ws  apply,  aoecmlinj.'  to  Hering.  to 
color  enntmst.  That  i«,  if  the  spot  A  is  expo*»oil  to  white  li^ht  and  the  rest 
of  the  ri'tina  to  yellow-ri'il  lifrhl.  the  excitability  of  the  spot  A  for  yellow  red 
is  n'lliH'i'd  iiinl  the  wfiJIe  field  a]ipears  in  the  eoniplemi'nlary  color,  etc.  Ilering 
l>olieves  thiit  itic  efTot-ts  of  ndjneent  retinal  siKit;*  on  one  Bno(h<T  play  an 
Ci^cntiul  part  also  iu  the  pn)duction  of  [H>gitive  and  negative  afler-iitiagt». 


THIUD    SECTION 

MOVEMENTS    OF   THE    EYE    AND   VISUAL    PERCEPTIONS 

S  I.    ACTION   OF   THE   EYE   MUSCLES 

In  dispusrtinj!  movemenis  of  Ihc  eye  wp  assume  what  ih  only  approximately 
true,  nairicly,  that  lliey  lake  plnee  uIhiiiI  a  definite  point  called  the  cffn^rr  nf 
rolalian.  al&o  that  when  the  head  ic  eretrt  uiid  llw  gaze  is  directed  straight 
forward  the  two  Unt*  of  vision  are  horizontal  end  parallel  throughout  (primary 
position ) . 

Mfasurt^TTients  which  hiivp  hcen  maile  to  doiormine  the  point  of  origin  and 
the  point  *>f  iiisertiim  'if  the  ilillerent  musch's.  with  n'ferf>nee  t'l  the  center 
of  rotation  and  Ihe  line  of  virion,  a«  the  primary  axis,  have  shown  that  (he 
three  pairs  of  muscles  are  not  directly  antagonistic.  The  aiut  of  rotation  of  the 
superior  rectus  muselo  does  not  coincide  with  that  of  the  inferior  rectus,  nor 
does  that  of  the  externa!  rectus  coincide  with  that  of  the  internal,  nor  that 
of  the  siijierior  ohiiipie  with  thai  of  the  inferior.  Kor  the  sake  of  simplieity. 
however,  we  shall  neglect  these  differences  and  a^ume  that  each  puir  of  mus- 
cles rolfltes  the  eye  altout  one  and  the  tuime  axin  ^Volkmann). 

TTtp  posilionii  nf  the  ast^unied  common  axes  for  the  two  eyw  are  shown  in 
Fig.  240.  The  liue  D-D'  i-«  the  axis  nssunn-d  to  be  common  to  the  ituperior 
and  inferior  recti  and  0-0'  thnt  for  the  two  oliIi»iue  inusele>».  The  axis  for 
the  extenial  recti  would  l>e  vortical  to  the  plane  of  the  paper  at  U.  The 
movement  of  cither  ere  in  the  figure  caused  hy  the  iiwlated  actton  of  each  of 
these  muRelea  may  I*  pictured  to  oneself  by  placing  the  book  so  that  one's 
own  line  of  vision  coincides  with  the  axis  of  any  given  muscle,  and  then 
imagining  the  eye  in  the  picture  to  rotate  right  or  left  about  the  olwerver'a 
lino  of  vision. 

Ir'ig.  '-.Ml  rvpreitents,  according  to  Ilering,  approximately  the  path?  which 
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the  line  of  vision  nf  the  left  eye  would  liescribe  on  a  plane  standing  at  rigbt 
angles  t<i  ttie  primary  a\\s  at  the  distance  dd  from  the  renter  of  rotalion,  if  i 
the  eye  wun-  nUau-il  iibunt  Ihe  several  ascis  as  given  in  Fig.  240.  The  poHtJonj 
which  tlie  horizontal  meriiliftn  of  the  eye  would  have  at  the  couchision  of  th»] 
movemeni  in  shown  liy  a  «hnrt.  hciivy  line  at  the  piiil  of  each  path.  The  length 
of  each  jmlli  corrot^jiond^  tn  n  rntHlioii  of  alMint  r>0'^;  tht'  nuint>cn!  mark  the; 
Bucces.sivc  prwition:*  of  the  line  nf  vision. 

t-'mm  ihis  figure  it  is  t-k-ar  that  even  if  the  relations  nf  the  axes  were  inJ 
fact  as  simple  as  we  hare  Kupjwtied  them  to  be.  it  would  be  possible  tu  movttj 
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Flo.  340. — thp  pxlra-oculw  mwctm  and  (heir  MXm  of  nttntiun,  after  Tax.     Tlie  Irfl  «ye  w  ahovfi 

with  the  mi|>crior  m;(i»  rnnovcd.  r.i./.,  tnlvnot  rvctiip;  r.t.,  niptfrior  nctiw;  r.r.,  pxtvnul 
rvclua;  ri..  iiilmiiil  riiUia;  o.e.,  Mupenor  ubUqui?;  it.i.,  uiferiur  oblniue.  Tttc  Hnn  A  A' 
ropranmU  the  lin*  pf  vWoa;  T  T',  tlw  trnnavrrw  jixie  o(  the  eyeball;  />  /)',  ihc  tixis  iif  roi»* 
tioa  of  tlif  auperiur  Aiid  iiirt^rjur  rectus  musclte.  tbU  n.x'm  ciimltm  bii  angle  of  03°  wilti  thv  Iltie 
of  viuLiii:  OO',  the  iLXUf  of  ratntion  of  ihc  infurivr  an<I  su|>crivrobtic|ti«  muMU«»:  Ihls 
uuikn  itu  pLnglr  tif  Sb"  witli  lli«  line  or  viBibii.  The  ii.iia  lor  tlit^  intemkl  Mid  ext^mn)  rtcli 
musclM  \»  pcr[wiLclic;iilur  Ui  Hit-  |iliuio  of  the  papvr  »l  the  center  of  romtlan,  C. 

the  line  of  vision,  etc..  along  a  vertieal  line  only  by  the  proper  eooporation 
of  at  least  two  muscles.  The  mnvenietit  directly  upward  involves  the  action 
of  the  superior  rectus  and  the  inferior  ob!i(]ue;  the  movement  directly  down- 
ward the  aetion  of  the  inferior  reetufi  and  (he  superior  oblique.  The  former 
two  assist  each  other  in  the  rotation  upward,  but  the  one  leads  to  roll  the 
eye  outward  and  the  nrher  inward,  no  that  hy  a  compensatory  action  the  rollin;j 
can  be  preveutetl  altogether.  Kxaelly  the  same  in  true  of  the  muscles  whicii 
rotate  the  eye  downward. 

Knowing  as  we  do  that  the  different  axes  of  the  eye  actually  have  a 
einiptc  arrangement  thnn  that  here  assuttieii.  it  i«  evident,  as  Volkmnnn  has 
cmphasizi-d,  that  what  nre  nppnreiitly  the  simplest  movements  of  the  eye 
involve  the  simultant^oue  action  of  i^everal  muscled. 


A.    LIMITS  OP  THE   EYE    HOVEMERTS 

llultnlioltz,  Aubcrt.  Hering  and  others  have  detemiinwl  how  far  the  oye 

cau  Iw  ntovotJ  in  ihu  «liiri?ront  directions  by  means  of  iU  Tnu«cle»,  and  have 
tlm^  iiitipped  (lut  Ihc  limits  nf  the  finid  of  vision.  With  parallel  lines  of 
virion  the  monocular  liitIdH  of  the  twn  evw.  prftJLvlod  upoti  n  di.'<tatit  plane, 
have  the  positions  repre^eiiled  in  Fig.  242.  TIk*  point  m  represents  a  wry 
(liKtaiit  iixalioii  point.  The  two  mnnocuhir  fit'hls  rlo  not  rover  each  other 
The  purls  accvwiihte  only  to  the  left  eye  arc  ruled  and  are  de^ifrnatetl  hy  the 
K'tiiT  I.  ttiose  aeccssihle  to  the  right  eye  only  are  horizontally  ruled  and  are 
di'sifnialfd  hy  the  loiter  r. 

However  it  would  nnl  he  correct  to  suppose  that  the  unruled  part  of  the 
niomx-ulnr  fiold  coinnintJ  to  the  Iwo  e_\*es  is  in  fiu-t  Ihp  hinoriiJar  fifld.     On 


Fia.  241. — The  paths  deKTibcd  by  lli«  line  vf  viototi  m  Ow  mult  of  ratfttioo  bj-  Uw  aeiiantic  oye 

muaolM.  ftflrr  [trrjiid. 


the  contrary  the  two  tines  of  vioinn  cannot  be  directbl  at  the  same  time  to 
every  jwiiiil  in  iho  outer  i^pace  to  whirh  eaeh  line  of  viwioii  can  be  directed 
alone.  The  siiace  !:tirrouni!e<l  hy  Ihc  line  «  «  in  Tijc.  tVi  re|in?!<entn  the  hinoca- 
lar  iield  for  distant  vieion.  We  see  how  itniall  if)  the  binocular  field  common 
to  the  two  Iinc3  of  vit^ion;  it  is  much  smaller  than  the  field  common  to  both 
vUual  axes  also  for  near  vision. 


552 


VISION 


\(t 


«i 


111 


The  two  eves  are  very  closely  ajwocialwl  in  their  movemenfa.    I'nder  nnrmal 
cireumstonces  the  Iiii«  of  vision  of  Iht*  uue  fauii^l    Ik;  dirwleU    lo   a   putot 
hightr  than  ilial  to  which  tho  other  is  ilirected  ai  the  same  time,  and  the  tn^H 
cannot  be  made  to  divcr^i',  ^| 

ThtorL'licalJy,  by  Hfjpropriaifly  comliined  action  of  it*  six  muscles,  fach  eye 
can  be  turned   in  any  Uiiwtiou   and   rotated  on  any  axis;   but   the   aolual 

movements  are  fuw  in  coiiipariain 
with  those  theoretically  pos.^ible.  In 
geHLTal  wo  may  say  that  only  movtv 
iiiL-ritx  M'itli  ilie  liucii;  of  vision  |»ar»l- 
Ic'I  or  (lynimftncally  converged — i.  e., 
directed  toward  a  point  in  the  mid 
line — are  possible.  t'onvergeucc  of 
the  liiifs  of  vision  tnward  a  point  not 
in  the  mid  line  is  alwa}*^  asHoeiated 
with  t'i'ctit  eftort,  and  aa  a  rule  La 
oljvifiled  by  moving  the  head  and 
thus  avoiding,  a^  we  are  always  in- 
clined to  doj  extreme  movemenU 
the  eyes. 

Thia  limilalion  of  the  ev«  mo( 
meiils  i.4  (if  very  great  important*  fa 
viMial  |)LTru|>tii>iis ;  for  the  connection 
between  the  retinal  iraagCA  and  the 
sition  of  the  eyes  u  thereby  render 
more  constant  than  would  be  the  ease  if  all  theoretically  possible  movtnie 
were  carried  out. 


Fio  242, — Till-  fii-ld  of  viKii.ni  itrojfcieH  on  a 
■lisljiiil  [iliiiiF  |i<~r|K'nitici]l(ir  Ut  Ihi' Iinr  of 
t'iHion,  aflcr  Ilvring. 
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g  2.    SIGNIFICANCE   OF   EYE   MOVEMENTS  FOR  THE    OUTWARD 
PROJECTION   OF    VISUAL   PERCEPTIONS 

It  is  evident  from  the  optical  principleB  of  the  eye  that  the  imi 
thrown  on  the  retina  by  refraction  of  light  are  always  reversed,  and  yet 
always  see  the  objects  to  which  the  imager  eorrojipoml   rijiht  side  up. 
explanation  of  this  pbenomenon  has  bei-n  much  d)»cui>>!^ed,  and  yet  is  all  rei 
simple. 

The  newborn  chihl  se**.  hut  uiulerKtamls  nothing  of  what  it  sees.  Ii 
cladcd  in  the  knowledge  which  the  child  gains  by  experience  with  the  een^e 
of  sight  i.s  the  knowledge  of  the  position  of  things.  Rut  this  VnowliHlgp  the 
child  doe-s  not  obtain  by  the  senile  of  sight  aloue;  the  ImkIjIv  inovi^uieuts  play 
a  dolnrmining  part  as  well.  When  the  child  looks  at  its  nurite  the  ima^  is 
upside  down  ou  Ihe  retina.  But  if  it  should  wish  to  toneh  the  nurRe"*  head 
with  its  hand,  it  must  more  its  arm  in  the  right  direction.  In  this  way  a 
detinite  connection  i^  cMabJished  belwi^Mi  tlie  retinal  imape  and  the  more- 
mental,  and  the  child  Icamg  to  project  ilt;  viaual  iuipreastons  outward  in 
proper  direction. 

The  reason  then  why  we  see  alt  objects  right  aide  up  is,  thai  in  derelApii 
our  ability  to  recognize  external  objects  and  their  position  in  space,  wc  lit 
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always  made  iwc  of  moTementjf  of  the  arm  and  eapeeially  of  the  eyes  thcm- 
aelveu,  whifh  hnvc  tau^l  uh  the  proper  direction. 

A»  nn  illuiitration  of  the  way  visual  imprci^ionfl  arc  prn)(>cU*tl  nutwnrd  we 
111U.V  tak*-'  SL-ht'iner'H  (1019)  «i(;H.-rimeiil.  whieh  at  the  name  time  i>t  an  iuU-rpat- 
iii|£  doriiuij»lruliuii  of  Qccomiiiuctaliou.  Twu  iiut.-(ltu8  arc  tiluvi-U  uiil-  K-bind  the 
other  bffuri:  u  hriffhl  liRckKroiiiid,  the  oik*  vertical  and  about  IS  ctii.  fnim  thts 
eye.  and  the  oilier  horizontal  and  flbout  60  cm.  from  tho  cvp,  Thon  a  card  eon- 
taiiiing'  two  amnll  \uiii^,  whose  diy^tHiicf  fnmi  each  other  is  leftn  tbau  the  diameter 
of  the  ])U[>il.  i«  held  before  the  eye,  and  the  other  eye  i»  idosi-d.  If  tme  aecora- 
mudates  now  for  one  iie«dle,  while  the  card  i»  beiniE  held  no  that  the  line  joining 
the  holes  is  in  thu  suuie  direction  as  the  other  needle,  thia  second  needle  will 
a|>pear  double. 

Su|i[KiHe  the  p.ve  be  adjust^^^  for  the  distant  needle,  b  (Fi|r.  343,  A),  then 
the  iinnjrc  of  the  near  noeWle  a  fnlU  at  a.  Since  eaeh  of  the  two  holes  admits 
a  beam  of  litrlit  from  the  near  needle,  and  tbe»e  two  beams  cannot  fall  in  the 
aame  place  un  the  retina,  two  faint  iiuuKOi<  are  formed  at  the  plaet^v  where  they 
crow  the  n-iinn.  In  the  same  wu.v  by  aerommudattnK  for  the  near  needle  o  we 
get  a  double  imuue  of  h  (Kiii.  243.  I().  l)H'BU8e  the  rays  fmm  that  nei-dle  strike 
the  retina  at  two  placea.  If  in  the  latter  case  one  hole  in  the  card  is  covered,  the 
image  on  tho  same  Hide  will  di«ap|iear;  for  Iho  iinatre  which  la  formed  by  cross- 
ing (cf.  Fig.  aao)  to  the  opiHwite  side  of  the  retina  hat  been  pnyeeted  to  this 
side  of  the  field  of  vixion — e.g.,  the  upi^'r  image  at  a'  in  the  direction  of  b'c, 
II,  however,  the  same  hole  e  he  cliuvd  in  the  fin^i  cnM>  (Fig.  24^1.  A),  the  image 
on  the  opposite  Hide  dit<ii))pear!):  the  lower  image  at  b'  is  pnjcf'ied  not  iu  the 
direction  e.  but  In  the  dircetioii  d. 

Muvementa  of  the  eye  dfttrmim'  the  projcetion  of  our  visual  impressions  in 
other  cvuaectioas  also.    When  one  looks  through  a  wire  gatue  at  the  window 


Pia.  343. — Schnner'a  «xp«riinent. 


the  me«he9  appear  large  nml  far  removed  from  tlie  eye,  hut  if  |Im>  cyea  be 
focused  on  a  pencil  point  held  close  to  one's  near  point  of  vinion  in  front  of 
the  gauze,  the  meahea  appear  Hmall  and  near — i.e.,  appear  in  the  plane  of  the 
fixed  point  or  of  the  point  where  the  lines  of  viaion  moot.  Although  the  experi- 
ment givfM  the  aame  re^ull  in  Kviking  with  one  eye,  the  oti)*erver  can  plainly 
feel  that  the  eyes  are  strongly  converged  in  fixittg  the  near  ohject. 
» 
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looking  for 


fall  piled. 


moment  a(  the  mm  nntil  the 
cyen  be  iiirne<l  toward  n  imifonnly  liglit*Mi  wall,  one  wjcs  tliere  an  aric'r>image 
of  the  sun,  the  size  of  which  depends  upon  thi>  dii^taneo  of  the  wall — the  farther 

iiwav  the  wiill  the  larfjiT  the  afler-inmgc 
c     .     ,     ,     c     „  .        (H:Me>L.r).  jH 

Wo  shall  ri'turn  again  to  the  condJ^B 
Flo.  244.— AfiCT  Heriiig.  tions  for  the  peK-epllon  of  depth  ttnc]  the 

laws  iiy  which  we  judpe  Ihe  apparent  clis- 
tnnc(*  of  an  object.  Fmm  Ihr  fnrt^  just  prr'senled.  which  arc  rxartly  the 
Kamc  with  and  witliout  acH'onnni>diilir>n.  it  follows  ttiat  a  n-linal  iinagii  of 
a  given  size  i*"  pmjceted  in  ditfert-nt  cixf?*  act'ording  to  the  position  of  (he 
visual  llneB.  the  ohjeel  appearing  smaller  when  thev  arc  converged,  larjjer 
when  the_v  are  parallel. 

The  size  of  the  retmal  imtige  therefnrc  ie  not  always  the  determining 
factor  in  judging  the  size  of  tihjcrls.  The  apparent  i^iste  of  a  well-known 
object — e.  p.,  that  of  an  adult  man — drwB  not  vary  iiDtieL-ahlv  when  it  is  seen 
at  different  distances,  altlmugh  ttte  size  of  the  retinal  image  changes  conitid- 
eralily.  Sneh  pciniliarilicjt  are  llie  re'^ull 
of  a  gradually  ueijniriid  experiem-v.  A 
child  relying  on  the  size  of  its  retinal  im- 
agiw  misjudges  the  size  of  objects  much 
more  than  an  adult. 

In  forming  judgments  of  linear,  verti- 
cal and  horizontal  distances.  lsjuilIIv  nv 
moved  from  ua,  the  rrioveirienta  of  nur  eyes 

play  a  determining  part  (W'undt).     If  we  cntriparc  a  h|i!H'i'  divided  by  pninj 
«r  lines  into  intcrTals  with  an  ef|iial  space  not  ni  divided,  (lie  U\n\wr  app 
greater  than  the  latter  (Tiering.  Kig.  244).     Twn  sijuare*'  of  the  iqiinc  sia 
one  ruled  liorizttntally.  the  other  vertically.  ap|>ear  to  be  different   in   hot 
hreadtli  tind  hoiglit   (Fig.  24S).     In  both  thesn^  exaniplea  the  retinal   ima<» 
of  the  twii  objects  compared  are  exactly  eipird  in  size,  and  llie  aecoiinnodation 
i»  the  same.    The  luisjs  of  Che  plienonienrm  apfx-ars  to  be  tiint  it  retiuirw  less 
muscular  effort  to  cast  the  eyes  over  an  empty  w]ince  than  over  one  intermpted 
at  certain  intcnaltf.    ]t  it:  as  if  the  eye  had  to  make  a 
fri'sh  ctFort  at  vi\v\\  point  in  Fig.  'i\\.  ani3  ut  each  liue_ 
jti  Kig.  245. 

The  vertical  line  in   Fig,  '.ilti  appears  longer  the 
the  horizontal  one  because  it  requires  greater  musculi 
effort  to  move  the  line  of  vision  up  and  down  ihan  to" 
Flo.  246.  move  it  nut  ami  in.     For  in  the  moveineut  of  the  visna,^^ 

line  directly  upward  it  is  m^ccA^Ary  that  two  nnt^clodH 
cooperate  {cE.  page  .5.50).      One  of  these,  the  superior  rectna,  tends  to  tnrn^ 
the  eye  upward  and  inward;  the  other,  the  inferior  ohlitine,  lend?  to  turn  it 
upward  and  outward.     Hence  part  of  the  mnMcnlur  forxT  developeil  in  en 
nniscle  is  used  in  antagonizing  the  other.    But  in  rotation  of  the  eye  diritt 
futward  and  inward  no  sncli  couipensalion  is  nocewsflry.  hence  not  ao  m' 
muscular  effort  is  rwjuired.    The  horizontal  line  therefore  sevms  shorter. 


Fia.  34&.— AtUr  BdmtvoIU. 
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gS.    BINOCULAR   VTSION 

Tho  stmlv  of  vision  wtlli  two  ryes  is  uf  vltv  ;;reat  inlere^t  for  pMNiolApical 
psycholojrv,  nnd  has  Stfn  1ri?nt«i  liy  iimny  cxcpllcnt  aiithnritic.^.  HtTP.  how- 
ever, ve  must  liinit  ourselrca  to  the  most  impnrtanl  points  niiri  shall  only 
discufis  tlio  couditioiu  of  single  vision  and  thu  pcrccptioa  of  dupth. 

A.   CORRESPONDEWCE  OF  THE  TWO  RETINA 

It  i;*  a  mntler  of  I'vorvday  c'X[»orioncy  that  a  (lintaTil  ohjt'ct  rt-gardod  wirh 
hotli  e\L^A  ill  llicir  ordinary  position  looks  ctin^le,  liirt  that  if  onr  {?ye  Itc  pii^InnJ 
out  of  liue  tliti  object  Itifn  looks  double.  One  cnnditioD  of  nin^te  vision  trith 
iwn  eyes.  Iliorefor*?,  miisl  Ike  that  the  )mage.s  fall  on  parts  of  the  two  rptina? 
wliii'h  I'xaii^tly  (TorrcK^Ktiid  tn  (-afh  other.  Thnw  ]KiinlH  of  tin?  n-tiiia*  upon 
whii:h  Iho  saiiiL'  parts  of  the  two  imagw  fall  are  called  rorrenpondinfj  jwinla. 

On  purely  optiral  fjrounds  it  is  ovident  that  only  two  pnint*  can  cor rcis pond, 
for  witli  any  ^'iven  ]HiHition  of  the  i-yc  a  liiminouy  ]Kitnt  can  Ik>  pictured  at 


TiQ.  S47. — Ths  rivalry  of  tb»  ratJiu*. 

hut  one  definite  spot  in  each  eye.    The  centers  of  the  two  fovm  ccnlrales 

rfiprpwnl  corrrspondin);  points.  The  exact  position  of  others  ran  \\c  deter* 
tiiiniHl  t'xpcriirit'jitallt  hy  nieantt  of  ati  instrument  known  a^  the  haplnscnpo 
(llcring).  It  is  evident  on  reflection  that  the  naital  side  of  one  retina  muot 
correspond  to  the  tcnipornl  side  of  the  other,  since  lipht  from,  mv,  the  rijrht 
aide  nf  the  Held  of  vision  must  strike  the  left  fiide  of  both  rctinie  and  vice 
vena. 

B.    SINGLE  Vision   WITH   TWO   EYES 

It  niif;hl  he  Hopposeil  in  explanation  of  the  rcmarkahle  fart  nf  ftinffle  vifiion 
with  two  eyo»,  that  the  optic  nerve  filwra  proceeding  from  corresponding  points 
of  the  two  retinie  end  in  the  same  ganglion  cell  of  the  hrain.  But  this  i?  not 
true,  for  the  independence  nf  each  eye  is  much  greater  than  it  would  be  on  this 
hypolhesld.  There  is  a  form  of  squint — i.e.,  pathological  deviation  in  the 
positions  of  the  oyct' — which  is  due  to  an  abnormal  shortening  of  the  eye 
muRclea  (muacular  xtrahisim).  Tlie  line  of  viMon  of  the  jiqninting  eye  devi- 
nle-i  by  a  certain  angle  fnim  the  proper  position.  Xow  it  hnppi'ns  that  (he 
persoa  so  affected  seee  single  with  two  eyes  in  which  the  imagen  d»  not  fall 
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on  sYnunetrical  points.  If  so,  these  asymmetrical  points  vould  nevertheless 
be  corresponding  points.  But  suppose  by  a  slight  operation,  the  squinting 
eye  be  given  its  proper  position;  at  once  double  vision  results,  which  though 
for  a  time  very  disturbing,  gradually  disappears,  either  because  the  person 
learns  to  disregard  one  image,  or  it  may  be,  by  a  new  arrangement  of  the 
corresponding  points  of  the  two  retinae  (Wundt). 

If  we  take  two  patterns  ruled  in  different  directions  (as  in  Fig.  247)  and 
look  through  cylindrical  tubes  at  one  with  the  left  eye  and  at  the  other  with 
the  right,  we  should  expect,  if  the  corresponding  points  of  the  two  eyes  were 
connected  with  the  same  ganglion  cells,  to  get  a  double  pattern  ruled  both 
ways.    But  instead,  when  the  vertical  lines  of  one  pattern  are  seen  clearly, 

the  horizontal  lines  of  the  other  are  indistinct  and 
vice  versa.  If  the  eyes  be  moved  in  the  vertical 
direction,  the  vertical  lines  stand  out  more  and 
more  prominently — if  in  the  horizontal  direction 
the  horizontal  lines. 

Because  the  two  fields  of  vision  appear  thus 
to  contend  for  the  supremacy,  this  phenomenon 
is  known  as  the  rivalry  of  the  retin(E. 

The  question  whether  the  correspondence  of  the 
retinse  is  iDbom  or  acquired  has  been  answered  in 
very  different  ways.  At  all  events  we  may  be  sure 
that  the  nerve  connections  for  the  movements  of 
the  two  eyea  and  for  keeping  them  in  their  natural 
positions  are  established  before  birth.  For  this 
reason  the  portrayal  of  an  object  on  certain  parts 
of  the  retina  is  especially  favored.  Since  now  the 
bilateral  connection  of  the  optic  fibers  with  the 
ccrebnim  is,  for  the  most  part  at  least,  inborn  also, 
there  must  exist  from  the  earliest  moment  of  extra- 
uterine life  onward  very  favorable  conditions  for 
the  correspondence  of  the  retinte.  Hence  it  will 
be  relatively  easy  for  the  child  in  the  formation 
of  his  visual  sensations  to  relate  the  two  retinal 
images,  together  with  the  tactile  impressions,  to  a 
single  object  and  thus  gradually  to  develop  a  cor- 
respondence of  the  two  retina?. 


a  b  b    a 

Left  Eye  Right  Eye 

Fia.  248.— Schemft  illuBtratinR 
the  rormation  of  images  in 
the  two  eyes,  of  an  oblique 
line  in  the  median  plane. 


C.    PERCEPTIOH   OF   DEPTH 


The  principal  significance  of  vision  with  two 
eyes  is  that  it  enable.-^  us  to  estimate  distance  in 
the  sagittal  direction  more  exactly  and  to  obtain 
an  idea  nf  the  solidity  of  objprls. 
It  is  true  that  one  can  estimate  distances  with  one  eye,  hut  he  can  do  so 
much  more  accurately  with  two. 

The  factors  which  figure  in  the  perception  nf  depth  irifh  one  eye  are  the 
followinji:  (1)  visual  angle;  (2)  accommodation;  (3)  convergence  of  the 
lines  of  vision. 
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It  is  evident  that  the  visual  angle  can  figure  only  when  wi;  ans  dealing 
with  nbjecU  which  vary  but  slightly  in  size,  nnd  which  nre  well  known  to  U6. 
Diit  un«lpr  these  circumetaQcai  and  esijocially  at  great  distuncw  where  accom- 
moduticm  and  eanvergenco  can  have  no  purl  the 
visual  angle  in  of  very  great  iniportnnte. 

As  WL'  have  aln-ady  «'eti  (page  5;i4),  acconi- 
niodatioi)  and  crmvergiince  are  very  cloiwly  cou- 
nectLHl,  and  ronrrrgence  nccurn  in  acoomriiodat- 
ing  for  near  vit^itm  even  when  one  eye  i.-*  wveretl. 
Since  accotiniicKlation  ii*  not  nec^tciary  for  vision 
with  emmetropic  eyes  a1  distances  in  the  wagittui 
"lirwliou  of  more  than  5  m.,  and  only  l)ecomeis 
of  great  importance  at  a  much  smaller  din- 
tanec.  it  it;  evident  that  these  two  faclorw  can  only  figure  fnr  relalively  slight 
distant-e)*. 


LvftET* 


Right  Ejre 


Fio,  240. — TliP  jH^iion  vt  tlie  two 
■magn(I''ig.  248)  on  Ihc  minK. 


If  H  thrrad  be  placed  obliquely  in  the  nud  title  of  the  body,  so  that  ita  near 
end  (FiK.  248,  a)  i»  biither  than  it?  farther  end  (b).  oup  ean  tell  even  with  an 
inslauiuiicoux  flash  uf  Ii|i;hl  from  an  i-liTtrin  nimrk— when  the  eyea  have  not 
time  to  move — the  eorreol  poiiilioi)  of  the  thread,  and  it  never  appears  double 
(AulH'it).  And  yet,  as  Fir.  24i)  show*,  the  imageB  of  the  ends  of  the  thrt-ad  do 
not  fall  on  cornwpondtiitt  poiiita  of  the  retina,  and  froim  what  we  hnw  already 
learned  we  should  sup]Ki«e  that  the  thread  would  produce  an  impression  of  two 
lines  lyins  in  the  Name  plane  and  erog«tni|c  each  other.    By  tookiny  very  sharply, 


Fk.  350. 


in  fart,  one  can  (ret  auch  an  imprenainn:  ihia  meann  that  we  have  berw  an  ability 
which  ia  nut  inborn,  but  is  aoquin-d  by  prncliec  and  exiierienoe. 

It  follows  from  Ihe  experiment  that  the  excitation  of  two  di^iinilar 
points  of  the  retina  docs  not  alwaya  pr<Kluce  a  double  image,,  hut  under  some 
cireumatun(M.v  given  the  idea  of  a  single  objwtive  point.  This  point,  how- 
ever, is  not  in  the  plane  of  the  fixed  point,  but  lies  either  in  front  of  or 
hehinrl  it. 

The  accuraci/  with  which  we  con  perceive  differenced  of  depth  by  viaioD 
with  dissimilar  points  is  exceedingly  great.  Acconling  to  Heine,  for  persona 
endowed  with  extraordinary  acuteneiw  of  vision  n  displacement  of  the  retinal 
pifture  of  only  (i  wvirndf*  of  an  are  (0.0005  mm.)  U  perceptible.  Thus  at  a 
distance  of  .")  m.  a  displacement  in  the  sagittal  direelion  of  10  mm.  would 
be  perceptible,  and  at  a  distance  of  100  m.  a  displacement  of  80  m.     Indi- 
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viduaU  with  imrmal  acutoness  of  vm&n  could  perceive  a  displaoMnont  of  about 
twice  this  arnounl. 

The  nlKivr-innitiontNl  o\j>eriinenl  rppn'sonls  ulerfoscofic  rUion  in  it^  Kim 
pleat  form.     Wh^n  we  took  M  a  saHcI  H>l)jt>ct,  iif»t  t'>n  far  removed.  fir:*t  wit 
the  right  eve  nrnl  (hen  with  itie  lefl.  tlic  ftiflure  wo  gel  of  thf  ohject  is  not 
exactly  the  naine  for  the  two  oyi'h.     Tlii;  rif;ht  eye  sees  a  little  more  of  the 
right  side  of  the  object,  the  left  a  little  more  of  the  left  pide.    Tn  Fifj.  26 
are  represented  the  images  of  a  truncated  pyramid  ate  t^een  liy  (he  two  eye 

separately.     A  glatiee  at  llio  two  is*  suf- 
t     0      r  ficient  to  ronvinoc  nni*  that  the«e  twi 

iriingetJ  eoiild   not  iHjfcilily  fall  on  ccir- 
rejijioiuliii^'  p'tintf'  of  the  rt'tinap.      Bui 
if   lhe!*e    drawings   he  liehl    before    the 
eyej*  so  that  the  one  may  l)e  seen  with,^^ 
the  right  eye  iind  the  other  with  the  left^H 
the    Iwn    fuse    Idgellier    in    our    min<la^^ 


into  a  jjitturL'  of  uu  julual  pyramid. 


^ 


Tia.  29t. — Hnnn tttr'a  KlarnoMCop*. 


Uiile»fl  one  i»  ueeuHtomed  to  acoom 
moftutt  the  fy«'fl  withmit  roiivergiiiB  the 
linoft  of  vision  rhi;*  experiment  is  diffi- 
cult.    Thf  same  result  \h  tihtaintsl  with- 
out  ueeuiriuiudatiun   if  the  two   pictures^— 
be  refracted  tieparately  luto  the  two  eye3^| 
by  meaiia  (^f  |pn»pH.     This  is  The  princi-^^ 
pie  of  the  common  aterttiscope  of  which 
Brewster'e  tuna  (Fir.  2^)1)  may  be  takun 

aa  an  example     It  is  apparent  from  the  fiiturc  that  twu  piutun»  eituatixl  at 

I  and  r  will  be  refracted  ao  aa  to  be  svpcrimpoacd  at  o. 

For  etereoepopic  vision  to  ho  of  any  iniportaneo  the  ohjeet  must  not  he  tiK>| 
far  removed,  for  then  the  images  belonging  to  the  two  eyes  would  not  lie] 
iiotieeaii'ly  different.    The  nrdlnary  stereoscopic  views  of  lan(Isca[>eB  are  phot(>-[ 
graphed  with  a  double  camera  so  that  the  plates  are  farther  apart  than  the 
diatanee  l»etwi>cn   the  two  eye'*.     Cnntwquently  such   photographs  eomhined 
give  us  an  impreseiou  of  solidity  ^ueli  aii;  natural  visina  does  not  afford.         J 

REj'EKESfKS. — Auhert.  "  Ph,vaiohigi«che  Optik"  (Oraefe-SaeniiM-h's  "  Hand- 
bneh  iler  AiiK«-nIii'ilkniidf,"  ii,  2,  I^^ipitir,  IHTrt). — Firk,  Kiihnr  and  llering, 
*Oe3ieht»sinn  "  (Ilermann'a  ITandhueli  der  Phy**iologie,  iii,  1,  Ijeipzic,  ls7H). — ] 
ffelmholtt,  "  Ilaiidbuoh  der  phyftialonisehpn  Optik,"  second  e<lition,  Hainburg 
and  Leipzie.  18)*8-1SS«1.  The  last  named  cites  a  very  complete  litemture  of  the 
subject  of  idij-sioloyicul  optica. — llerintj,  "  Zur  Lehrc  vom  I.irhtsiiiri,"  Wien. 
IflTft. — ('.  Krifs.  several  articles  on  the  *' Physiolopic  rier  (lesitrhtneicipfindunKeii.**^ 
Leipnie,-,  !S!t7-lillV2, — ,■.  Kriea.  !^'af}i-i  iinil  Schrnck.  "  (JesiiThl-^xinn  "  (ITiindhueh 
der  PlvBiolo«ie.  iii,  1,  UruuiisphweiR.  Ifl04). —  IViin;/^,  "  Text-lKtok  of  PhyHio- 
logical  Psychol iijfy,"  tranalnted  by  E.  B,  Titehner.  Kew  York.  1905. 


CHAPTKll    XXII 

THE    IMlYBIOLtHir    OP   TlIK    NBUVE   CBLL    AND    OF   THB    BflN'Al.   COHD 


g  1.    GEHERAL   CONSIDERATIONS   CONCERNinG   THE   FINER 
STRUCTURE   OF   THE   NERVOUS   SYSTEM 

Tt  Jills  for  a  l(»ii;j  timo  Itpon  <-ustoiiiarv  to  <Iivi»je  iir-n'e  ti*sno  into  two 
clcmi-nts:  nervi^  cellji  iim]  nervf  fihrrx.  'I'lir-  norve  cclln  wore  flivt  scon  f»y 
Khrent>erg  (IKas)  in  the  ^pinal  ;oin{;Iiu.  Itcitiuk  (183r>)  fir«t  pointed  out 
ttiat  the  pmcfsws  of  nervt'  tvlls  are  continued  in  the  Rympathclic  nrrvi's  iif 
the  vurtwtmiti.'!*  as  an  uitvfiral  part  of  the  nerve  flk-rs.  This  was  shown  to  be 
true  al.<n  for  the  i n vert f brutes  by  Ilchiibollz  and  HannviT  (ISJ2).  DoilGM 
(18fi3)  iU^iiioiiHtratcd  Ihul  all  oentral  nerve  eellt:  have  two  kin<l-i  of  proce.'wca: 
first,  axifi-cy Under  processes,  which  connect  with  the  mwlullateJ  nerve  fibers 
and  hcoomc  direclly  coiitiniinus  with  this  axi.-*  evlinder;  and  Bt'condly.  prolo- 
p/tij^mic  prucffjies.  which  break  np  into  very  fine  branches  whose  iillimate  fate 
l>citcr^  wa^  unn)>le  to  ascertain. 

Ily  thi*  intrfwluotinn  (Ift7S)  of  GoJffi'n  method  of  imprcjiTiatinp  tht*  nprre 
elements  with  silver,  a  fresh  iinjiotus  wok  given  to  roceanrh  in  the  field  of 
nL'uro-histnlnjrv".  With  the  application  of  this  metliod,  which  ha.*  (riven  u*  such 
a  ric'li  Hiul  comprehensive  view  of  llie  i^lnu-tiire  of  the  nenoiia  system,  are 
associated  preeminently  such  name;^ — apart  fn>ai  that  of  Qolgi  himself — as 
those  of  Cajal,  KoIlitctT,  Iti-tzius  and  von  I^nhoiwek. 

According  to  the  view  represented  l»y  lhc»e  in^-cptigstore  the  nervous  sys- 
tem is  to  be  reffiirdcr]  as  mnde  up  of  genetically  separate  and  dintincl  ncrvnurt 
units  to  which  the  ^-neral  term  nruronf  is  now  applied.  The  most  essential 
and  important  part  of  the  neuron  is  the  nerve  cell.  ScTcral  proccs«efi  are 
pivcn  off  from  this,  one  or  two  of  which  (from  wimc  cells  more)  are  con- 
tinued as  the  (txiH  cylinders  of  iiervo  filwrs  and  wnwiiueiilly  are  termed  axiit- 
cylinrler  prfKVMi-s  or  ustrnf.  As  for  (he  remaining  proix-sses,  the  so-ealloj 
dendrites  or  protoplasmic  proce«s6«  of  Deiters,  they  divide  into  numerouR 
branchw  which  Wtime  exceedingly  attenuated,  and  in  this  way  grwitly  increase 
th(!  superficies  of  the  nen'e  cell. 

The  nerve  procctw  conlinncs  as  an  intoffral  part  of  the  nerve  fiber  to  it* 
final  distribution,  where  it  generally  breaks  up  into  a  nmall  terminal  arboriza- 
tion. At  dilTerenl  points  along  Ihe  eourw-  of  the  nerve  filter  a  variable  number 
of  side  twigs  or  collntcrak  are  usually  given  off,  which,  in  turn,  after  a  shorter 
or  lonpT  course,  like  the  uQrvf  fiber!*  themM>lve«,  end  in  delicate  ramificationp. 

According  to  Ihe  original  conception  of  the  neuron  theory  the  individual 
nerve  units  do  not  form  a  coulinuous  network,  but  are  anatomically  separate 

&59 


PHVSIULOCJY  OF  THE  NERVE  CELL  AND  THE  SPINAL  CORD 

and  distincU  althmi^h  both  in  the  centrnl  nnfl  in  the  fivmpnthetic  nonr 
ByBttm  tlif  L'lid  trw  of  one  uuumu  triay  Iwiue  aUmi  tin;  ufll  bojy  of  iho 
second  so  that  the  lattor  is  brought  into  contact  with  the  former  nouroo. 
Aay  anaslomogis  or  actual  structural  continuity  of  dendrite  with  und  art>or- 

ixiitioiL    is.    therefore,    cniphfttitally    denied.       Evi 

thing  takes  place  hy  mero  fiontuct. 

In  \icvf  of  the*  work  of  Apdthy  and   Bcthc, 

position,  however,  is  no  longer  tenable,  for  il  up|N>ar» 

to  Iiave  been  definitely  shown  ihat  the  difTt-nmt  uervc 

units  do  unitti  by  anaKtomoKis. 


I  Kir- 

.n* 
vc 

i 


Fin.  2fi2.— Guijtiion  cell  of 
mlnvh(/lirvda),  iriLhfino 
p»n|>hcnU  nMwnrk  nnd 
coiinH!  inrivr  D*r(wurk. 
From  tlic    litltcr  ■  nliiul 


According  to  Apathy's  reaearchca — chiefly  on  invi?i 

Icbrtitt'tB — the    neire   fibfre    eotwist   of   tine   nvun^tibril 

whifh  couMitute  iiide|M?iideiil  murphcloRical  eluini'iita,^ 

Within  the  m-rve  lib*?r  they  preserve  Their  individiinliiy 

throughout  orid  have  no  connection  whnteTcr  wiih  oue 

titiiither.     In  tlie  |H*ripheral  end  orRanti  the  individunl 

libril»  fptit   up  and    iorm  uii   auaKloimMiuK   network. 

Likewiwr  in  Ihn  fiitn{iliiii\  cells  the  fibrils  which  e-iiicr 

b<><^c>tnp    bmnrhed    and    form   a    network.     Bui     bffnro^H 

(iitcriiiR  the   eells  the  deliculc  end  twipt  of  the    atf<TJ^| 

("lit    liberii   tcirtn   a    reticulum   within   the  dense    IaukIu 

known  as  thy  neuropitf,   wliieh  occnpies  the  ce'iitrr  «f 

the  KUiiulion.     From  this  nvumpile  very  dt'livnlc*  tibriltt 

«ff«tvijt  fibril  il  Kivcn  dS    i-iner(rc.   jieiielniite  Ihe  RanRliou  eelU  and   there    form 

tB«ih«>,  f^i.^!  2  peripheral  network  (Fig.  252).  from  wliieh  arc 

piven  off  in   tuni   nidial  fibriU  that  wearc   flhnut  the 

cell  niicleUB  a  seeoud  network  of  thicker  fibriU  and  from  thi*  finally  the  stout 

efferent  fibril  emerRes.     Thu  iiciii'ofibrils  therefore  represent  the  coniluctiiiir  |ior« 

linn  of  the  ntrvoUB  eystcin  and  throuBh  them  all  partB  uf  the  nervou«  system 

arc  brought  into  direet  eommunicntioii  with  nne  anotbtfr  (aeeonlintt  to  Koth«->- 

Iii  certain  invertebrates  at  least  (green  crab,  crawfish),  but  a  amnll  portii^u 

of  Ihe  neurofibrils  pass  thruU(th  the  nerre  eells.     Itere.  then,  the  6brillnr  IniiiT 

»itiou  from  £ber  tu  fiber,  and  their  intermixture  must  take  place,  for  the  m*. 

part,  in  thu  neuropile  and  it«  reticulum. 

Bethe  in  particular  nhowed  that  the  neurofibrils  are  present  as  condurlin 
nentK  in  the  nrrvmi^  grfstem  of  the  vcrtehratn^  also.     Without  any   inter 
Connection  the  fibril*  run  a  separate  and  unbroken  course  to  Iho  teriiii 
arlmrizations  of  both  the  peripheral   nerve   fibers  and    their  Analogies   tl 
medullated  fibers  of  the  central  nervous  gystem.     They  occur  in  tlio  iier 
cells  alnn,  and  almost  evcrv*  cell  prncoKS  is  connected  with  one  adjacrnt 
it  by  a  bundle  of  fihrils  of  variable  thickness.    In  like  manner  each  dendriti 
process  sends  .«ome  fdtrils  into  the  axis-cylinder  process  of  tho  cell. 

Covering  the  surface  of  the  nerve  cells  nnil  of  their  dendritic  process  thci 
is  found  a  network  with  polygonal  meshes  (Fig.  253).  concerning  whose  real] 
nature  iliffcreni  views  have  Ifccn  advanewl.     It  was  first  dcscriU'd  by  (Jnlifi 
.According    to    Bethe,   who,   however,   exprcswcw   himself   verj'   eautinui«lv    i 
this  regard,  this  network  is  of  a  nervouf  characlcr,  connecting  on  (he  iin 
hand  with  the  neurofibrils  of  the  ntirvc  cclU,  and  on  the  other  with  noir 


THE  FINER  8THUCTURE  OF  TilE  NEKVOUS  BYSTKM 


561 


'M 


fibers  from  without  Act'epiing  liiis  tipw,  this  piTit-ellular  network  would 
bu  Hnalo}{uus  to  Wvi  uxlniivllular  Hbrillury  n.-liciiliim  iu  the  neuropile  of 
the  invcrtchratc*.  In  view  of  Iho  fiifl  that  it  w  not  ronfint-d  alom-  to  tlie 
liurface  of  the  cell,  but  iiijriiiilti  nut  in  thrw  flitiiriit^ionh  Ihronjtli  the  t'titinj 
(fray  tiinltcr  nf  cvrlain  part)*  of  Ihc  iktvous  xyptL'tii,  this  uttwork  may  W  ItK)!^^^ 
ufHm  OK  wmfilitiitin^  a  new  kind  of  nerve  inaller.  prolmbly  correA]K)rulin('  to 
the  eilracL'llular  "  gray  "  whow  exi«tRiice  was  postulated  by  Nissl.  NiiwrB 
inference  waii  hascd  on  thi*  j;roiind  thai  even  tliu  great  number  of  nerve  tt'tU, 
dc-iidritic  and  ax i«-t^y Under  prooesses.  neun>j;Iiii  fiU-rs  and  <i']ls.  and  blood 
vMiield  lakt'u  colltK-tivvIy.  I'sjKtially  in  i«rtain  parts  of  (ho  cerebral  i-nrtux 
but  also  iu  other  places,  fall  far  short  of  the  bulk  neccs^ry  to  fill  the  entire 
(Space. 

What  the  Kenelic  relfltionabi])  is  that  exists  between  the  petieuUim  of  the 
invertebrjilp  initii(clion  or  the  (loljfi   notwnrk  of  the  vertebrale  ncr\'e  tissue — , 
if  itkcU-('d  it  Ijfi  a  iiervods  jttrufture— and  the  nerve  celln  is  still  quite  unknown.^ 
Kvtm   if  tht'  iierii'fUulHr  nulirtirk  takes  it«  origin  from  the  nerve  cella   and   ia 
thtreforv   to  bu    rvKunletl   as   a    dt- 
rivutive   uf   such    a    airueture,    the 
elasRieal    definitidn    nf    tlin    natiron 
thearji  maken  no  provision  or  quali- 
ficHtion  for  hik-K  an  addilinnal  t-Ic- 
merit.     Moreover,  tlelhi-  ami  ntbi-rs 
have  niade  ob»frvali<>i)»  uliirh  pur- 
ptirt  to  show  tbnt    the  ner\'c  fibers 
are  nm  produced  ai^  iiut|rr<iwlli«  of 
ill*'    nerve   trrlls   but    fire  laid    down 
sepji nitel.Y    b,v   other   erlU.     If    this 
be  true,  the  m-uron    thoirj.-   cannot 

be  luaiiitaiucd   in  auy   form,     llut  '*        ^. 

since  much  rcmaiui;  .vet  to  be 
cicnretl  up  in  rmnrd  to  ibis  ques- 
tion, and  aince  different  factti  of  ex- 
[•eriiticiitNl  iihyjtiolopy  which  Fictile 
has  advaoced  in  )iu|)]iorl  of  h\* 
view  (ef.  paiee  57.1)  re«n.v  H<lniit 
of  anc^lluT  iheort'tiejit  construction. 
the  idijwtiou  hwt  ur^ied  oKainst  the 
neuri-'u  the«iry  can  scarcely  yet  bo 
actreptcd  bb  conclusive. 

At  present  we  may  view  the 
Rlructupc  of  the  nervous  system 
Bomewhat  a*  follows:  The  nerve 
cells  pive  off  several  proce-i*s.  one 

or  more  of  which  lioconie  the  axis  cylindoM  of  nerve  fiheni.  Tlicsc  consist  of 
fine  fibrils  which  purHuc  a  separale  and  nnconnwlwl  course  in  the  nerve  fiber, 
ofteriliniPti  itenetrale  the  ner\e  i-el!  iind  there — in  (be  invertcHjralci*.  but  not  in 
the  rertehrales — form  a  real  network.  Thcst-  fibril.-*  ana«tonii>*e  frtrly  outaide 
the  nerve  ccll.-i.  and  al*n  within  the  cells  in  the  invcrlrtmites,  and  thua  counti- 
tute  D  possible  path  for  the  trans uiis«ion  of  stimuli  from  one  cell  to  the  other. 
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It  mmt  bo  obsorvrd.  howt-vor.  in  thi«  conncetion.  that  onr  knowledgp  con- 
iiTig  lliu  tiiiest  st riii-lun-  of  llip  nHrvrniR  s.vRtfin,  p.<ipeciatl.v  in  the  vcrtebrawa^j 
■tiU  too  meaKer  to  admit  of  ao^'  uui;  tsutiDfactory  ur  conclusive  view. 


§2.    THE    STRUCTURE   OF  THE   SPINAL   CORD' 

A  nross  st-ctinii  nf  the  rtpiiifll  i-oni   iFiw.  2S4)  hIk'Ws  llii-  t'l'iitral  i/rafj   mil 

with  its  contained  iicn-o  wlU.  iind  ^urruuiiiJin^  ir   tlio  irhite  tnnltrr  mndp  up 

of  Denra  fibcni.     The  mitcrior  lotigjiiCudinnl  or  mediiin  fisAurc  (a)  and  the  pod- 


\     1 


t    h 


y 


c^A 


r 


Vj7 


..^i. 


;X 


FiO'  354. — .Sf-mldiacmmmalic  iKclion  uf  llic  epiiial  curd,  aflirr  Erb.  n,  Mitcrior  liwurc:  h,  prw^J 
U-rinr  H-pliiiii;r,  nnli-tiiiT  ciiluiiLti ;  if,  liLtirmI  cohinui;*:,  (HisliTinr  coliinm^/,  fiinicuhiH  ffrtr-ilujl 
y,  funiculus  cuiit^uUifi ;  h,  anterior  root:  i',  puelorlur  root:  k.  central  cfiuial;  f,  milcit-t  inii-r-l 
■unliun  punlrrtof ;  »n,  cvllaiif  the  anlrnnr  lii»rn;  ri,  i-fJI"  nf  Ihc  jmatiTinr  linrn;  o,  IklaTiiI  lH>m;j 
p,  pr<>ce»ua  reticularis;  q,  Bsterinr  coinmiwuiv:  r,  p^micriur  i-umuiuKurr ;  a,  Cluk'e  coluian. 

terior  tDcdiati  septum  (fc)  divide  the  cord  intu  two  syrairn^l ricral  hnlroA,  con- 
nected by  two  o<)ramiRsiireft  (i/.  r),  th*  anterior  white  «nd  the  ponlcriur  g-riiy 
cumrnis^tin-i*. 

Thn  priiy  matter,  pierced  in  the  middle  by  the  central  canal  (fc).  Km*  in 
jfemTtil  \\\i-  Ai>|)t'iirMiici>  of  ihu  cupilal  letter  H,  but  vnriea  twrnewlint  in  furni, 
at  diffrrrnl  leri'ln.  Tlip  root,'*  f>f  th^  nrrvi^  eiilc-r  eaeh  liolf  of  the  enrtl  in  M>pu- 
rnte  bundL'S.  the  iumteriur  and  the  niilerior  HjiiiiHl  nerve  riii)t>'.  Tlw^t-  divide 
the  white  matter  inti>  tlirci-  iimin  porti'Di!^:  (11  tht  luiterior  column  lyiim  tx-'tweon 
(lie  anterior  loiiffitiidinai  fisRure  itiid  the  untorior  nerve  root:  (2)  ihi-  liileral 
column  lyiiijr  between  thr  anterior  and  postfrior  nerve  rontu;  (.1)  the  posterior 
column  lyinp  hetwecn  the  poRterior  iirrve  root  and  tbc  posterior  median  septtun. ' 

'  After  I'xlin|t[er'H  "Vorlesutinen  iibi^rden  Bau  der  \erWl«eii  Zeatralorftone,"  itevtmU) 
edition.  l,oipaie,  F.  W.  C  Vo^el,  IfflM.  Since  the  mnre  nf-rmt  viewn,  an  wet  Torth  in 
thp  pnntKTHphs  above,  on  the  ntrijcture  of  llie  i)cr\'DU»  Byvtem  lire  otill  inirnHtuiv,  and 
fjill  Hbciri  oT  n  rompreheiiMve  expoeitioii  of  the  strictiirp  of  (he  Hpiiuil  corxi,  in  lli«"  aeeount 
here  »nd  in  thiit  which  follows  we  shall  iimki;  xmk  «f  tJie  nnMlomii-al  faet*  thii*  far  «stub- 
hi^hed  willioiit  further  refercnee  to  the  relation  and  cotmectioo  -which  may  cxint  Ixtween 
the  individual  celU  and  fibers. 
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The  gray  mottor  on  lach  side  of  tho  curd  i*  divided  into  (in  antorinr  and  a 
povt^riur  liiirii.  In  t\w  lowi^r  cHTvica]  iiiid  in  iht*  upper  tlii>rat.-ic  reKinmt  of  the 
curd,  as  wi-IL  tis  in  thu  lumbar  reKi^Jii.  i)k'  liilvral  portiou  vi  the  antvrior  burn 
E>i'<?umeH  |>artl.v  >K'])Hrnl<.H)  off  iik  h  liitcnil  iHirti  (o). 

AuHJiik*  rhi'  tifrre  celts  of  ihc  grtty  matter  we  di!*iinKiii«ti:  (1)  Tlic  wlU 
HrruiiK<''l  ■»  K'^'iip''  ''■  '^*'  &"l<'ri<>r  liorii ;  (2)  thf^  f4-lls  <if  ihi-  aii-pmIIiiI  i-i>liimti 
fif  Olarkf  (jr)  nituJitfd  iit  tlif  rnudiau  «ide  belweicn  the  amerior  and  pusterior 
Juiriis,  and  exteiidinK  from  the  vnd  of  ibe  twrvieal  eulnrKt-mcul  tu  tlie  bcviniiinir 
of  the  luinlmr  eunl;  i'S)  the  ci-lU  uf  iht;  substantia  KelntirioHH  Knlandi  CApping* 
the  posterior  horn;  (4)  the  rest  of  the  cells  in  the  pflstt'rior  horn. 

Thf  tibets  of  the  anterior  nerve  rooln  arc  the  axis-eylindcr  prot-eftsca  of  the 
cells  in  the  niiterior  horn  of  the  oHino  siile,  nr,  \v»»  freiiuentl.v,  of  the  opjwrtite 
«ide.  the  lutter  lilx-m  croH^in^  via  the  ntiterior  c<ininiiM(uri>  Itefore  they  gain  the 
anterior  root.  The  celU  of  the  poHterior  h"r»  on  ihe  eonlrary  do  not  eoiinect 
ditwily  with  iibcrs  vf  tlie  i»osleriur  rout,  siini-  the  laller  have  their  orJifin  in 
till'  eelU  of  iht^  Mpiiiul  Ki>i>vli)i> 

Thew  cfUjf  of  ihc  sjiintil  ganglia,  for  the  moal  port,  ore  unipolar — i.  e,  they 
havo  but  one  proeewi  which,  h<iucver,  after  a  itbort  counw,  ttpliU  into  two 
bninehe».  One  of  the  two  prixii-eiU  towani  i1ki> 
periphery  and  joins  the  anterior  nerve  root  in 
A  mixed  nervu  Iruiik;  ihe  iMher  enters  the  e<inl 
by  the  jwwtterior  nerve  rviot.  Pniorienlly  all  of 
the  fillers  whii-b  enter  tlit-  ctird  divide  into  an 
AKueudiniE  uiid  a  di-»cendinK  braneh.  both  of 
whieh  iiive  ufl  eollnterals  and  sooner  or  later 
end  like  the  ci>llatcral»  about  the  eelU  of  the 
gray  matter  of  the  cord.  The  pt'ripheral  nervo 
fiben.  therefore,  have  their  origin  either  in  the 
cells  of  the  unierior  hum  or  iu  the  celits  of  the 
Kpinal  ennirlia. 

The  nerve  fibeffl  from  the  anterior  horn 
eelU  lire  all  ^ffttrent  in  funetion,  and  the  nerve 
iiWrs  urininfc  from  the  «'IU  in  the  spiuHl  ttrnx- 
liliu  urL'  maiul.v  ufferrut  iilH'rs, 

With  retrard  lo  the  further  connection  <>f 
the  two  kinds  of  fiherx  we  diHttngalsh:  (Da 
wvondai^-  efTentol  path;  (2)  n  wvondnry  affer- 
ent piith;  and  i'-i)  the  paths  by  which  afferent 
l>a»w  over  into  effenMiI  impulwf*. 

Those  trnets  which  oonuivl  iho  nerve  oella 
of  the  anterior  horn  wilh  tlw  hiiiher  cenlcrtt 
We  desiffnnte  a»  srcontlitrj/  ffffrenl  iiitlhn,  Tliey 
:in'  the  pii(hs  by  whieh  iinpnlj^'w  lilierated  in  the 
11-lls  uf  the  hiiiher  eemen*  iire  eonveyed  to  the 
motor  cells  of  the  anterior  honi. 

The  fibers  entfriii(r  the  cord  from  the  spinal 
Ranp-lia  are   br^iURht   into  relati.m   wilh   the  cellH  of  the  posterinr  bom   whose 
nxis-eyliiiider  i>p(H'e)u*eB  constitute  the  xfctmiliirii  afferrat   paths.     It  i*  by  lhe«e 
piilhit   tlint   impiiUea  nre  trannmitled  to   the  hiirher  eeiitem. 

The  Irnui'itloii  fmm  afferent  to  efferent  pallic  may  occur  in  several  way*. 
The  dinipleal  instance  is  when  an  afferent  nerve  fiber  or  one  of  ilii  collateral* 
connect*  riirectly  wilh  the  motor  cell  of  an  efferent  nerve  fiber  or  with  some  of 
it«  procesaes  by  means  of  fibriln. 


Pta  asa.— finhcBio.  afttr  KAUikir 
■nil  I jvnhoH^k.  .1 .  motor  ccIIb 
«-iUi  root  Ab«ni;  H,  Hptnal  Kumlion 
cell  wilh  iiB  pro«w*w;  C,  »  »n- 
atiry  iiitliitrrni :  D,  nthitim  i-rll  with 
T-«lui|<nl  bnturliinft  yntc»amm;£, 
coQ»lrnila  of  Ihc  MOOr. 
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this  iiicwasf  of  tniuis  wmilil  be  of  no  lisn  if  the  luiilit  nf  iiti^crtion  of  Uinw  nu»- 

olea  were  uut  fixt-d.  hfiitf  iberv  must  be-  aho  mi  iiiL-rcust  in    the  Uiuue  I'f  ibr 

trnnk  niiiHclefl  on   tiie  uppoMito  side.     Tlitt  uen>licllifii]  4>xcTciMt^    tills    n.'fulaluii! 

rinfluL-ncv  by  iin.'Uii»   of  tin.-   variom*  put.!iw».v»  prww-diuK  from    it    to    tlw  motor 

Fnuck'i  ill  the  Hpinul  vu-td  tmi!  Ui  tin;  uiolcr  wrlfx  in  the  t;L'n:bruiu  (cf,  Fij*.  £71). 

It  J8  Hkely  that  tlie  compcnxation  whicli  gradually  a|>pean*  after  extciuiir 
injury  lo  llie  ccrfhclhini  is   llic  wurk  of  llii'  temUruiti.  particularlv  uf  ll» 
jinotor  ruj^iyiis  (cf.  (.'hajjltr  XXlVj.    The  ft»llowiug  wbservatious  by  Ludtni 
ik  for  sucli  an  cxplnnation : 

Three  uiKrratiuiis  yntrv  iwrfontiud  on  tb^.'  »iime  Joy:  ilt  llie  first  lh«  pg^** 
half  of  the  cerebellum  wa«  reniowd ;  in  the  sevauO  the  mulor  tvgiouis  of  the  cor- 
tex wiTfc  dt')itru,yt.'ii  ill  both  wn-bnil  hunii«ph(;rt.'» ;  and  in  the  tliird  the  rcmaiudtrr 
of  tilt!  rrrtflH^liim  wait  lukni  iitvay.  Tb'  jiiiimii]  renifiiiiixl  alivv  fur  eleven  montbi 
aflL-r  ihi-  [iperntiun  tiiid  was  iben  killii).  During  thi'-se  eleven  ruoitth:^  he  could 
neilhrr  holil  hiniM-lf  up  nor  wnlk  without  support.  In  none  of  Ihu  aiiinu)» 
obterved  by  Lui;iaiii  in  wlut-li  llii.-  (.•Lrebi.-IIuin  iilont'  w»h  destroyed,  did  aiiyihinx 
like  this  ocfur.  The  differt-nee  wuir  due,  as  Lueiuui  obsun-es.  nut  to  the  men 
cxtirimiiuii  of  the  eenbrul  cortex,  for  tliii^  (ip^rulioii  of  ite^•lf  pruHueca  onljr 
tranrtitory  pymiitomH.  It  npiiears  radti^r  lliat  dextruRlioil  of  lll«  motor  oortfl 
n--n]oved  just  thost'  condiliuiiti  which  inndc  it  possible  fnr  (he  animal  mtbout  a 
e«Tebel]uni  tn  find  the  necesHary  comjK-nsatoiy  movements.  It  ia  e«i>eeinll.* 
wortliy  of  remark  thiil  HwiiiiininK  cti(.'veinfiit-s,  wbiib  di>  not  n^^]utnr  to  be  eo'lrdi- 
natcd  so  finely  as  walking  muvements,  could  hu  perforrniil  by  this  luiimid  per- 
feetly  well. 

The  motor  ■distil rhnnces  which  appear  tmineiluiUhf  nftcr  the  oprratitm  on 
the  wrebelluni.  Iht'  pwluiieleH,  or  the  ptm«  are  [larlieiilarlv  spvert'  and  shnald 
be  given  sjtecial  iui.'iitioii.  Tin?  auinial  !«>metitu<i*  get«  into  certain  attitudes 
called  forced  pfmtion.it,  which  it  <*eemB  unable  lo  yel  out  at.  returning  inevita- 
blj  ti)  the  same  jiosture  every  lime  it  i»  conipelifd  to  lake  anotht-r ;  or  it 
performs  whnt  nro  cnllod  frtrrrd  tixwempnh.  mlling;  over  and  over  around  the 
long  axis  nf  ihe  IkkIj,  or  ruiniiii^r  aruuiul  in  a  oirelc  like  a  cireuK  auimal,  or 
dcscribiriB  craiiklikL*  niovenienl*  aroiuid  its  antorior  end  as  a  pivot — in  nil 
of  these  iHjing  qiiiti'  iinnhle  lo  prevent  (he  mnveincnt,  or.  to  put  it  difForcnilr. 
apparently  striving  all  the  while  for  a  state  of  L'<juilibriuiu  whicli  it  i,s  unahle 
to  find. 

The  motor  dii^lurbanccs  appearing  after  umlalemi  extirpation  of  th*^  cei*^ 
bclluni  at  llieir  iwriod  of  greatest  inteosity  are:  agitation,  restlessness,  ofltimm 
whining  or  ^'ro«Tiing.  eurvalure  nf  the  spine  with  t-imaivity  toward  the  oper- 
ad'd  j^ide.  accompanied  by  tonic  exleneiim  of  the  anterior  cxlremiiy  of  the 
name  wide  and  spasmodie  iimvenients  of  the  Ihres  other  extremities;  snini 
rotaliou  of  the  head  and  (icck  Inward  llie  sound  nidp  ntTOni|>finip«l  hr  strabU- 
miis  and  nystagmus  of  one  eide.  and  often  by  deviation  of  the  eye  on  the 
opernteif  side  inward  and  dnwnward,  of  the  oilier  eye  outward  and  up- 
ward ;  a  rendenev  to  roll  over  about  (he  long  axis  of  tlip  Imrly  in  the  (lir€«ctjrtii 
of  the  twiKting  and  f>f  the  strabismus — i.e.,  as  seen  fmm  Ihe  baek  of  the 
animal,  friini  llie  !*ound  tow.ird  the  injured  !»ide. 

Whether  Ihctte  phenoineiiii  are  caused  by  the  cxwiwive  irritation  on   the 
cut  side,  or  by  the  predominance  of  the  sound  side  over  the  injured  one. 
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The  jtray  maltvr  on  «*ncb  «ide  of  tW  cord  U  liivideU  into  iiii  unterior  and  a 
posterior  horn.  In  lliR  lower  cerricat  and  in  llic  upper  thuraeic  rvtriciis  uf  thv 
cord,  a»  wo]l  an  in  ilic  liiinbur  niriori,  thv  liiu-rul  portitin  of  the  onlfrittr  bom 
bpoomrB  (mrily  separntcd  off  n^  n  Intcrnl  hum  («). 

Anions  ihe  nrn-f  ffif.a  of  llii.-  gray  iiiuUer  we  di-stiu^ui^h:  (1)  The  wll!* 
arrnuKi"!  in  smupH  in  iIk*  anterior  horn;  i'l}  Ihc  (.-vlls  of  Ihe  »o-cull«I  column 
of  C'lurke  («)  niiuutcd  at  thu-  nicdiuti  »'h\v  Iwttwwu  thi*  aiiti-rior  and  (Hit-u-riur 
horiiH,  ati<l  extending  fmrii  tin-  I'lid  of  thi-  cervical  ddnrfiomcnt  to  ibe  bcfcinii inir 
of  tliL'  lumbur  cord;  (3)  tbe  cells  of  the  HulMlantiu  ^latiniMii  Rolandi  capping 
the  pofltcrior  horn;  (4)  the  rest  nf  tlie  t-elU  in  the  ptMterior  ht*m. 

The  iibers  of  thu  aaterior  nurve  ntou  ar^*  the  axis-cylindi^r  prucessea  of  the 
oelU  in  ihe  anleritir  horn  of  the  natne  nidc.  or.  Ii^-fs  frequently,  of  Ihe  opposite 
side,  llie  Utter  fibers  erassintt  via  the  anterior  w>tnniinhiirc  iM-fore  they  gaiu  thu 
anteriur  rcmt.  The  cells  of  ttie  iMwterior  Iiorn  nn  the  eontrnr>-  do  not  connect 
direelly  with  filM-ra  of  the  ponterior  rtiol.  sinrL>  tho  hitter  have  lh«rir  origin  in 
tbc  L'ella  of  the  Hpinal  }fan^lia. 

These  cell*  of  the  apiual  ffatiQlia,  for  ihe  iiiintt  part,  are  unipolar — i.  c  they 
hiive  but  one  pruL'eis!)  which,  huwever,  utter  a  short  course,  splits  juto  two 
brnnchee.  One  of  the  two  proeeedn  toward  the- 
periphery  and  joins*  tho  anterior  nerve  mot  in 
a  mixed  nerve  trunk;  the  other  enters  the  cord 
by  the  pintlerior  nerve  mot.  Prai-tiiiiUy  ull  of 
the  fibers  whif^h  enter  the  curd  diviile  into  an 
Bitcendiijur  and  a  deHcendinu  brniieh,  Ik>c1)  of 
which  give  off  nolltiteraU,  and  HCHmer  or  hiter 
end  like  the  collateral  about  the  celU  of  the 
Kray  matter  of  the  cord.  The  peripheral  nerve 
fibers.  then!fc)re,  have  their  origin  eilhL'r  iu  thu 
cells  of  ilie  anterior  huru  or  iu  the  cells  of  the 
a])i»ul  ifiiiiiRlia. 

The  nerve  fibert  from  the  anterior  honi 
cells  are  all  fffrrtnl  in  fuiietion,  and  the  nerve 
fibers  uriaiiiA  fr>ni  the  iHfUa  in  ilie  Hpinal  itan- 
glia  are  mainly  affrrf-ni  fiber*. 

With  re^rard  to  the  further  connection  of 
the  two  kindff  nf  tiherr'  wt<  diKlin^ruish :  (1)  a 
Beconrlary  efferent  path;  (:!)  u  !*e^'ondar>'  affer- 
ent path;  and  (:i)  the  pathit  by  which  affcn-nl 
paM  over  into  effer^-nt  tmptdM-:4. 

Tliose  traetM  wldeh  eiuinci-l   the   nerve  cells 
the   anterior   horn    with    the   hitrher  eeiiler* 
Fc  desicnnlc  a»t  smmtittrti  rffrrriil  imlhs.     They 
the  pjilliH  by  which  imiiulMi-s  Hheratnl  in  the 
lis  of  ihe  hifflier  center*  are  conveyed  to  the 
^tor  cells  of  Oto  anterior  horn. 

tiJK'n*  enteriiiK  the  fonl  from  lh*T  Hpinal 
lia  are  broutcht    into  relation  wilh  the  i-elU  of  the  posterior  horn  vhone 
cylinder  pr*ie<-ti«'8  constitute  the  grrondiirtf  aff^rrnf  pallt».     It   ik  by   these 
that  impnlses  are  frnnsniilted  to  the  hiifher  centerH. 

te  tran^iliiin   from  nffi-rent   to  efferent   pnthfl  may   occur  in  wvernl  ways. 
impleet  inHtance  is  when  an  afferent   nerve  fiber  or  one  of  itA  eollat^rala 
tB  directly  with  the  motor  cell  of  an  efferent  nerve  fiber  or  with  some  of 
'•esflce  by  meanii  of  fibrila. 


/ . 
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Flo.  2SA~-8dMNiw,  miter  KfiLUkvr 
■ml  IjmHtamik.  A,  tuohir  cwIIji 
wilb  nut  filMTn;  R.  apintU  |[*n|;lHni 
fcU  with  Iu  prMwam;  C,  r  nm- 
W>ry  (ioll»tf>raJ  -  />,  rolunin  p«JI  ivlth 
T-«hBpcit  bnuicbinc  prnenwM;  K, 
m)Uat«««la  of  ttw  moi*. 
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Besides,  it  is  very  probable  that  the  optic-nerve  fibers  entering  the  antertni 
corpora  quadrigemiua  play  a  considerable  part  in  the  refiea:  excitation  of  tbt 
nuclei  of  the  eye  muscles  located  along  the  floor  of  the  aqueduct  of  Sylvim 
The  fact  that  in  the  monkey,  at  least,  these  fibers  end  in  large  numbers  nnder 
and  about  the  aqueduct,  and  the  results  of  electrical  stimulation  both  favor 
this  view.  By  stimulating  the  anterior  body  of  the  dog,  Adamuk  (Ataincd 
the  following  movements  of  the  eyes:  stimulating  on  the  right  side  of  odp 
body,  movement  of  both  eyes  to  the  left;  stimulating  in  the  midline,  paralM 
movement  of  both  eyes  directly  upward ;  stimulating  the  posterior  side,  simul- 
taneous movements  doniiward  and  inward.  Movements  of  the  iris  were  a\i^ 
observed.  After  a  sagittal  section  in  the  median  plane,  only  the  eye  on  Ibo 
same  side  was  moved.  Fcrrier  has  made  observations  similar  to  these  on 
the  monkey. 

Some  clinical  observations  indicate  that  the  posterior  corpora  quadrigcmina 
are  concerned  in  the  propagation  of  auditory  impressions,  the  hearing  in  the 
opposite  car  being  affected  in  cases  where  this  part  is  diseased.  Bechterev 
and  Flcchsig  assert,  in  agreement  with  this  view,  that  the  ganglion  of  tlie 
posterior  ImxIv  receives  fibers  by  way  of  the  lateral  fillet,  from  the  cochliar 
nerve,  and  v.  Monakow  has  shown  that  the  internal  geniculate  body  is  abun- 
dantly connected  with  the  posterior  quadrigcminal  body  and  sends  fibers  to  the 
cortex  of  the  temporal  lobe.  The  statements  that  stimulation  of  the  posterior 
[)0(ly  in  (logs  and  iiionkevs  evokes  a  cry  from  tbe  animal,  and  that  production 
of  voice  is  stopped  by  section  of  that  body,  lend  some  weight  also. 

B.  THE  CRURA  CEREBRI 

The  crura  cerebri,  or  more  correctly  the  gray  matter  which  forms  the  wall 
of  the  aqueduct  of  Sylvius,  is  of  special  interest  mainly  because  the  nuclei 
of  the  oculo  inoior  and  trochlear  nerves  are  found  there. 

Tin.  27:i  n']i resents  in  a  frontal  section  the  nuclei  of  (hf  oculo  motor  as  inailc 
out  Ity  Meriiheinier.  It  is  evident  that  this  iiiicleua  consists  of  wvcral  part*, 
namely,  a  Inlenil  chief  nucleus,  a  iiifdian  nuclt'us  with  small  cells  (A'r  J/)  and 
an  uiiimir<'<i  median  nucleus  with  lur(ie  cells  ((ir  ,Vt).  It  is  evident  from  i!ii 
fit^ure  also  that  the  ner\-e  roots  connected  with  (lie  nucleus  are  in  part   crosstii. 

By  Ruce^'ssive  and  eoinpleti'  n-moval  of  tho  <'Xtrinsie  and  iutrinsie  eye  mus- 
cles inncrvati-d  hy  the  oculo  motor,  ami  by  n  study  of  the  rcsultinp  chanires  in 
the  nucleus,  Bernheimer  has  reached  the  following  onchisions  with  n'gartl  to 
the  function  of  its  different  parts  (Fig.  27:1):  The  extrinsic  muscles  nrt-  inniT- 
vatc<i  by  the  Intcral  chief  nucleus,  but  its  cells  are  not  prouped  into  sharply 
divided  individual  nuclei.  The  small -eel  li-d  median  nuclei  (A'e  3/.  Fiff. 
■212)  siipiily  tlie  intrinsic  muscles  nf  ihc  lioniolaleral  eye.  and  the  lar^(x*elteil 
median  nucleus  ((/r  Mk%  Y'lfi,  '2'ii)  belongs  to  the  intrinsic  muscles  of  buth 
eyes. 

V.  ^Innakow  lias  made  iconic  clinical  olisi-rvations  as  to  the  relntrons  nf 
these  parH  in  man.  Imf  at  picsent  tlie  only  conclusinns  that  ran  Im>  drawn 
are  thai  l!ic  inlrin-ic  muscles  (ciliary  muscle  and  the  uiu.'JcIos  of  the  iris) 
are  represented  in  the  cxtn'inc  anterior  end  of  the  nucleus,  and  the  extrinsic 
muscle-:  in  the  remaining  divisions. 


Via.  273— FVoald  wollon  Ihimtgh  ih/t  nnlimii  qtuulricctniiiftJ  ImkIv  iil  a  32-04  vrcdu*  tmtnmii 
(inim,  »H*r  Bmillrinu-r  Th«>  wrtiun  pMW  ilwimli  it'<-  Utvml  ohivf  ii«N.-lni«,  ilif  ntnall- 
tMed  mmlial  nurlru*  (A'r.U).  IIm-  lar^t^fdlMl  BUwUm)  nurlnu  |i;r..UK),  llir  rKlra-nurlror 
couiveuf  ilip  tiinlia)  and  lairnil  Rbrn  {I'-it  F.mn^  f-'f-l')  of  itu*  iliinJiienv,  mmI  tlio  lul  bit 
of  till'  rstrn-tiudpu'  nninM>  o(  Ihr  tTunnl  Utml  fibi^ra  (OJ*^.  QOF,  tnuunen*  (MrUoita  of 
mmni  fib«n  uinng  frMiii  bHiiad  bimI  abow. 
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point  !*omewhat  farther  tiark  gsve  contraction  of  tlw  pupil  (of.  Fijr.  230), 
Stimulation  at  \\w  anterior  bonier  of  llie  a(|UtHluct  of  Sylvius  gavo  eoulrmc1i»in 
of  thf  ititt'rniil  rtTliis.  and  :<tiiiiuliLlioti  tioiricwhiii  ffinlKT  bAt-k  guvc  in  a!ni) 
oniiT  [■ojilnii'lion  of  Ihe  su|»prior  rpctiis,  levator  paipcbra*  fin|>friorip,  infrnnr 
rectus.  iHn]  llnally  "f  the  inferior  oljliijut-.  Whfn  tht>  stimulus'  was  applifl 
to  tlie  lateral  surface  or  the  deeper  part-*  of  the  corpora  quailrif;r(>inina,  or  to 
th<>  cut  mirfnoe  of  the  traiiHverKe  t«eL'tiun  In  the  optic  thulainus.  the  papil 
became  dilated. 

IJcrnht/inier  employed  a  similar  met!K«1  on  monkovif.     The  two  halrei  nf 
thv  nciilo  iiiutor  nucleus;  were  R>purHti.Hl  by  a  iiu'iliuu  ^a^'iltal  t^ection  and  weak 

i-leetrieal  stimuli    werv  appli 
at  diirerenl  |)oints.    The 
tti-re     li'olated     niovonieuU 
til.-  dilTcrent  eye  muscle.*  ino* 
vated  from  the  side  iiitiraulati^ 
aiul  contractioa  of  the  pupil  on 
Aa    >\        ill;       /  T—^f     (lie  side  sliniiilattxl.      The  Ut- 

ter   elfecl    was    obtaiiml    nalji 
fi»*?\i/      X]/         W^^\     I     when  the  Jiiniulus  wa*  applied 

t^onietvliat  internal  to  the  roe- 
diini  cut  surfac'L*  below-  the 
Hijiiciliiit  and  in  the  anterior 
third  uf  the  reg^ion  oorupted 
by  the  anterior  qiiadhgt-minil 
body— i.  e.,  in  the  region  of  ilw 
*  \   .  Jr   If.'  "iiuilt-'flled      iiirtlian     nuclew 

(A>  .1/.  Fig.  2;->). 
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FlO.  273, — Sclirrnafir  n-|irr!i^ntalinn  of  llii-  iiiiil."ii«  nf 
oculo  mulor  n*rv«-d.  uIut  BcniliwmiT,  Tlir  rrrt  linm 
indiratr  tli>>  illrivf.  iiixl  ihi-  blwk  lli»-  itii^hi-iI  niot 
fibrn.  B.M.,  imniiHur  mtiorlnt  ol  the  i-ye;  l.ni., 
Ii>vutitr  paliifbrn-  *up  .  fir  .  tupwiwr  rccttu;  A.inf., 
intrrnni  rr-rliu;  fihl.iiyf.,  Infi-riuf  ublii)UIu;  R.inf., 
iiift-Tiur  recliwt;  7*r.. sfiipi-riuroblique. 


tuoveiuents  oease  whtu 
ssfiittul  stection. 


Special  ubservatioua  as  to  tl^H 
-^  coniiei-t ions  t;f  the  two  sides  M     ' 
^    the  uL'ulo  motor  nucleus  aJfut 
sojTH'  trrcunds  for  believing  \l 
iliL-  nuclei  of  the  twu  «phinct( 
(pugjil   and   accMmraodaiion) 
well   aa  the  nuclei  of   those  cJ 
iriii^ic  mu'^-lcM  which  lake  |it 
in  synergic   mnvemcnu  i»f   || 
eyw.  arc  uniti-d.     The  latter 
fihnwn  by  tlie  fnct   that  syiwt 
the  iiDired  iiucktir  region  is  split  in  two  by  a  me^lii 


Complete  division  of  the  brain  at  the  antcrinr  end  of  the  midbrain  pr 
duces  B  remarkable  stale  of  inertness  in  Iht'  muscles,  which  is  de-KTibed 
Sherrington  under  the  name  of  accnbral  rigidity.  It  is  recognized  by  tl 
fact  thai  certain  intirfcles  heoome  stiff;  the  etixiw*  and  knee*,  for  evamplr 
are  rigidly  i-xirndcrl.  (he  tail  i^  inllcxihU-.  etc.  ThiJ'  contlition  appi*arfi  to  \ 
due  to  tlie  inlliience  of  llie  afTcrent  nervps  frnni  (he  regioni"  Hffwted.  for  tl 
stiffness  in  the  arm  muscles,  for  example,  entirely  dii^ppcare  after  soctic 
of  the  posterior  roots  for  the  arm. 
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HefipT  dtimulalum  oT  ni\  animnl  in  thi?  condition  produces  certain  coiir- 
dinatiii  movcitietiU  vrliich  an-  unmistakald}'  rplalcd  lo  the  niovemenls  of  loco- 
in'Jlion.  For  fxatiijik'.  llic  Irft  aiilcrior  iiiul  thf  rijrhl  (HWti-rior  exiretiiiti*-* 
bertJiiie  lliatil.  while  the  right  imlyrior  ajid  tlie  k*ft  jmsti-rior  iirc  cxtendtHl 
at  Ihe  i^aiiie  time,  and  vice  vorso.  Not  infrc«iUfnlly  thejio  retlexe^  alternate, 
bejjinning  rejjiilnrly  with  Hcxion  of  the  extn-mity  dirwtly  stirmilalcd,  At 
the  Hame  time  the  head  unt]  neck  are  Iwisted  towun]  the  stinnilnti'il  fside;  the 
mnnlh  is  opettiKl,  the  lips  and  the  tongue  are  retrat'ted.  the  eyulids  opeiu-d.  the 
pupil  is  dilalPil ;  the  animal  iittcrii  orie.*  or  groans,  etc.  These  rcdctions.  which 
when  the  wrrvhrum  rs  intact  usually  accompany  painful  sensatiotifi.  itotiictimm 
a])[]«ar  stingly.  sometimes  in  certain  combinations. 

Kitridil.v  uf  thf  triH-t>)'  inu^^t'lc  cutt  Ix-  iiiU'miittt.'d  b.y  stimulation  of  the  while 
malter  iH'tM-fpn  the  niilrrior  ntid  the  latpral  ciilumnK  or  b.v  slirnulnlion  of  c«r- 
loin  [K-ri|ilioral  ncrres  of  the  iMi#tcritir  extremity.  The  effect  is  felt  chiefly  on 
the  h(jmo]at«ral  aide,  but  to  a  leMi  extent  on  tlie  betercilutc>ral  side  aUo. 


%  5.    THE   DIENCEPHALON   OR   'TWEENBRAIN 

Ttif  many  cnnnii'tionH  of  the  'twfi'nbniin  with  thi-  gray  maltcr  of  the 
cerehjuin  i>ii  the  tme  hand  ainl  with  t!iv  iilfert'iit  m-rvi'  tracts  on  the  oilier 
speak  in  mmX  eloquent  terms  for  the  great  phviiiotogieal  importance  of  thta 
division  of  the  bruin.  In  fact,  all  llie  tracts  in  which  we  tilmuld  ctpcet  to 
find  prolongation*  of  the  posterior  root  libers  (the  main  part  of  thp  fillet 
layer,  the  superior  peduncle  of  the  wn^lK'Uum,  the  longitudinal  buiidte  r)f 
the  fonuatio  reticularis),  and  the  fillers  of  the  optie  tract — all  enter  the 
'tweenbraln.  from  which  in  turn  they  »re  continniij  to  the  (vrehral  cortes. 
The  latter  also  send.?  out  fibers  lo  the  'tweenbraio,  from  which  further  efferent 
tracts  H re  given  off  ( l-'twhsig). 

It  tft  possible  that  the  external  eeniculate  bodj^  {9  the  point  of  origin  of  the 
rffcn^nt  optic  fibcni^  and  thiit  the  rellcxM  diiicharircd  by  optic  stimnli  are  here 
carrictl  over  to  them. 

The  experimental  and  elinienl  ohservntiona  00  the  'tweenbrain  are  not  of 
aach  a  kind  n*'  lo  give  us  even  a  crude  notion  of  its  actual  phyiological  pur- 
po«e  in  the  normal  hrain.  We  can  only  wiy  that  it  appears  from  ctinicnl 
observations  and  from  the  anatomieni  facts  that  the  differctit  nuclei  in  this 
portion  of  the  brain  hare  dilTereiil  functions,  and  that  a»  a  result  we  !mve 
here  n  fairly  sharp  localization  of  dilTerenl  patlw  and  their  connections. 
Hence  when  the  optic  llialarnus  contains  a  sharply  eireumscril»e<l  Ii-sinn,  cvr- 
lain  afferent  iniputpcs  are  wanting,  and  for  thU  reason,  as  T.  Sfonakom-  nb- 
aervcR.  many  complicated  movemenl.i  are  deficient :  many  others  are  ahnormallT 
performed,  certain  eomponent?  being  overs! imulaled.  certain  other*  inhibited. 

On  the  other  hand  Ihe  conditionfi  appear  to  be  very  favorable  for  sub.tt.itn- 
tion  nf  fvnrtionjt  in  the  optic  thalamus,  so  that  when  lesions  are  not  too 
extensive  the  effeet.a  are  only  tcmporarr  or  may  be  entirely  wanting.  This 
U  probably  to  |je  explAine<)  in  part  by  a  hiUtj'rnl  influence  of  the  Ihalami 
in  which  the  rominissura  mollis  connecting  lh«u  togetlier  assumes  a  certain 
significance. 
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Wliile  it  U  not  poiuihlc  as  yet  to  name  the  exact  functions  of  the  »ppantt 
centers  in  tlio  corpora  r)uadrigoininfl,  the  nptic  thaJiimi  an<J  ryrtain  oUwf' 
part.'*  i»r  (lie  brain -cluiri,  wo  have  koihc  observations  on  dccerrhrntrd  aniiml* 
whieli  ithould  afford  lit*  some  light  sa  to  (he  funclionti  of  the  biudbrain,  'IwwD- 
broin  and  midbrain  taken  top-thLT.  What  thf  central  nervous  system  i« 
ca]»ih]e  of  without  the  ccrt'lriiiii,  coiisidfrerl  in  connection  with  llic  fnnctiaB* 
rc^^lai^inf;  iiflor  removal  of  all  iho  purrs  anrprinr  to  the  mpclu11«.  Ahould  giw 
U!>  a  general  idea  of  the  total  powLT^  of  tlit-  brain-stciu. 

The  Iowo8(  vc-rtt'brato.  A  mphioxus.  has  no  true  cneepbalon  :  iu  hrain  rHintiuls  ' 
nnly  of  n  slight  rnlHre*Tni'iit  nt  tbc  anterior  I'rid  of  the  xpinal  cord.     Anl(^riorl;< 
and  bitcrnlly  this  ctilurgvment  eniljrRc<'s  a  voiitriHe  which  is  contintiniiii  j»tv4t»" 
riorly  with  thi*  cpiilrH!  cuiihI  t»f  i\w  sjiiiml  c^oni.    This  "  brain  "  <H)iiluiiiH  inlemallT 
a  iiniiKlio'ii'^  ina>ts  and  t'xtcniall.v  n  mn^s  of  iitrvt-  filnTH.     Tho  fornjcr  ntU'iifU 
main].y  of  miihipolnr  ciclU,  whoae  tibt-rs  pnsa  over  into  xhv  fibers  of  ihe  outer  IsTcr, 
ruimliiir  h)nfri>nditinl],v  of  th>-  iniimHl. 

Steinrr  dividfKl  this  "fish"  into  tw<i  picitw.  a  head  and  a  tail  pi(>oe.  After 
Bomfr  minutf^i  both  parts  r(-sponded  to  mechnnicAl  tttimulnTioii  by  niukin^  per- 
fectl,v   n^ular  locumoior  movfim-uls,  at   the  hamc   time  ppes*>rviim   equilibriun 

jiikI    '•u'iriiiiiinK   wilb    tht-   anlerior    end    tif   tbp 

piece  forward.     They  fpU  over  on    their  hnxui 

aide  however  an  «ihhi  as  liie  mnrpmont  wasiil. 

The  animals  eould  even  be  eut    into   tliiw  or 

four  piece»,  and  under  the  eircuin8tanc*ei<  named 

enrb    part   could    ulill    make   locomotor    movf^i 

ments.     Steincr's  conclusion  is    that    the  Ixidy 

nf  Amph\oxMa  eonsislB  of  perfectly   equivak-nl 

metauiereei  and  has  in  Reneral  no  motor  t/entif. 

I)aiiih>wtiky  nhtuiiinl  retuhs  of  vera*  diffci^ 

eut  purport.    After  divittion  of  the  animal  into 

an  anterinr  and  n  piisterior  half,  be   noticed  in 

the  pieee  coiilainioK  the  bmiii  t>oca»ioDal  "  vcJ- 

untary  "  tni>vfnn.'nt»  apparently  indopendent  of 

any  external  stimulus;  while  the  posterior  half 

remained    i^rfectly    m<'tionles«.      By    artifieial 

atioiulation  movementsi  eould  be  obtained  in  the  anlerinr  half  more  eamly  ihno 

in  the  posterior.    Thf.v  riintiniied  fur  from  fiftnen  tn  thirty  seeond«  after  atimu- 

lation  and  eon:ti*ted  of  n  series  of  hendinR  and  HtrelnhinR  movrmenta. 

When  the  heail  w»is  cut  otf,  the  abovt-men tinned  ri>Uintflry  mnvt^nifTi t»  oeaMfl. 
The  animal  then  lay  for  one  to  two  days  without  spontaneously  ehanainff  it# 
pnt^ition  in  any  wise,  when  ran-  was  taken  to  remove  all  external  ntimuli.  The 
reflex  mnvementfl  to  nrtifieini  Rlimnii  were  perfeetly  normal,  but  were  not  ahun- 
dam.  and  the  irritability  of  the  headlcas  animnl  wo?  eon^derahly  less  than  that 
of  the  isolated  anterior  luilf. 

Danilewsky  roneludea  from  these  and  other  obBervationa  that  the  fii>-ea1)pd 
brnin  of  the  Amphioxus  eonlains  the  eenters  for  voluntary  molionB;  dostnielioi 
or  separation  of  these  from  the  re*I  of  the  eerebrni  nervona  eystem  results  li 
I0A8  of  mnlility,  providing  no  external  atimulus  of  nufTicicnt  strength  aet*  np<ii 
the  animal. 


Uidliraln 
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Flo.   27<. — Tlie   brain    of    Squ/Jiuii 
MpAoiu,  a  hony  (Uh,  uttfr  SlcintT. 
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lu  the  trve  fiskts  the  cL'wbrum  ia  bul  isliiElitly  dt-wlopprt.  ami  in  the  lampreyBi 
and  lnin>'  fiii|ii-d  tlif  corit-x  cniihUiH  i.f  imly  n  sinijile  Inyor  nf  epithrlinl  cells. 

After  i-xtirpuiion  of  ihi;  oon'brum  frnm  ii  bisiiy  fish  {Squaliui  <:ephaiut.  Fig. 
S74)  ihf  iiiiimH]  moves  cxnclly  like  a  ntirmal  animal,  ami,  Hceordiiig  tu  Steiiier, 
it  is  qiiito  iinjiossible  t(i  cliscr.vfr  Hii.vthiim  aDomaltjus  in  its  muve-mciits.  When 
iD  earthworm  itt  tliruwn  to  the  libli,  il,  makes  r  rui*h  for  the  booty,  wiwn  it  while 
it  is  )4ti]l  fnllinif  uiid  devour*  it.  A  cord  of  aUmt  th<-  aamt-  dimensiuiis  thrown 
into  thr  water  inn,v  or  inn.v  nut  Ir-  aoiiu'iI,  but  i»  m-rur  i*Htt.-ii.  A  dewrebraled 
fi)!i)i  muy  bv  fvuii  fuMlidiouM  about  lln  f(x>(|;  npuriiiiiR  fijih  worms  but  taking 
crunibx  of  bread  from  IIk-  ^urfMl'L'  of  the  water.  Wlicu  out;  red  wafer  and  four 
while  oiifs  arr  thrown  lo  il.  thv 
fish  rt'KiilBrly  chooso!'  first  the  red 
ai]d  then  tW  white  onea.  Il  doeo 
not  imivr-  l<)  taki>  the  f™id  from  the 
obdervfjr'B  bHii<],  bul  will  take  it 
from  u  luiiif  Hirinu.  Finally,  tlic 
deeerebratetl  fish  will  exfhaiiKi-  ea* 
K*M»  with  it!«  uninjured  coinimtr- 
ions.  From  tlu-Av  ub«crvatiui)a  we 
may  cimeluile  that  sufipn«j*ijin  of 
tbc  eerebruin  in  this  grnuH  h  ^>{ 
DO  pariieular  oonaequem-e — thai  to 
judge  from  the  behavior  of  the 
animal  after  the  ()|M-riilioii,  tlie 
giarls  remaininK  are  i>uilieicni  for 
the  ditteliarire  uf  uU  the  reiitnJ 
fn  net  ions. 

We  have  no  experiments  which 
give  us  any  ek-w  a»  ty  the  iinjfor- 

mnee  of  the  'twt<eiibraii)  in  the  bony  fish.  Hut  Kleiner  hiis  reiiorleil  some  in  which 
he  removed  both  the  midbrain  and  the  'twcctibraiti  nhmg  with  the  oerebmm. 
FikUowinK  this  o(>eri«tioti  the  Animnt  wmild  lie  cntin-ly  motionlewi  on  i(»  side  or 
on  its  buck,  with  tlw  fins  han^inn  ja-rffctly  limp.  Ilcnee  we  ean  »oy  that  the 
hiKhor  funetiouif  of  the  eenlrul  iienouif  i^yi^tem  iin*  dependent  u)Hjn  the  'twiK-ii* 
bruin  and  the  midbrain,  but  jiii>t  whiii  ahare  eneh  one  tokes  we  do  not  yet  know. 

The  srlanrhiai}«  tt\itt  (dog  sherk,  ScylHuin  canicuf-a.  Fig.  S7&)  withstand 
remiivnl  of  the  eerebrum  witlioul  >iip|in-)«ioii  nf  their  imivi-ments.  After  n  few 
roundti  about  the  tank  the  animal  lieit  quietly  on  the  bottom  of  tb«  (auk  for 
many  hours  or  even  dayB  at  a  lime.  Steiner  having  aeaiwsly  over  seen  one  in 
motion  when  it  wan  not  exrited  by  some  external  AtiinuUta.  Be^d«e.  the  animal 
d<H«  not  spontaneously  tako  fooil.  but  iln  inability  to  do  so  i«  nol  Ihc  result  of 
lowi  of  the  eirrebrum  i.M-lf,  but  is  rather  due  to  Iht-  funelional  lo««  of  ilA  olfactory 
lobes.'  whieh  of  course  ia  a  neocefiarr  cniisoquence  of  the  operation.  Careful 
investigation  of  the  normal  dogfish  confirms  this  indication  that  it  seeks  food 
■•ntirely  by  the  «Lpn8e  of  itmell. 

Simultnuenus  removal  of  both  iHe  'tweenbrain  and  the  cenebmra  likpwiae 
produce*  only  inflignifieant  effects.  Since  this  operation  involve*  deatroction  of 
the  optic  nervew.  sueh  animaU  are  of  course  blind:  and  yet  they  car  swim  in  a 
perfectly  norninl  manner.  One  obfterves,  however,  that  after  some  time,  which 
appears  to  be  shorter  after  removal  of  the  forebrain  alone,  the  animal  clings  to 
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Pio.  375. — Tbv  bnaa  ut  Sq/lhMm  ranvmln,  a 
diarli,  aflrr  8i»iiirr. 


<  The  otfaetory  lobe  eonaist*  of  the  olfactory  bulb  and  tha  air»ctory  tract. — Ed. 
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8omo  corner  ur  wall  and,  at  IvaBt  bo  fur  as  observed,  iipvcr  lfave«  its  retreat  eioyi  I 
when  disturbed. 

After  removBl  of  the  forebrain,  '(w«jvubrain  and  liiudbraiti  the  dog&li  ncwr 
epquttiUfuusiy  makt'S  any  movpinfuls.     Rouit'd  iiriiii[!iall,v,    ita    movfitieiita  km' 
efTcctivc  and  perffctly  rt-Kulur.  aiid,  »u  Inng  an  it  lUn-s  tint  Irnvc  the  normal  pUtr 
witli  reftruiictf  to  tin-  dinrtion  of  urovity,  it  koops  its  balance  pn>pt'rly.    But  Iri 
it  once  get  out  of  the  nurmul  position  in  the  water,  and  its  cquilibriun]  19  auHy 

lost.     It  may   pveii    come    to  n>x 
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lying  on  it*  back.  When  the  ani- 
mal is  suddenly  and  furoibly  placnl 
(111  ilf  back  it  makcK  wry  eriilriii 
efforts  to  rettfliu  its  nonnal  jkwi- 
tioil.  but  diies  not  always  8Uocrr>L 
Hence  in  ihc  JokHmH  also  tbr 
ao  •  called  spontant'uiis  iiiuvcmiail* 
iirid  lliL'  filler  courdiuatinn  of  moTC- 
raeiits  upiiear  tu  be  hound  up  witi 
the  'tweenbrain  and  the  midbrsiti. 
The  lower  parts  of  the  brain.  Ijow- 
ever,  are  alone  sufficient  to  cany 
out  fairly  well  coordinated  inrt«- 
iiiciits  started  by  artificial  lucau. 
St^hrader  alao  removed  tbr 
cerebrum  from  frogii  (Fig.  :J76) 
withoMt  iiijuriug  the  'tweenbrain. 
Then-  wa»  no  iioliccabU-  t-fftH'i: 
the  frogjt  moved  about  **  sponti- 
iieiiUHly"  from  one  pUce  to  «ii- 
uther.  they  swam  like  purfnctl; 
imrnial  niituialit;  at  the  approach 
of  cold  wealher  they  burrowed  iaUi 
the  luud  ur  under  Ktoncs;  or,  |m«»- 
ing  ihe  winter  in  the  open,  they  adaptwl  ihemKelves  to  external  conditiunH  and 
with  the  ««me  rcfmlts  as  did  their  normal  companions.  At  the  end  of  tlic 
hibcninting  season,  or  in  summer  some  months  after  the  wound  was  perfectly 
healed,  the  animalo  o|teniled  uiHin,  Ju«t  like  Ihu  normal  one«,  caught  all  the  flics 
In  the  cflge,  nnd  S'>  on. 

But  when  llie  'tweenbrain  wna  iujured  uhmg  wilh  tla-  cerebrum,  the  aatuc 
condition  appeared  as  had  formerly  been  described  by  Gnltz  as  the  eonMrqueace 
of  removing  the  cerebrum  alone.  There  were  no  motor  effects  strictly  «|K.'Hking. 
but  Ihe  atiinmlit  had  U»4t  all  tlteir  spontaneity.  When  a  frng  in  tliis  coiidilioi) 
was  not  roused  by  some  external  stimulus,  it  wtiuld  sit  perfectly  siill,  uniil  it 
dried  up  to  a  mummy:  it  never  tried  to  catch  flies,  no  difference  how  many  were 
in  the  cairc—il  starved  to  death  in  Ihc  midst  of  plemy.  unle!«  it  was  artitjeially 
fed.  Tt.i  movements  were  just  lilte  thn,ie  nf  a  normal  frog  except  that  they  were 
perfectly  nuirhinelike — a  given  stimulus  alwayit  giving  the  *amc  responHe.  Sinev 
the  nplie  nerve*i  were  left  uninjure«i  by  the  operation,  Ihe  animal  wam  influenr«>d 
by  visual  impreBaions,  avoiding  obstacle*  by  going  round  them  or  jumping 
over  them.  When  it  was  lowered  into  and  under  the  water  very  grudually. 
by  niennj*  of  a  meehnriism  driven  by  a  screw,  the  stimulus  of  the  ehunge  of 
medium  wan  not  suffieient  to  cau«e  ihe  frog  to  move,  [t  simply  r(>maiucd  sus- 
pended iu  tbu  water  at  u  depth  determined  only  by  the  amount  of  air  iu  the 
lungs. 


FlO.  276. — ^Tbe  bnUn  of  a  froe.  after  St^n<*r. 
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Wc  may  roiK'ludc  that  in  tislics  and  froga  Iho  central  ncnous  fri^tcm  up 
l<j  ftml  iiirliidin^  tlio  'rwecDbrain  \n  suAicient  to  rt^^ruliili-  till  the  nniiiiar^ 
fniu-liiiii.4  (willi  llic  ('xe-c|H:ion.  of  cnms^'.  nf  ihiwt^  dint'liil  by  Ihf  neni*c  of 
siiiL>U )  just  u»  ill  the  nuriiial  uuiiiml.  NuticruMv  cliatigi.'!«  ure  prmtucMj  iii 
the  k'hiivior  of  the  ()i>gli;ith  afitT  reniovnl  of  the  ^iwoonbrain  and  tho  mJilbratQ, 
in  the  frog  only  after  injury  to  the  "twcMjabraiu. 


Pornl  iraln 
Ilw-Mbiph«fc«t 


AfttT  (nkiiin  ohI   tUr  wrt-bmm  uf  a   lizard   (Fin.  277).  Rleinpr  obwrred  no 
other  rt-siilt  ihun  loss  of  ttp<iiitsiier>u»  iiiRcstiun  n(  f(K«I  and  uf  voluitiary  move- 
mi-iit».     VVhftt  f<tiniulali<d   ibi-  uiiiiiiul  iiiuveU  in   a  pcrfuutly   normfll  mannrr, 
avoided  obatuoW,  rlimbod   up   the  wall   of 
thi>  fHKCi  cxhihitod   no  distorhance  of  the 
miwt'iilur  nnyiv,  otc.     On   the  otht^t  hand   it 
would  no  lonKtT  try  to  (>*cai>e  when  threat- 
I'nud.     I.ikfwiw.  wbi-'n  the  pt'tt-'bruin  and  the 
'iwtvnbrnin  both  oro  remov<?d,  the  liwirfl  can 
iilill    iiDikf  |>t-rf»HMly   normal   movonM-'iiU   in- 
(.-ludinfc  leaps  of  luTyfv  »izu.     Il  «pii«»ns  liow- 
over.   to    biH'inno    (|nie*i'pnt    sooner    and    its 
nnivt'nM-nlH  in  rliinbiuK  8it*m  li-as  accurately 
rcKtilaUt]  than  in  iho  animal  irith  the  'tween- 
brain  intHrt. 

The  Ittrtlf  without  a  cen-brum  differs 
only  a  litilr  from  ihf  nnrmiiL  animal.  It 
inakc-H  itpuntanr>ou4  morcnionts.  reacts  like  a 
tiormnl  aniniid  to  liKht  rays  and  i^  able  to 
L'stimuto  visual  impressions  pmiK-rly  fur  iLa 
own  advantflffc.  It  h  unC'CrlaiM,  hnwevcr, 
whether  such  an  animal  lakes  food  sponta- 
uooiisly.  Otte  Hn«'K  niiininl,  it  wn>*  oluwrvi-d, 
left  tadpoles  plneed  in  its  cage  untouchwi 
for  a*  liinif  as  three  day.  Sinee.  bowe^-er, 
an  nnimut  whosi*  olfaetury  nurves  only  were 
out  ilid  the  name  ihinji,  it  \s  p<titsiblc  that 
here  as  with  tho  dofftish  the  determining 
faetor  it*  the  !*enw  of  Mnell. 

In  extirpatinfc  the  'twecnbrain  from  the 
turtle,  it  i(i  neeessary  to  destroy  the  optie 
nervpn;  lienti'  ibo  result  of  the  operation  is 
btiudneas.  Neverthele!i:4  the  animal  is  able 
to  orient  itm-lf  in  si»aee  excellent ly,  and, 
idthou4(h  it  seldom  dom  so,  to  movu  «pon- 
taneoui^ly.  Some  slieht  abnormalilica  ali^o 
are  exhibited  in  its  gait  and  in  tiie  manner 
of  its  cflrriafTC. 

Finally,  when  the  midhrHln  in  addition 
to  the  cerehnim  and  'twwnbrniii  are  re- 
moved. Q  remarkable  phenomenon,  flret  obaerred  by  Fano,  enanea — namely,  an 
tineonin  ill  able  impnl-W  to  move  about  {cf.  the  Hiniilar  U'hnvior  of  the  fmK.  pajf^ 
fitU).  The  aitimal  eroejix  inoew<aiitly  in  an  ■iimlos'«  wny;  g<x»  baek  and  forth 
from  land  to  water  and  from  water  to  land  appnri'iitly  without  ever  UndiiiR  a 
cumfurlublu  place.    Tbcro  arc.  however,  unmistukahle  abnortnalities  in  its  move- 
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nicnts:  in  waUcinp  the  limlu  nrn  lifted  luo  hinrh,  r-jiiL-uilc-t]  tuo  for  and  Koaxt'a 
Rre  »ot  down  loo  far  tu  one  sido  or  thf  other;  the  re^nlt    in  Thnt   thr  ranpot] 
wabbliw  from  siile  to  side  and  strikt^  the  flonr  first  with  one  ouriKT,  tba>  wit 
(hn  utber. 

The  chief  tlifferencp  belwcen  the  iizard  and  the  tiirtia  and  the  lawn 
brat&j  after  ri'inova!  of  lln;  ccroljruii!.   il    winild   wH'in.    is    (hal    tlifv  'I" 
vpoutaneciisly  take  fonct,  while  Hie  lizard  uliv)  iln»«  not  niovt?  at  all  ^[lot 
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Fia.  27ft. — Brain  oC  &  pigeon.  iJtcr  \^1«drT»h(nta.    Tbr  cranial  Mr**i  are  niimltcmL 

ously.  It  is  likelj  tlicrcforo  llmt  the  cerebrum  is  not  of  the  ftamc  importuni 
in  animals  r>f  Ihix  gi&^h}  as  it  h  in  llitr  higher  Tortchrales  such  an  birds  ki 
mammals.  But  even  in  tho  latter  it  ran  he  d cm nnst rated  that  the  lowt-r  parti 
of  the  central  ntTVous  svsfeni  can  maintain  a  higli  degree  of  uetivitv. 

Of  the  numemuA  nhHrnrnitinns  on  birds  vhtch  huve  bocu  made  sineo  the  time 
of  Rolando,  we  shall  oitf  only  those  of  S«<hmili:T  nn  iii^coTi.i.    These  aniiiiaU  ii 
Schmder'a  hfind»  surrived  thr  npcration  «f  remoTinn  the  ecrebruni    fFip.  37!* 
for  four  tr.  five  nifk-  iiiid  iIIl-J  tbvu  a«  the  rwult  of  progrewive  Rvneral  wealnu^ 
which  bcpan  about  the  fvurth  week. 

Dunne  thn  first  tlirt^  <tr  four  days  thpy  n'maincd  in  a  sleepy  conditio 
standini;  with  fejithcrs  niffleil.  bend  drawn  in.  eyes  elnaod  (and  often  on  onr  Un) 
5ust  whpre  they -were  placed.  Now  and  tlieii  they  wfuild  shakf  thenidelTna.  «mool 
out  thi'ir  feathers  with  th<'  hcnk,  stretch  thentstdvet:  as  if  drow-ty  and.  if  df>ftirii 
to  defpeate,  would  take  n  frw  stt-jw.  When  thrown  up  into  tbe  nir.  tb^y  n 
Byin^  mnvements  but  came  obliquely  downwanl,  strikinn  th^  wall  or  other  o\ 
cie*  and  rather  fallioK  to  the  floor  than  rcdchinir  it  by  "liKhtinK*';  then 
onee  mor^  uank  into  a  !«tu|inr.  In  abort,  the  animals  a|)|X*nr(^  bereft  of 
initiofiTe.  and  ono  would  be  inclined  to  declare  them  blind  and  deaf  and  to  dovl 
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wWtbcr  even  ihi-  wdw?  of  touvh  wen>  intocl.  But  if  tlu>y  came  Uirough  llse  first 
few  ila,va.  they  iirerteiiKil  <jutlc  a  difFeretit  picture. 

Thty  now  bi'Kan  to  wniiiifr  about  iiiiii  to  keep  up  n  lirclfss  morcli  about  llio 
cage.  The  (^iIl'ikv  wai*  u  muiK>rulcly  quick  ntep,  hut  fn;c|U(Miily  tu  the  iiiiivt'mciit 
wfitt  on  it  inioiTaitcH  in  frpqiiency  until  it  became-  a  run.  which  th«n  tajicr*'*!  off 
t>i  ihc  UHunl  cadviKt.*  aKain,  or  was  Monietinivx  suddenly  iiiturTU|iU-d  iiiid  tht^'  aiii- 
liitil  ij<.-ttli.tl  dvwu  iv  iik-t.']j.  It  apiK'uni  that  thi^t:  rt->itloK^  titovt.-iiifii(»  wt-it*  ui>t 
thi>  n>!4ull  ijf  iiciy  tdiliorrEiul  nlalo  of  rxcitulioii.  for  the  8ntnr  aiiiniala  whic-Ji  wnii- 
cl*^Tiii  iiUmt  tirelessly  nil  day  spent  the  nltrht  quietly  in  ntiP  apDl. 

'rt)i'!«e  iiiovcinciitit  fmm  tht'  tintt  nre  eontmllcil  by  »iifhl,  fnr  the  aniiriAl  alvajrs 
avotiin  iibHtanleH  about  the  rtntne  a»  a  nomml  piKeou.  Tlicy  an>  aUo  rc^ulxifd  by 
th(>  »vn»».'  of  touch  nnd  nny  1«ni}><>rary  disturbance  of  the  equilibrium  !■>  regxx- 
larly  cunqHMJHHti-d  by  the  pmiuT  tnuiioiis. 

Only  (ire  peneTioii  to  auditory  iinpn'SKiunti  was  observed,  namely  ihnl  the 
piK*>j]i  dn-w  back  nt  the  erack  nf  a  mateh.  Various  and  auiidrj-  ionen  and  nuiiki-s 
wi-n-  trii'il  but  withnul  iiiiy  nppitri'iit  i-ffe<'t. 

Hut  the  niiiveineins  of  a  dwcrebrated  piKPon  atv  readily  iDterruptc-d  by  other 
niL'tiiis:  oiii'  liiiN  only  to  loueh  ihi-  unitiiul  liuhrly  or  lo  lift  it  and  set  it  down 
attHiii.  find  it  imniiiliately  Jran'u  in  the  head.  rutHea  up  hn  feathers  and  fulls 
a*to^'p, 

!iy  xpecially  devined  experimeots  it  ia  powaible  In  show  that  the  pigeon  i« 
oblv  to  eoiirtJiiiute   U*  nioveiiientK  to  a  definite  end.     When,   for  example,   one 
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Fio.  379. — Bn^n  uf  rmbbit,  a/lct  Wieilefslielm. 


wna  placcfl  four  or  five  fi<ct  from  (he  floor  on  a  fimall  flat  surface  and  a  perch 
waa  plaeed  one  or  tyrn  yards  ditttant  from  it.  the  pifceon  flew  to  the  (tereli  atkd 
KraH|)ed  it  firmly  with  its  feet.  Moreover,  uhen  the  piiieou  uaf  (tiveii  a  ehoicQ 
betivti'u  tlyinir  to  The  perch  and  flyins  to  a  tnblu  imme  yardti  farllier  away,  it 
Very  deeidedly  preferred  the  latter. 

Iliil  it  never  flew  up  "iHintaneuuily  fnim  the  flnor.     And  it  could  not  lie  aK«r- 
taiued  puxitively  that  the  decerebrated  piKeon  ate  of  its  own  accord. 
37 
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Briefij*  stated,  every  nrtion  at  tho  pigeon  withont  a  oernhriini 
oW-ncr  a  pvcuUar  but  ]jcrfecll_v  unmi«taka!jle  3mj>iv*f*ion    of  an   uutomstoB 
Its  actions  are  ven,-  diverse  and  very  coiiiplicaled.  Iml    umler  given  cirvna^ 
Btances  can  be  very  delinitcly  predicted  witli  a  high  dygreu  of  certainty. 
tlpcereUrati'd  hird  iiiovfw  thrrtfrtro  in  a  world  of  objocW,  the  poi;ition  in  «| 
sizp.  configuration  of  which  determine  tlic  nhBracter  of  its   movoment*. 
which  are  othcrwisn  entirely  witliont  meaning  to  the  bird.     One  thing  iii 
another  is  a  mere  epaco-fiUiiig  mass:  it  avoids  or  pnshcs  aside  another  pij 
as  it  would  a  stone.    .\  cat  nr  a  dng  nieuna  uo  more  than  an  inanimate  obje 

A  dectTi'hratwI  nirtlt'  cxhip  h'ke 
normal   maie   and    cxhihit:*  t-% 
donee  of  ^xual  dt?sirL' — hot 
affwtinns  arc  entirely  ohjectl'fl 
It  ap|H'ars  ti>  Ik'  a  matter  of  fl 
diireri'iice  to  him  whether  a  f*^ 
male  i.«  present  or  not.     In  ihe 
same  way  a  fcntalp  Hhomt  no  in- 
terest   in    her   youujf.       If    fall 
fl(H3>,'ii),  lliey  fnilfiw  the  rnothe 
ffreaiiiing  inet-jsKaiilly   for  fof* 
hut  they  might  as  well  addi 
their  enlri-alieii  to  a   stnne. 

Tlie  furetions  left,  howpvc 
are    very    iiniiortaiil     om'v. 
wliat   extent  they   dfpend    ui 
(he  'Iweenbrnin  cannot,  for  wai 
of    LTitical    attention     to     ti 


Flo.  28(1. — I^Urrnl  view  of  tlif  ilun'i"  hrnin,  KhiiwinK 
the  rlllTfTrtit  InlMs  of  the  {■probruin,  alxt-r  lQ\en- 
Imtkit  tttiii  Itiium.  I,  < HfjH-torj-  !nJn>;  2,  liound- 
an.-  brtwoon  ihp  olfac^uiry  «iuL  fmnlAl  lcibi-«;  .1. 
hcjtinilnry  Ixil.wiifin  thd  frtiiitnl  unrl  jiarit'Cii]  loliw 
(fTuriftl^  Clsnjirr);  4,  dlfnctun'  Irju-I.;  5,  iiirifiim 
IiiIn.-;  C.  fronlul  lube;  7,  ])arl«tiil  lulx^  S,  ii.-iti3Hirul 
liitx';  a,  (HTiiitttU  LiiImi;  10,  mrclirlliiin ;  M, 
lioiindttry  b.^twti-n  the  puriftnl  i»iirl  icmijoml 
lubtvi  (riwiire  of  RvlviuK);  12,  iiiclullii  ub3ungiit-n. 


point,  I)tf  definitL'Iy  slattv).      Bot 
from  pehrader's  obnsen'ation  that  animali*  in  which  the  optic  thalami  were  in- 
jured exleUBively  in  removing  the  cerebrum  stumblud  over  very  Rli^ht  ol)«;tiirle« 
and  (lid  not  cornx-l  Ihe  pnsitifms  nf  rhrir  linihs  innncdiiitely  when  thev  wei 
ilispltici-il,  it  r^<.>ems  ]irnhahU!  tiial  Liie  'tvveiitiltrnin  play^  an  ini|Hirtant  role  in 
IhpM-  runfli(m«. 

.Atnting  mammah  we  have  oljservations  on  Ibc  complete  removal  of 
cerebrum  from  rabbitti  and  dogti  (FigH.  2Tf)  and  380). 

According  to  Ohrisliani,  rabbits  with  the  cerehnim  wmoTml  nat    im 
l-i^ly  after  the  operation  ju^t  m  normal  animalo  an-  onrcfnl  to  sit,  and  w. 
ntemplji  wpfp  mnitt'  In  caU-h  |Ih-hi  by  t-he  hiiu!  U-k  lh<',y  ran.    S|>oiit»i)c>f>us  inn 
mi^nU  wi-pc  iiUo  owasiniially  nuide.     IJul  when  thty  were  not  diKlurbed  in  a 
way  and  wer«  protfict<?d  from  jjowcrfu]  stimuli,  they  ea»it.v  fell  aiiUiep.     Tl 
woke  from  thi«  Hlwp  without  In^ini;  muwd  extenially.    The>'  w-alkcH  about  fur  a 
Ifiny  time  hut  finally  came  to  re»t  and  went  tn  «leep  again.    There  was  rmlhi 
flbiionnul  in  any  of  ihcHO  movemfnts:   the  animaU  avoidwl  obi4taolr«  witho' 
tnnchiiiii;  tlii^tii;  they  niiide  «top8  in  the  uilditl  of  their  wntiderinji«:  they  climbed 
uinl  Hprani;  iitHm  nhjertd;  etc 

The  rabhil  therefore  can  also  rejfulate  its  movements  quite  normallv  wi 
out  a  cerebrum  and  can  use  ite  visual  sense  for  this  purpose.     Wc  hare 
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more  Qxairt  oltHurvat ioiis  on  (heir  bi'liavinr.  an  the  ttiiimaU  in  thex  pxpermvnXB 
were  not  oboerveU  fur  more  tlian  twutvu  hijurs  niter  thu  ojjcratiou. 

U  appiiirs  fr-jiu  Chrisliuni's  nbscTvatioiiB  ibat  ihU  n«ulatio»  is  iht-  work  ct 
tht!  'iwinibmiii,  fur  in  rubbits  Ji-jirivL-il  t»f  ibiH  purt,  or  in  wliicli  il  wan  i-strti- 
sivpljr  iiijiirrd.  the  rikiinlinnlinii  iirypsMary  for  locomotion  and  for  mHittliiiniiig 
tito  equilibrium  iii  sittiiiii;  Hiitl  Htiiiidiiig  wok  entirvly  IohI. 

Much  mure  tignificanl  than  thew  ob»ervati(iii»  are  those  of  Gullz  ou  a  <le- 
curubratt-il  don  which  (iiirvinil  iliu  u|K.TUli'iii  for  a  loriK  lime.  In  thJtt  ih>ff, 
whotH'  history  ivo  shull  now  rcliiti-,  ntn  only  wh!*  practiaitly  fill  iht-  (.t-n'bnim 
ik'i>troy('ii.  hut  tho  'twwiibfuin  and  to  u  lurfci-  extent  the  oorijora  quiidrifretniim  on 
the  loft  Midr  im  vn-W.  T\w  fuiirtioiiit  carrit'd  out 
by  this  i!(<K  wt-n-  li»;rufor«.*  probably  less  I'Xtt-nxivu 
lliau  wimlil  be  ijossible  if  th«  wn-'brum  ouly  were 
cxlir])nlp<l.     Si  net*  this  exiwrimciit  in  of  llie  ut- 

moftt   imponnnnc  for  a   proper  coiK-ciitinn  of  the  ■'Tl    Jh^^^*\.    \.^ 

f II net i one  uf  the  ec-utrid  ihtvuuh  fyflecii,  wi-  nhtill 
re|tort  it  ttniuewhiit  I'xt fiiHively, 

The  left  bL-iiiiHphi-Ti'  of  ihii;  ihig  was  removed 
in  ivi-o  n|M>rati(>n3  ou  the  37fh  of  June  nniH  the 
'SM  of  November,  1M81),  the  fiitiri-  ri^ht  hvini- 
Aphere  wvm  reuioveij  iu  one  <i|NTalion  on  ibe  ITth 
of  June.  l!*»l).  The  diiR  livwl  until  IVeeiuber  31. 
Iti9l,  when  lie  was  killed  by  bteediiitr.  itiiil  wiut 
thrn'forc  under  oWrvaiion  for  a  year  ami  a  half 
after  the  Inst  operaticm.  Fig.  US]  i»  a  picture  of 
the  bruin  a^•  it  H|>)i<'tir4d  nt  auto|iHy. 

On  tiiL-  third  day  after  ihv  IhhI  o|>eraliuii 
(June  20,  ISfiO)  the  aniiiiAl  walkeil  about  ihc 
room  wiihuut  falling'.  Fmni  ihU  lime  mi  Idii 
ulreriKlb  inerenMil  »o  rapidly  that  cm  the  a2d  of 
July  he  oapiily  vliinbetl  up  an  inL-liiK*d  plane  of 
twenty  dt'irreea.  Tbe  ability  to  iwrfomi  enide 
musettlar  mitTomciits  was  therefore  i>erfeft, 

AfliT  some  nmnlhs  considerable  diatiirhanee 
in  nuirifion  inadi-  ilH  iippenrjin'-i-,  the  biml  |>Hr1ri 
beenmiitK  more  and  m'm>  emaciated.  By  fi-e<litig 
the  nnitniil  heavily  this  progrcasire  euineintiou 
was  finally  orcrpome,  b«t  the  eenninty  of  the 
doff'a  movemeula.  whieh  was  an  plain  n  fuaturc 
for  a  few  wvekx  after  the  oijeratiou,  did  not  re- 
turn. In  spite  uf  this  until  a  few  dnyn  before  hia 
death  he  wot*  able  to  raiae  hini!<elf  on  hif  hind  kva 
and  to  place  hla  pawn  on  the  KTaliliR  of  hiJ)  eaj;e. 

Aeeordiiijt  to  Goltz  himself  the  eause  of  this 
emacinlion  lay  partly  In  tho  fad  that  the  animal 

coiitiriuully  moved  about  in  his  caire  and  that  be  never  rested  nor  slept  wi  Ioor 
ae  a  noruial  animal.  It  is  pMbabtc  rIvo  that  it  was  due  to  imperfect  lieat  nvn- 
lation,  ainee  the  heat  Io«t  wn«  irreater  thiin  normal.  At  any  nite  it  i«  staled 
that  the  skin  wan  notircably  warm.  Otlwrwiw.  judfrinR  by  nothing  more  than 
the  fact  that  the  tinitniil  lived  ii!>o  lonu,  the  heat  retrnlation  munt  have  bei>n  fairly 
iT'H'd.  When  the  do|i  slept,  he  curhil  up  a«  uonnal  doipi  do;  in  a  warm  room  Iw 
p«aicd  and  atrutcbvd  out  bi»  tongtie;  and  iu  •  cold  room  h«  &Uivt;r»l. 


Fio.  381.— Tin-  ri-ni«iiii)er  ot  ili^ 
braiii  of  Uttll»'s  dofl,  aft^r  re- 
moval uf  itie  o«-n-()™l  liFtiil- 
■plii-nsL  The  niriluiln.  jioim, 
M-rvbelluiD  and  ll»e  rooU  of 
■II  the  crwiiiil  ««■!■<•  con- 
ih-c1m1  with  the  HMvlulla  aiiO 
)H>tw  mri'  |WTf<irlly  iiiiminl. 
The  «arpim  qUH'triBmiinH 
w<-n'  i«injrwl»Kt  jlrp-'Hm'wl. 
All  llwit  wax  Irfl  <>l  iln-  <:%-n- 
bral  riirtrx  wwt  b  ■ninll  port  tun 
of  Um:  icnipural  lobo  un  each 
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Diffealion  wciil  «ii  uoiroally:  the  toijfrue  enii  lh«  teeth  were  nomuUr 

scrrcd;  then?  was  no  foul  odor  from  tlic  muutli:  iht-  fa-ct-a  wnrp  of  normal 
ami  coiisisti'iu'.v.    No  ubftCTvalioua  were  mntie  ns  Ui  ihe  utilizatit^ti  of  f> 
TIk-  iirliii.-  ronl)iiiicJ  uii  [troteid  nor  sugar.    The  animal   (a  male)  gnve  tm 
Uvticc  of  sexuat  hfut. 

The  cruder  mitvemnits.  sufh  hb  lacomotion,  wvrv  fairly  nonnal  and  the  Biii 
on  H  rniiRh  tioor  was  tnlcrnbly  g'nud.     On  u  sriiouth  tloor  the  niiiiniil  slipped 
t>n?iil,y,  but    rt*f(>v*TL><l  liii<  h^^cl  withuiit   help,     lie  iievor  Wdlkod    on   the  back> 
his  fwt;  and  immediately  straiffhtened  them  when  his  loes  were  forcibly  tu 
under. 

I'Inrcrl  on  n  tnble  with  one  foot  over  a  trnpdi'or.  the  dop  ollowcd  tho  foot  v 
follow  the  trap  for  a  tli.'itniiee  ns  it  fell,  but  did  not  luew."  hia  equililiritink. 

It  l]aj)[ieiied  iiiiee  tliiil  ihi-  ^ln^  lirnl  nne  hind  piiw  injured.  Until  the*  pn 
was  coiiiplL'tely  tn^nlcd  he  liopped  about  on  three  les».  keepintf  the  ixgurod  nii'Si- 
her  vulunlurily  lifted  from  the  floor. 

ilence  llie  bodily  mnvemoii tB  wert^  regulated  in  many  difffrent  way*.  Atd 
ypt  his  movement-^  were  n>)!  very  preciac,  for  wlieri  he  wns  pinchc^ri!  he  r*'u\<\  n«i 
jnirpoNcly  riaeh  the  plaiv.  If  for  example  he  was  ]iiric!u'd  "n  tlio  left  bind  fwd, 
he  wmuld  snap  ti>  the  left,  but  sifldiirii  eMw^lit   the  nlfetider'a  hand. 

The  JifJixf  of  fvurh  wiw  uotieeiibly  dull.  When  by  nieaiiM  of  a  fine  lubc  air 
was  Idown  between  the  liwirs  on  the  haek  of  lii.t  f>nit,  he  did  nut  mnvf*:  br  vat. 
likewJHe  in^^enttitive  to  blasts  on  his  rio^e.  But  eerlain  purls  of  the  skin,  as  for 
example,  iho  interior  of  the  ear.  proved  to  be  extremely  aensitivc.  He  rpspoiwlRi 
promptly  to  stronger  cutaneoua  stimuli  and  could  be  awakened  from  hi«  sli-ep  in 
t(u9  way.  If  while  he  wjitt  walking  about  he  wa»  piiiehed  Hn>-wlH>n>.  hv  fat* 
eyidenco  of  hie  disijleasure  by  variuUB  expressicnit  of  ihe  voJw.  or  e\fn  simpprj. 

lu  order  to  tt^t  the  setme  of  lasle,  (ioltz  madu  the  foUowiiifi;  f'X)MTinM-iit. 
He  plaeed  some  horac  meat  in  eaeh  of  two  dishes.  To  the  one  he  adihil  milk. 
the  nther  he  eovered  willi  an  extn^mely  bitt<^r  solution  of  quinine.  lie  fed  the 
dog  several  pieees  of  the  meat  wet  with  milk,  one  after  the  other,  b.v  &impl* 
holding  them  close  to  hi?  nose.  They  were  seized,  ehewed  and  tjwullowed.  Sud- 
deiji.v  liL*  offen^d  htm  u  piix^e  fn>m  tlie  ijuinine  lYish.  It  also  was  seized 
chewed  nnee;  then  the  dog  mnde  a  wry  faee  and  spat  it  nut. 

The  ititrise  of  .^tnrlf  wo»  of  course  lost.     It  was  only  by  Mimulntinn  of 
braiiehp.H  of  tlie  trigeminal  nerve  tbnt  pniigent  odors  hnd  any  effoet  on  the  ani 

Av<fUor\f  Hfrimitiiinn  were  very   mueh   blunted,  nllbough    it    was    poesible 
rouse  the  animal  from  sleep  by  a  purely  auditory  dtiniulus. 

The  srnsc  of  sifflil  was  priielieatly  lost.  The  pupils  of  both  eyes  eonrraetr<) 
when  light  was  thmwn  into  them,  and  the  eyes  weri?  closed  when  a  davzlingl.i 
bright  light  fnini  a  bull's-eye  lanlini  was  thrown  in  the  dog's  fare.  In  nn 
eai<e^  be  turned  hi>ii  bend  to  one  nide.  That  was  all.  lie  was  uniihle  witb 
aid  of  vifiiou  to  avoid  ob&tacles  placed  in  his  way;  and  the  blank,  idtutie. 
pression  of  his  eyew  never  ehiingetl  In  the  least  when  threatening  KeMture:^ 
made  or  a  strange  dog  was  held  so  that  the  images  must  have  been  funned 
the  retina. 

Thf  aniniftl'i*  tnldliuencp  watj  very  much  reduced.  He  was  ao  stupid  that 
on  the  last  day  of  his  life  he  raised  a  howl  when  he  was  lifted  out  of  the  eojte  f*i 
be  fed.  just  as  he  ha<l  done  for  nmiitlw.  He  never  gave  any  exprt^sainn  of 
unil  only  showed  displeasun'  when  he  was  pinrhed  or  handlcsl  ruuichly.  Oi 
when  he  had  gone  willmut  fmid  for  a  longer  time  tlii»n  naual,  he  made  sou 
indieating  his  impatience,  lie  also  ate  more  voraeiou-^ly  than  usual, 
when  he  had  eaten  his  lill,  he  stopped  and  lay  down  to  rest  or  to  »Ieep. 

|[(!  never  learned  to  lick  himself  dry  when  he  beeame  wet.  so  that  he 
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ered  much  from  cold  at  umea.  He  lilcewiBe  nt-viT  Iried  to  twjld  a  boue  witli  hid 
fore  paws. 

In  view  uf  this  it  is  the  more  remnrkable  that  the  animal  ug&'w  iuu]\iim\  the 
ability  to  vat  and  tu  ilriiik.  Fur  a  lutif;  limi>  it  wo^  m^rensjiry  to  ]iui<h  r\n-  funJ 
fur  back  in  tin-  «nininrn  throjil.  for  when  it  was  merely  laid  tin  thf  fnnil  «'ml  of 
hiii  toiiftue  it  WHS  iifilliiT  chi-uvd  nor  ^walluwt'd.  On  the  tweut.v -third  ilay  aftiT 
the  Inst  o|K'ruliiiii  it  becuiiie  uiiiiecfsaur.v  to  pusii  tht-  fiHHl  so  thvji  iiito  ih<t  moulti. 
It  was  wiw-cl  by  the  toiiRiie  and  rnrrii-d  back  when  i)laced  pretty  well  forwaril 
in  the  month.  (Iradually  the  dog  got  hitler  eoiitrol  of  his  jaws,  and  linally  had 
made  siiih  pruRres)*  that  he  cnuiii  drink  a  InrKe  bowl  of  milk  when  bin  unout 
wan  hfhi  elniu'  in  it,  and  cuuld  eat  meat  when  the  dish  wan  placed  so  that  hi»  snout 
toHoheil  thf  f"iid.  The  reofiun  for  touchinu  the  food  will  be  apparent  when  we 
rcineiiilKT  thai  the  fti^nae  of  Btnell  was  entirety  linit  and  the  dense  of  iii|i:hl  redueed 
to  almost.  iKilhing. 

The  following  experiment  bIiotts  that  the  animal  could  do  a  rather  more 
difliriilt  tii»k.  A  "ttihII  bliml  nlley  wag  made  by  niemis  of  two  t>onnl»  pla<'ed 
endwise  aRainxt  the  wall.  When  the  dojr  was  lot  into  this  alley,  whieii  wan  no 
narrow  thai  hr  emild  not  turn  round  in  it.  he  wnlked  to  the  end  and  n'aehed 
up  on  the  wall,  "trying"  in  vain  to  gel  out.  Finally  he  bi-gan  to  walk  Imek- 
wani,  and  after  about  twenty  minutes  managed  to  baek  all  tlie  way  out,  although 
the  length  of  the  alley  was  only  about  twice  the  length  of  the  animaJ. 

ll  follows  from  llieso  observations  that  a  dojj  without  his  «>rehnim  i» 
able  to  carry  out  oil  of  the  functintw  iiecewian-  In  life,  if  only  his  food  ho 
plaeed  initiiediutely  in  front  of  his  nost.';  that  hu  is  stil!  able  to  iK-rform 
loc'ornolor  movement*  saiisfaetorily ;  that  (hew  movements  are  infiuenec^l  and 
rejjulated  by  the  mnscular  and  tactile  senses;  also  that  the  sense  of  hearing 
and  the  sense  of  sight,  although  in  a  very  r:light  degree,  can  influenee  his 
movements.  Finally,  his  Iiohavior  during  hunger  and  after  taking  food  leach 
U6  that  the  bodily  dwirty  are  still  "  felt."  The  een-brum  we  mtwt  conclude 
U  not  necessary  for  any  of  these  functions,  nor  for  padding  from  the  sleeping 
to  tlio  waking  condition  and  vke  vrrsa. 

Flechaig  waa  able  to  determine  on  a  human  monster,  in  which  only  the 
lower  parts  of  the  brain  up  to  and  ineluding  the  posterior  eorpora  quadriKi-mina 
wen'  dtTebiiird,  that  thewe  findingx  for  iho  di>g  apply  at  least  in  pari  to  man. 
I'be  L-bihl  lived  fur  a  day  and  a  half  and  during  ihii«  time  gave  various  signs  of 
di^'onU'nt.  It  whimpered  oeeasionally  and  \tA  whimp«;ringH  b^vame  more  vig- 
orous and  various  movements  of  its  limbs  heeame  more  active  when  its  akin  was 
pinched. 

The  obser^-ation.'*  here  brought  together  on  Ihe  effectp  of  removing  the 
«*rebruni  from  ditTerent  vertebrates  may  l«c  itummarizwl  briefly  as  foUow-i : 
tiieso  fffrcts  are  very  slight  or  even  unnoliveable  in  the  lowest  verlrhratrit. 
but  the  higher  we  ascend  the  scale  of  animitt  life,  the  more  prnnoumed  and 
exiengive  thep  brfome.  Kul  even  in  Ihe  highist  of  the  lower  animaU  stndini 
(dog),  the  riinctions  r)r  Ihe  central  nervous  system  whieh  remuin  are  suHicicnt 
to  maintain  all  the  vital  procwfies  necewjyiry  for  life,  with  Itie  single  ejccejition 
of  pwking  food.  The  effects  are  chielly  nfMin  the  highoiit  powers  of  the 
nervous  system,  especially  upon  thnw  which  wc  comprehtmd  as  belonging  to 
coni<cionsiies6.     For  these  powers  the  ccrebnim  in  the  highest  vert''  ** 
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^.  plaj-R  tlie  ddermining  part,  and  canuot  lie  replaced  b_v  the  tftwor  wm 
centers.  Witli  regard  to  the  state  of  eonscioiisness  in  di^cerebrated  aniniik 
it  is  evident  that  no  propoRition  can  be  laid  down  which  is  t^nlirvlj  fn*  from 
ohjectiiDH,  niid  there  in  no  occasion  here  tfl  discuss  the  liyjKitbew^s  beinoj 
on  the  subject  which  have  \tecji  put  forward. 
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CHAPTER    XXIV 


l-HVSIOLOOY    OF  TILE    CKRSBSUM 


It  liHH  [ivntr  Imtii  ti»KunHHl  thai  ihi-  brain  re|in>t<('nt.s  llit-  malortal  substrntutu 
of  tlio  iisychicul  ui'tivitios.  Dr^nrti-H  rr^nivkd  tho  pinciil  gluii<1  hs  tlii>  fcnl  of 
the  mind;  WilliH  locAted  |irrc<'[i1  ion  in  the  coriMtrn  striata,  intAfnuBtion  in  tlio 
rorpiii*  cnMrvvum.  niul  memorv  in  the  ortnvnlutiniiti;  aii<l  OsbiiniM  expouri<)<*<l  hit* 
iloptriiip  ihot  Ihe  brain  «tvn*lii(  iliouuhi  in  ih)-  suiiic  way  a*  thi*  lirer  swretes  bilp. 

OhU  wus  tlif  first  lo  get  a  (Iffpcr  irittinht  into  xhv  HiKiiitiram^-  of  IIh-  bruin 
UM  thr  tsuU'triiiiini  of  iho  [tsychicnl  life  of  man.  nm]  ht>  unrlortooli  lo  provr  thia 
doc'triiiL*  b.v  iictuiil  obwrvntioii.  Am  Fluiin'iis,  tt«-  nio>i  (lusitivc  u|i|>l>iii'IiI  Ltf  (iiill, 
pill  it,  lliiii  tinrlriiif  fxislfti  in  spiriiw  bi-fuir-  (lull,  biil  iifiiT  liiiii  il  riilt^  thrrtr. 
IttvvnliKsltiiK  i:ach  Hi>nM.>  by  ilHclf,  (inll  excluded  utl  of  liicm.  one  8f(<.>r  tho  othur. 
from  any  direct  itarlii^iiialioii  in  lIr-  |H»wt-ni  of  inti-IIiici'iK'L'.  So  fur  fn>in  boing 
dvvi'l»]Kt)  in  profiortion  to  thf*  inlvlligcTire,  moHt  of  the  Brnscfl  h**  saw  are  ili-rcl- 
o|>ed  exactly  in  inverse  proportion  thereto.  Tiutte  niid  smell  iire  i*linr]»er  in  thr 
itijimmaU  than  in  man.  si^ht  and  hearing  arc  more  ki>t>n1,v  rlcvdopiti  in  tlw  binU 
than  ill  miiititMulfl;  but  lln*  brain  i*  evi-rywlw-n-  d<-velo[K'd  in  din-c-l  iinni-trtinn 
tu  intc-lltufMci.-.  lutolliKL-iK-t.'  rcmninB  after  loss  of  fifiht  and  of  hearing'  and 
woubl  probably  survive  all  the  n>nitcA. 

Tbi'  Iimin  Ibercfore  i*  lb<-  only  orftnn  of  thi'  niiml.  It  coniiifilJt  how<-vi-r  nf 
many  (HffLTi'nt  pnrld,  and  ihc  c|uv«lion  nalurally  iiri-i-s  w-b<'ther  all  of  tlicMj  part« 
ore  of  th«  same  imporloucc  for  the  itsychieal  activitira.  Gull  und  hiH  pupiU  had 
the  iduH  that  only  thu  cun-bral  beiniiipfat.Tt!)t  repn-seut  lhi>  subBlratum  of  the 
mintl.  and  from  what  wc  have  li'arned  in  the  prpccilinir  eluipii-r,  and  »■»  we  jnhull 
pn>ve  nt(>rt<  fnlly  in  thiit  one,  wc  euii  now  miikc  thin  nffirmiition  with  much 
Hrviiler  di'finiti-iH-M.  The  lower  parts  of  the  brnin  prohably  have  nit  direet  siR- 
nitieanee  for  tlie  pnyehiral  funeliimn.  Aw  has  Ihtii  obwrn-d  in  the  prece<ling 
chapter,  their  purjjt.>i*f  s<?euis  to  V-  rather  to  retfulnle  quite  indeiK-ridently  of  tho 
coniii-iouHneiia  and  of  the  will  u  number  of  the  purely  vegi-tative  funetiuns  and 
to  oonneet  tht-  eerebrnl  hemispheres  with  the  remainder  of  the  nervous  Ryaletn. 

Oall  however  wa«  not  »utiati4-<l  merely  to  have  demonstrated  ll»e  importanec 
of  the  brain  fur  the  p»yehieal  life,  but  pro(«ede<l  to  work  out  a  detailed  pxyeholiiKy 
-which  he  endeavored  to  bring  into  line  with  his  idcuB  coneeniinii  the  fuootions 
of  the  brain. 

Oiilt':*  pitycholojry  suMividod  the  inlelli^ene*'  into  a  nnmber  of  diffeivnl  fac- 
ulliei*  <"ntiri'ly  indt-jjeiidenl  of  one  another,  each  of  which  hiid  it*  own  power  nf 
pereeption,  memor>-,  judtonent.  imaKintition.  ed*. 

The  mo8t  po»ilive  objections  can  be  rai^'d  against  lhi«  coneeption  of  tho 
mental  peraoTiality  of  man  an  an  a^reirate  of  arbitmrily  ehowen  and  indei«endenl 
foeultiofi.  This  was  early  realited  by  Flourena  who.  in  dirwit  opposition  to  Ciall, 
laid  Rreat  cmphaniR  on  the  unity  of  ihe  CKo.  Moreover,  the  fACtlltioa  whieh 
Gall  po«tuIuled  were  not  etiordinaled  with  each  other,  but  were  of  all  po*«ible 
and  impowible  kimln.  Some  were  partly  inetajdiysieaL  some  relate  to  the  emo* 
tiotu  and  aomc  stood  in  direct  connoclion  with  Uie  wnaations. 
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It  18  priiclitrHlly  curtain  lliat  (IhU'k  p«>-i'liiilt>Ky  would  nermr  Lhti*  At 
an.v   furtli^T  tiotiex'  if  be  hnc)  not  iiltempltrd  uUn   lo  lt>cut«   the    organs  for  tW 
diffi'n-ut  facullics  in  liilTrri'iil  pjiri!'  tif  llii-  lirniii. 

His  point  of  drpflrtiire  wnit  nil  ob-^rvation  whirh  In-  had  miule  nfi  a  ittndnit. 
Uc  iUoujtllt  liL'  lifltl  tli^L-ovtTfil  tiiat  tliiMi-  ut'  his  fi^-lluw;*  w)bii>  hAil  a  fcoiid  lOMixtr; 
for  woriJ:*  liud  prtiuiiut^iit  <-.vl-».  JIcn<*c  lEii;  ortraii  for  (liii<  fncully  tnuft  bv  »iti»trtl 
aborn  nnd  bfhind  th«  eye  sorkptK.  Uo  vrnwcivKti  ihal  ihi-  orgniiK  of  ihe  t\iS< 
fflciiltit<;(  lay  only  on  the  surface  of  tho  train,  aUo  thul  wht'povor  a  certain  o 
wflfi  cspfi-iall.v  well  developed  the  kKuII  Bt  llint  i>oint  was  bulf^r^^  out. 

ileiR-i-   if  one  were  to  ohwrre   the  mont  chanictrrijdio   ix-t'iilinritie«   in 
traits  and  the  cliomfler  uf  oiiiny  difffreiit  individunlK  and  were  to  study  t 
skulK   one  eould  delerniinc   flm  cxiirt   loiralioii   of   ihc  wparato   arvanA.     T 
nothing  would  lie  simpler  thnn  to  detemiiiiie  n  perHon'H  chnrnctcr  nm]  tlie  (iiuli 
of  liis  eiidowmeiit?  by  exaiuinin)?  his  HkiiH.    Whut  n  bmiid  Hiid  extrfiuely  lot 
e«ttiii|7  pcrs|H^el)ve  tlii:*  simpk-  mid  (in  tlie  fulli'sl  niciiinnff  of  the  word)   palpnl 
doctrine  opened  u]il     And  how  extraordinarily  uoeful   phrenotoffjf.  na   the  n 
8L'ieiice  wn»  eullcd  by  itx  disciples,  wuuld  be  in  cducaliou  and  iu  tli<;  L-hoice  vf 
n  life  workl 

Cmll  WHS  unquestionably  a  good  obaenrer.  and  in  mnny  points  the  foinh- 
mrnliil  priiuiidi-s  of  hi;*  method  were  imt  far  wroiifT-  But  ihis  did  nut  prewrl 
him  from  lot-iiiK  nil  critical  Bent**'  iitui  <iif*erelion  when  it  rarno  l<i  (JL-tc-miiniiiR 
empirienll.v  the  tueation  of  hie  "  orRniis."  GhU'b  own  writin^r*  and  thoM>  of  hi* 
followers  furnisli  ilie  most  Ilii(rr&nl  ejtfliiij>les  of  this;  nevertheUiis  Iii»  dociri 
were  for  a  long-  tiinn  espniispd  in  eerlBiTi  qnartera  with  the  sreanwt  4>onfidpncr. 

In  seieiiee  phrenology  soou  had  its  dny.  and  sinro  Flourcns  publiithf^ 
researeliirrt  nn  tliR  functionB  of  the  brain  (1822),  it  hft*  belonged  nmoni;  the  cu 
vsitiiw  of  the  wjienlifio  lumber  r<Hiin. 

Kloiireiw'  worki*  declared  ihat  only  the  fcrehral  hemispberi'a  werp  of 
direet  importance  for  intellipcnee.  lie  liiirl  down  the  fi>llowin(r  propoflitin: 
wbii'h  iiri-  Kiven  hen'  in  liis  own  wni'ds:  (I)  One  enn  cut  awiiy  from  th«'  f 
the  bnek.  the  toji  and  from  Ihe  Mides,  a  fiiirly  laii;e  piirt  of  the  COrebrnl  hei 
HpherLT^  williuut  deslroyinc  the  intelliRence.  Hence  a  mther  limitx^  imrtioD 
the  brain  is  auiliirirat  fur  the  tixereise  of  its  mental  funeliouB.  (2)  Tht*  morr  oi 
removes  of  the  brnin  siihstnnee  the  mom  ih  the  intelliycnvc  wtakriir*!.  and  i 
Iiowem  pmportionnlly  restricted.  When  n  certuili  limit  in  pamHY]  ihe  intellifreu 
vani'fhe'i  aitoKi'lher.  For  the  ennipleti'  development  of  the  mental  powers  t 
fore  nil  the  ditferent  parts  of  the  cen_-limm  work  Inpelher.  (H)  WIh-m  one  ps 
tieular  fuuetiuii  is  lost,  nil  are  lost ;  whi*n  oin'  fncully  vanishes,  all  vanish.  The 
arc  no  different  organs  for  the  (iifferetil  fiicialtie«  or  wni^alionti.  Tin-  ability 
IK-rccive.  judne,  or  will  one  thini?  ha.-^  its  seat  in  the  mime  ptiini  as  the  nbili 
to  perceive,  judge,  or  will  another.  This  ability,  which  in  its  eaaentw  i»  ouo 
indivisible,  has  iIm  «eut  in  a  single  orKan. 

Kor  more  than  n  decade  the  eoneeption  expn-ww^l  in  thi?  proponitions   r 
pnrtly  owing  to  the  reaction  aRnini>t  phrenology,  partly  owing  to  tlir?  weigiit 
Flourens'  investigations  on  the  physiology  of  the  nervous  system,  was  rrgardi 
ait  the  last  word  of  seienci-  with  regard  to  the  relation  of  the  mind  to  iho  brai: 
This  is  not,  however,  the  mmlem  conception. 

TherR  was  intleed  a  moiUeura  of  truth  in  phrenologj-.    Not  that  !t«  ponlti 
the  different  inlelleelUHl   ([ualities  in  ilefiiiilc  regions  of  the  hmin  Wan  ofirrvet. 
nor  that  its  iiostuhiU-  that  the  form  of  the  skull,  its  eun'atunv  nud  prfimineno' 
gives  exprweion  to  the  funetional  cB|>abilitii-»i  of  ihe  underlj-ing  partn.  hnx 
found   to  nwonl  with  fact.     In  this  respect  phrenoloBA-  hai  lieen   relegalc^I 
to  tlie  rear,  we  hope  for  once  and  all.     But  further  research  has  deiDotwtmted 
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that  the  ecrt-bral  Iwrniapheres  have  not  one  and  Uig  Rome  (unction  in  all  of  their 
ports;  it  ha*  shown  ihnf  in  the  production  and  nlahorntinn  of  thi'  difffifnl  kindfl 
of  seDsations  as  well  as  in  the  influence  of  the  cerebrum  on  the  functions  of  tho 
body,  entirely  different  areas  of  the  bemispht.>n>8  an-  active. 

We  may  go  farther  and  soy  thai  wo  have  certain  grounds  for  believing  that 
different  sections  of  the  eercbniin  pBrticipale  in  the  different  mental  processes; 
yet  the  modem  ih>ctrinc  of  cfrehral  locaiitali/>n  i*  nt  bottom  fuimethintr  quite 
differt*nt  from  the  old  pbrenolofcy.  Phrenolony  awumed  that  there  were  a  num- 
ber of  different  urtfans  in  tho  brain,  each  !i|H.rifieullv  set  aside  for  some  complexi 
function,  ulthouitb  that  function  wbr  ttometimpi^  purely  mctaph^'sical.  The  uew 
doetrinc  hus  been  eontont  to  estobliah  first  nf  oil  the  importance  of  the  different 
parts  of  the  brain  for  ihp  functiona  of  tho  bndy  nnd  for  the  flenaationa  produced 
by  stimulation  of  the  nffepcnl  nerves.  It  hn*.  it  ia  true,  ventured  a  utep  farther 
and  baa  sought  to  bring  the  activity  of  th*  mitid  under  physiological  inresfiga* 
tioD.  But  these  iiivestigatiuns  aim  to  discover  how  the  psychical  function?  caD 
be  carried  out  by  ihe  roiiperation  of  the  ▼nri»u>i  parts  of  the  brain — exactly  the 
reretse  proeess.  therefore,  of  the  phrenology  of  Oall.  Finally,  the  spirit  of  mod- 
cm  research  is  poles  asunder  from  the  spirit  of  phrt-notogy:  it  will  not  forcibly 
warp  the  farts  into  Hue  with  preeonccived  ideas  and  arbitrary  hyj>o(htiM-«;  but 
it  seeks  to  be  entirely  free  from  bias,  and  in  thi^  (Spirit  to  determine  by  obwrva- 
tion  and  ex|ierimoit  tho  facts  which  may  be  able  to  help  us  on  toward  a  deeper^ 
theoretical  romprfhension  of  the  cerebral  fimettnna. 

A»  early  as  I.M25.  Boiiillaud  tried  to  show  that  lesiona  of  the  cerebral  hemi- 
spheres involved  loss  of  the  eoiirdinated  movements  ncces«ary  for  speech  only 
when  the  most  anterior  divieions  of  tlu'  brain,  (he  fmntol  lobe*,  were  affected. 
Somewhat  later  (1836)  Marc  Diix  stated  that  orticulate  speech  was  controlled 
by  a  pla<.>e  in  the  left  half  of  the  brain.  But  his  ideas  received  no  encourag«>] 
ment — in  fact  they  were  described  as  pseudo-scientific.  In  IHfil.  however,  Broca 
mnile  definite  obsfr^-alions  on  some  diseased  ca»«4  and  wn«  able  to  e»tjibli*h  llie 
fact  that  (in  righi-handed  persons)  destruction  of  the  third  frontal  convolution 
of  the  left  hemisphere  abolishes  the  power  of  speech. 

The^e  statement^!  were  9oon  corroborated  by  observations  on  similar  cases  by 
other  authors,  and  thus,  contrary-  to  Flourens'  d^K-trine.  a  functional  differentia- 
tion of  the  cortex  into  different  regions  was  demonstrated.  But  there  was  eon- 
fliilerable  ht<*>itaiton  about  giving  up  the  doctrine  of  tlie  unity  of  tlie  brain,  and 
it  wns  nut  until  investigations  had  been  carried  much  further  that  it  was  finally 
overthrown. 

On  purely  anatomical  gmundit  Meynert  eimelnded  that  the  anterior  part  of 
the  cerebral  hemispheres  was  more  closely  related  to  motion  and  tlie  posterior 
part  to  sensation.  Then  cante  (18T0)  the  work  of  Fricsch  and  Hitzig  by  which 
it  was  estHblished  for  alt  time  that  differvnt  parts  of  the  hemispheres  actually 
have  different  functions- 

AnionK  thi-  many  articles  of  failh  which  had  long  been  held  with  regard 
the  brain,  was  the  belief  that  the  cerebral  cortex  was  nonexeitable  electrically- 
i.  e..  that  no  visible  effect  could  be  produced  by  application  of  the  eleetric  current 
to  the  cortex.  Fritsch  and  Ilitxig  showed  that  this  idea  was  wholly  erroneous 
and  demon" trft ted  that  by  electrical  stimulation  of  the  cortex  muscular  move- 
ments could  be  obtained:  but  that  they  could  only  be  obtained  when  the  current 
was  applied  to  certain  definite  portions.  The  resulting  movements  appeared  in 
various  groups  of  muscles — those  of  the  face,  the  fore  or  the  hind  leg.  etc. — ac- 
cording to  the  exact  point,  within  the  general  areA,  which  was  slimuUted.  From 
other  p'lrtions  of  the  cortex  the  current  pr^Klueed  no  visible  effect. 

These  discoveries  excited  the  greatest  iniereftt  and  led  to  many  new  »*—«•*—• 
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of  Tanuiis  kindfi  which  both  semvc)  to  E^slftblish  ibe  doctrine  of  diff4T<.'nt  pt 
logical  functions  fur  tliffurcrut  curticul   rifci<^'n».  urid  ul  tlie  same  time  to  Btvttb 
broaden  and  deepen  our  kiiuwIcdKe  of  the  cerfbral  functions. 

Sint-p  vpry  Htllp  is  kni)wn  willi  n*);Hrd  lo  ilic  ])h.v»ioloKiouI  purposes 
bflsfll  ^nnfrlion  (c.  p.,  the  iinclfus  cnndntiis,  nurttnift  lentifinTni.i.  the  ^ray 
iif  tlu'  clau&truin,  etc.)   lM"lnnging  properly  to  the  cerebrum,  we   shall   |i«M 
iheni  hvrv  mid  in  this  chapter  Bhal!  ctiiisidiT  first  tbe  motor  end  svuwry  aicu  of' 
the  cortex,  and  then  take  up  the  peydiu-physical  functions  of  the  cerpbrum. 


FIRST    SECTION 
THE   MOTOR   AND  SENSORY  AREAS  OF  THE    CORTEX 


.*S(i_ 


Ser 


A- 


IM 


I 


con 


%  1.    THE    MOTOR   AREAS 

A.    GENERAL   SURVEY 

The  result-*  of  Frit«ch  and  Hitzig  to  which  we  hare  rcferre<l  on  the  pi 
ceding  page  wero  as  fnllnws:   Xo  tnnvpnipnts  were  obtaio<?d  I>y   stitnulati< 

iif  the  po-terior   ])ftrt    of   (he  it-i 
lira!  cortex  with  weak  electric 
reiitsi.     Bui  when  thu  current 
appliM  to  the  anterior  part,  atovi 
nifntj:  appi'nrtMJ  on  the  opposite  ^it 
of  tlic  )»>dv.    With  a  wi-ak  stiuuili 
the  effect  was  cflntineil    to   eerti 
Hharj)Iy  (iefiiied  groi][»i»   of  mu4ch 
Willi  a  stnuiger  stiiTiiilu*  the  n« 
iiienl^  nppenrcd  nl*o  in  other  >!tcvu| 
OQ  the  tame  side   (cf.    Fig.   282). 
With  rapiiMy  rpfwntod.  ioductic 
shocks    apjjlied     lo     the     difforei 
pr>intc,     the     appropriate      luu.^'U 
could  be  thrown  into  letanue.     Cot 
tinutil  for  several  seconds,  this  for 
of  Atimulun  produced   a    perai^tcai 
tetanus  which  niij:ht   spread    ii»  at 
parls  of  the  body  (cortieal  epilep^j 
cf.  hclrtw.  page  G4I>. 

The  Hi^t  question  su;r)^ted  bj 
these  observations  is,  what  pari 
the  cerebrum  is  the  part  primarih 
stimulated  by  the  current — the  cot 
lex.  the  underlying  white  matter, 
ihc  deeper  parts  of  tlic  brain? 
The  Rnswer  is  uDanimous,  that  the  cortex  represents  the  imnimltate  poin 
of  attnck.    The  following  are  among  the  most  important  experitneutal  proo&j 
of  this  proposition: 


Yw.  2K2. — Munuil  trurfare  »[  llir  <tag'i>  tirnin, 
with  ihrcsdtation  pointe  tn(lir&rc<lacr«nling 
to  Frifiirli  uid  ]]il>ip^  i,  nrek  miiKj-lm;  +, 
mK-Jixors  %nA  snAAucXan  at  Ilie  ((iri>)rg:  ■+, 
flrxion  niitl  r»t«linn  of  thi>  fon-lr-R;  S,  liindloi;; 
(\  fiwp;  Srr.  aukiiH  rniririUi.'i;  AS<!.  antrrinr 
■iptmnJ  ip-riin;  I'Sti,  pfwtcrior  ■ipiioid  RVrua; 
CfHt,  i-f)r<in*ry  gvnw;  rnr,  riinin»i_v  fimur*'; 
J,  If,  Jit,  JV,  fireL  to  rourtli  «\lcTutU  con- 
volutioiu. 
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In  tliL'  first  |)law!  it  may  be  ob«prT«i,  that  if  iKe  carrpnt  took  vffecl  on  the 
lower  pnrlH  nf  Iho  cerrbnini,  miiscutar  ninvcmriit»  uliniilij  In-  obtaiiKil  by  nppli- 
i-iUioii  of  thi-  current  to  wUlcl.v  tiifffrcul  region*  of  rht-  i-nrtt-x.  Siinn'  ibix  is  not 
tfac  case,  it  is  merely  a  question  betwren  the  cortex  mid  Ibe  KubJHcetit  while  ituit* 
ter.  The  follnwin^  facta  sp<>nk  affuiiiHt 
the  Inner  itrMsibilily: 

(1)  I'mlpr  eertiiin  i-irciimstaiieen  il  i« 
pn«»ible  tn  Htimulule  tbi.'  wrUx  int'chori- 
ienll.v.  but  (lie  white  matti-r  rniuml  bi* 
so  stimiilatnl  (Lueiani  and  Tambiirini). 
(ii)  It  ni|uireH  a  stroller  rtirn-iil  tu  vtimu* 
lutfi  Ibe  eornna  radiata  eleclrieRlly  than  to 
Htiinulbtu  llie  eortej.  (3)  Oii  the  otbi_-r 
banc!  n  munetilfli*  conlraction  rflUHPil  b.v 
ci)iiitiiuuui«  stimulation  uf  the  cortex  ceaM-A 
deciilitll.v  affOinT  than  aflor  stimulation  of 
the  e"ixina  (La-v.v).  (4)  After  polwuniiift 
with  chloral  (I'Viiiiek  ninl  Pitres),  the  etir- 
tex  bcvomra  iui!xritabb'.  but  movi-meiiis  ciin 
still  bo  nblaitiod  from  the  corona.  Like- 
wise the  cortex  i*  rendered  incxcitable  to 
a  de|»th  of  3-3  nun.  by  paintiiiK  il  with 
eueuin  (Carvalho). 

Aiiaiii  when  a  oertnin  tnuaoular  con- 
triii'iion  in  anHim<d  lirst  fntin  the  cortex 
and  thiMi  frwm  the  <"ori>nn  and  the  first 
two  n>s]>iiiiscs  flw-  ret-onled.  it  ii*  fmincl 
that  the  latent  tH-riwl  of  the  &m  is  twu- 
Bidernbly  lotijcer  than  that  of  the  »ennnd 
— e.  If.,  cortex.  1>,(J(1B  second ;  corona,  0.04S 
ttoctftul   (Franok).     The  differt-ncc  of  fl.(J2 

w'c'.'nd  i»  lUmbtles*  duo  lo  a  delay  in  the  excitation  pro<.'eKs  o<?easione«l  by  lh« 
Mcrv'i'  cells  (Kin.  2t*;0.  The  farts  altto  ihat  iIil'  ciiKruciioii  curve  foJl'iVi'iiiK  ••or- 
lioal  xtimulntioii  rises  more  alowly  and  is  not  ^t  n'lrulnr  as  tbnt  followiuft  sliniu- 
laiion  of  the  corona,  and  that  cortical  ttiinululinii  i^  aeooniimnied  by  a  clonic 
conrnii'liiiti,  while  Mtimublion  of  the  corona  ift  not,  ere  pmbnUy  to  be  ex|>lained 
by  llie  jirf»«-nee  of  nerve  cells. 

Henn.'  ix  is  conceivable  ihut  the  elerlrieal  xlimului*  act))  directly  on  the  larfr« 
pyramidal  eolls  nf  the  cortex  fef.  Fig.  2M.  ripht  side  Nim.  4.  5.  Il)  although  this 
would  not  mean  lliaC  there  mifcht  not  be  other  jK>inl!«  of  nlluck.  a-H,  e.  R..  the  end 
arbortxatione  uf  the  afferent  nerves  as  well. 

Th<i*  things  \mng  ao,  we  inav  sav  Ihnt  eertnin  definite  regions  nf  the 
cortex  stand  in  n  nmre  definite  relation  to  the  mnTeriienls  nf  the  bmly  than 
do  other  parts  of  Ihe  l)rain.  The»e  regions  are  doscriUMl  as  the  motor  eorticai 
arrtu  of  the  (•cn'bniin. 


1-'to.  2KI.^I.Ai«'nt  pfTioilnf  musmlArron- 
Irnrtion  Indiiml  bj'  iiimiiiation  of  tlia 
i^irli-i  (iijitMY  trnriiighUHl  by  HtimiilB- 
tiun  ot  (lie  iiiiilrrlyiiia  vliilr  iiiilMtnnr<> 
(kfwrr  Inu-uiK).  atltr  Kmiirk.  'Hie 
titiiL-  rwcorO  in  rarli  enr*  i*  in  l-IIVHh* 
o(  ■(■c^niiul.  Tlir  iiutlniil  ■■(■limilUtKtn 
i*  mdicaltil  liy  ih«  vprttral  Dim-  i«  iIib 
l<-(l.  i))i.>  b(*icliiii'i>K  ■■f  I'"'  <^»>tr>cUoD 
by  U)'C  vcrticNJ  tine  lo  tile  riglit. 


B.    STIMULATIOn   OF  THE  MOTOR  CORTICAL   AREAS  in   DTPPEREIIT 

MAMMALS 

It  would  lead  ufi  too  far  afield  to  de!>crilio  liorc  in  detail  all  Ihe  reAult^ 
obtained  by  ulectrical  stimnUtinn  of  the  rortex  in  Ihe  dilTerent  niAmmaU. 


'  Ily  rlaniccontnicUon  Uramnl  one  whosestrenfftbiaemitSi 
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of  various  kinds  which  both  served  to  establish  the  doctrine  of  different  physio- 
logical functions  for  different  cortical  r^ons,  and  at  the  same  time  to  greatly 
broaden  and  deepen  our  knowledge  of  the  cerebral  functions. 

Since  very  little  is  known  with  regard  to  the  physiological  purposes  of  the 
basal  ganglion  (e.  g.,  the  nucleus  candatus,  nucleus  lentiformis,  the  gray  masses 
of  the  claustrum,  etc.)  belonging  properly  to  the  cerebrum,  we  shall  pass  over 
them  here  and  in  this  chapter  shall  consider  first  the  motor  and  sensory  areas  of 
the  cortex,  and  then  take  up  the  psycho-physical  functions  of  the  cerebrum. 


FIRST   SECTION 
THE  MOTOR  AND  SENSORY  AREAS  OF  THE  CORTEX 


psc 


con 


%  1.    THE  MOTOR  AREAS 

.     A.   GENERAL  SURVEY 

The  results  of  Fritsch  and  Hitzig  to  which  we  have  referred  on  the  pre- 
ceding page  were  as  follows:   Xo  movements  were  obtained  by  stimulation 

of  the  posterior  part  of  the  cere- 
bral cortex  with  weak  electric  cur- 
rents. But  when  the  current  was 
applied  to  the  anterior  part,  move- 
ments appeared  on  the  opposite  side 
of  the  body.  With  a  weak  stimulus 
the  effect  was  confined  to  certain 
sharply  defined  groups  of  muscles. 
With  a  stronger  stimulus  the  move- 
ments appeared  also  in  other  groups 
on  the  same  side   (cf.  Fig.  282). 

With  rapidly  repeated  induction 
shocks  applied  to  the  different 
points,  the  appropriate  rau!?cles 
could  be  thrown  into  tetanus.  Con- 
tinued for  several  seconds,  this  form 
of  stimulus  produced  a  persistent 
tetanus  which  might  spread  to  all 
parts  of  the  body  (cortical  epilepsy, 
cf.  below,  page  641). 

The  first  question  suggested  by 
these  observations  is,  what  part  of 
the  cerebrum  is  the  part  primarily 
stimulated  by  the  current — the  cor- 
tex, the  underlying  white  matter,  or 


Fig.  282. — Dorsal  surface  ot  the  dog'a  brain, 
with  the  cxcitaliuti  points  indiratcil  according 
to  Fritsch  and  Hitzig.  a,  neck  muscles;  +, 
extensors  and  adductors  of  the  foreleg;  +, 
flexion  and  rotation  of  the  foreleg;  t,  hindle(t; 
'.',  face;  Scr,  sulcus  cniciatua;  ASCI,  anterior 
sigmoid  K.vrus:  PSG,  posterior  sigmoid  gyrus; 
COR,  coronary  gj-rua;  cor,  coronarj"  fissure; 
/,  //,  ///,  IV,  first  to  fourth  external  con- 
volutions. 


the  deeper  parts  of  the  brain  ? 
Tlie  answer  is  unanimous,  that  the  cortex  represents  the  immediate  point 
of  attack.    The  following  are  among  the  most  important  experimental  proofs 
of  this  proposition; 


Pia.  2SG. — UoLor  ocnfarnl  tocKti*a(inin  in   Ihe  mnnkry  {itaaicu*  tinicvM),  atUa  UorUBy  mhd 
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thus  the  loTvcr  pari  nf  llic  two  cenlral  ponvnlution.-;  in  ivlatpil  to  llie  m 
tiirc  of  Ihc  FacT'.  Iltt<  miUdIt'  part  lo  that  of  xhe  ftntorinr  c*xtn-inity.  and 
ii|>[wr  part  to  llif  musics  <>t  tlic  piwlcrinr  cTiln'rnilv.     On  IIm*  v«tv  rtljje  if 
tiemirtpliiTi!  JM  Hii  ari-n  for  tlu'  uinvomimt*  of  Hip  trunk,     Tlmt  portion  "f 
nitilitr  zfiiif  Ivirij:  iniiin'tlialelv  in  fmiit  of  the  iintorinr  coniral  convfiluiiwi 
a<]»pU'4l  for  niovi*iiu'nt.>*  rif  iho  licml  iind  ryes,' 

hi  (lie  jrynis  marjriniilis  nii  (liu  imiliiil  surface  of  the  hntnippliprp  wr  lui 
in  serial  onli-r    fnnai  a»liTi<ir  tn  pi»>*lerlnr  arens   f«r   the    hratl,    (lio  iin/i 
i'Tir^mifij.  tilt*  irnnk'  ami  the  pnaterior  extrrmily. 

On  cfiwrr  inrrsliifatitm  of  tlic  puhject  we  fiinl  llint   within   each  of 
corlical  nrofljt  fr»r  the  prpatrr  ilivisions  nf  thi>  niiiseiilaturv,   a   spw^ialiratii 
]ik«-  that  shown  (liajirainnniticiilly  in   V'l^.  iWT  '  can  I'l*  dPiiiouHtniliNi. 

The   movfiiifnts  oMained   by  cirtifal   sliinuhilion   arc    in    many    res 
similar  to  volunlnry  niovemenln.     As  a  ruk-   ihi-y  n^priwpnl    the   combi 
action  of  wvcrnl  ;;rnupf!  of  niuw-les;  they  are  nfhlom  porformwl  hy  a  £t 
group  and  never  l)_v  a  sin^'le  rmii*cle. 

In  H(inii]liiting  llie  pcn-bral   ciirli-x  of  Ihft  monkey  Sherrin^on  ohaenri 
that  fiimultam-ou^Iy  with  the  conlraclion  uf  certiiin  eye  inuscJcA.   tlie  t«i» 
of  the  II rifn*ioii italic  mii.''i}fs  ilcrroasotl    (cf.  pajri'  f!40).     Till**   tn  l>v  no  m* 
an  isolalt'il  phononifnon,  for  ncfonlinfi  to  further  olwvrvations  by  Hnrinp. 
ftiiil  ShtTririjiIon,  it  appi'iir?  to  \>e  a  ifrn^^rrtl   rule  that   on    Httiiiulatinn  «»: 
(h>liiitt[>  [Kiirit  in  the  cnrti'x.  (imtnu-lion  of  tin-  appropriate  niiix<'1c  is  acc<' 
paniod  by  relaxation  of  il^  anta|:oni8l.     For  example,  on  stirnulntion  nf 
point  in  the  cortex  for  extension  of  the  olhow,  one  p'ts  contraction  of 
tricrpH  Kri>«p  and  tit  the  ^anie  time  rt'laxalion  (if  llic  htrcpft,  or  on  ^tininhil 
of  tlie  point  for  extension  of  the  fingers,  one  gets  contraclion  of  the  exietuorn 
awl  relaxation  of  the  fffToren  diyifanim.  etc.     Theso  anthof!*  «jL*clan>  thai 
the  monkey  they  never  observed  Hiniiiliamxiiis  wiiitraetion  of  true  antajr'>oi 
Kueh  as  the  i-xlen-'or  ami  llfx(tr  of  the  (Hi»ow.     The  frmnltano«»u«  ef»n!radii>Bi 
of  antagonifitif  muscles  deserihei!  liy  other  authors  miglil  have  ^M'<!n  dve  nrmtif 
other  thinjjs  lo  diffusion  of  the  stimulus  from  one  cortical   fichl   to  anothf 
lyinji  near  it. 

When  a  i^timuUis  applied  lo  n  ^'tvun  field  in  the  cortex  proilii(v«  mnvrm<«i4 
in  other  iiiuseles  than  tho*e  cnrre^jxinding  strielly  to  that  field,  it  i^  ohser^**! 
that  the  tnuvpmeni  nhrni/n  spreaits  fir^t  to  other  miiwh's  of  the  ^ame  intinber — 
eg.,  contruetions  nf  the  shoulder  inuticic  are  aecnmpanied  by  movements  in 
all  the  niuneles  of  the  anterior  extremity  even  down  to  the  finp>rR.  ff  ibf 
initial  eontmetion  lie  in  the  muscle.^  of  the  tliiimb.  the  movemonta  i^pi^il 
farther  and  farther  up  the  arm  lo  the  wrist,  ellMiwr  anr]  sli<nd(Ier. 

'I'he  conlrihuttoQs  of  Beevor  and  Horolcy  on  the  motor  zone  of  the  oram^^ 

'  ArmrdJnfT  to  HtwhlflrRw,  enntmrtionH  nf  che  brow,  clnmn*  of  the  lida,  and  moveoseati 
of  live  Piir  arp  also  nbtiiinDd  frmn  this  fmrt  of  the  cnrtcx. 

*  Artrnrding  to  H.  Munk,  the  oortical  urea  (or  the  muHculatitiv  of  the  trunk  lie*  in  ilv 
frontal  lobe. 

■  For  Ihr  tutke  of  simplii-ily,  the  difforent  lipids  in  llii.t  fieiiirc  have  been  rrprc-j«^it«d  m 
if  thoy  wciv  Hharply  diiliiict  from  one  another,  whrrotut  in  nmlily  llierp  arr  mi  ilary 
ImiiniUrieH  ilenionHtraliltr.  f ither  liclwcen  thf  unnller  nmm  or  ibv  laritnr  Arcivt.  Uue  faU 
always  pafMM  jjadually  into  the  other- 
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outnnrf,  ond  those  nf  SliPirinjrlnn  and  (ircpobamn  on  the  nrntuj-nuiang.  gorilla 
mil]  ihu  rhimpunzfe.  jin*  of  very  grt-at  inlerest  [Wirtly  l)ecau«e  tlieive  unthrojM)id 
apo-*  ^liind  clnstst  in  tht'  scale  to  man  Ivimnelf,  And  partly  for  Ihc  special 
ivat^Dii  tliut  u  furtliur  prngrcssive  (Icvuiopiiieiit  of  tlii^  vmi;  from  tht;  monkeys 
to  the  highLint  apex  U  therein  uiunieitakably  dt'mon^t rated.  The  fatt  of  this 
devi;h»pMU'nt  loaohes  ns  in  ttie  ctearcsi  pi>it,Hihle  iminner  how  carefid  o'o  must 
hi-  ill  iipplyin^  the  reii^uUi:  tilitniuttl  frotii  otlii>r  unniiaU  lo  man  liimM.''lf. 

The  jn'npi-al  di*'ision  nf  the  nintor  zone  as  it  has  heen  oiade  mil  in  Ihe 
motikey.s  in  llie  same  in  il*t  lar>^*r  fi-arurtw  for  Ihi;  apes.     Tlieru  are  however 
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Flo.  287. — Motor  curtiml  smui  In  lla*  ioonk*y  (MatatHM  mniraa),  ■/Irr  ftwvwr  wxl  llondejr, 

sevL-ral  wry  noteworthy  dilTerencui  between  the  two  gmiipii.  In  tlie  monkey* 
(ef.  Pig.  ^85)  wv  And  on  the  convex  surfaces,  both  on  the  central  and  the 
fronlitl  eonvohition.s,  ^ijngle  oxeilahte  rcf?iont>  from  which  tieveral  kind^  of 
mnvi-mentN  ran  tie  di«'hnr(fwl.  In  th4'  njies  («-f.  Ki^.  288)  the  region  on  the 
fnininl  ittnvolulions  iiiiilainr^  Itiit  one  tii>Id  fmni  which  only  movements  of 
the  vyvs  i-ati  bf  induL-ed.  The  posterior  eorilml  convohitiun  is  entirely  or  in 
very  lar^  ]>url  ine.tcitaUle.  the  motor  cortical  areait  Iwinj;  for  the  mmt  part 
frathorcd  tojiether  in  (he  anterior  e<'n1r«I  convolution.  ApHin.  wlien'a?!  in  the 
monkeys  there  are  no  i^harp  drmarmtions  between  the  cortical  areas  for 
tiiffrrfni  tjroupn  of  nuiiwle*,  in  Itie  onmff-outaag  the  rfirtica!  ared?<  for  thu 
main  diviiiinni)  of  the  iMxiy  arc  separated  hy  regions  which  are  ineieilBWe. 
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Whili-  (III!  inoUtion  of  smaller  areas  within  auy  larger  area,  as  of  the  arm 
the  leg.  U  tWit  hi  msirkiii  us  lliis  l(Kalizrtti^)n  *if  group  arons.  it  is  nevi-iiifl... 
iiiiU'li  Kliiirper  tlmn  h.  '\r.  in  llio  rruink^VH;  for  whon  oontranticm  13  indiitYtl  ni 
stiinulaticm  of  a  dtiiiiite  putiit.  il  is  as  a  nile  conlined  to  one  di'liniUr  srxu 
of  imuwles  and  clews  not  «proad  a»  in  the  monkeys  to  all  or  most  of  the  ijiuki" 
of  the  --Jivme  momher. 

For  [uti-p(nsi'!i  (if  diagnoj^ifi  the  exposfd  cerrbral  vortex  of  ntjin  ( Fi|P-  ^'* 
and  yiMi)  hn*  in  rare  caaes  heeii  litimiilntcd  cleolrically.  and  results  bnvo  hr<m 
obtaini'd  whirli  in  frwu-nil  aj/rw  with  uhwrvatioiis  bawni  on  (rorlicnl  Ieii«iis 
as  well  as  with  tim  al)i)vo-di*s[Tii)ed  ivsulls  on  the  manlike  apes.     Tlie  ma'.'t 

•  T-«     JlfiU3  i  Vagina 
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Via.  38B. — The  motor  corileal  uvus  of  th*  chimp»n>«>.  after  SHiMriniri'm  wiH  (Im-ntimim. 

(iXtMit  iif  thn  Tiinlor  xnnf>  i<  iiiilirntnt  in  hlikfk.      The  ml  ai^mii  inilirat«>  llii*  n>itioa  in  «t 
tlic  NpwuU  nrenii  aru  to  be  found. 


mrtii-a!  zoiio  of  tnnn  jirobahly  consists  tlHTL'fore  of  the  ontrrior  rentraJ 
voluiion,  the  piMlc-rinr  part   cit  the  frontni  ton tolu Horn  and  the  parnrfntt 
hbuie.     Wilhin  lliifj  Jiono  \\\v  ureas  ffir  latfnil  niovcmriil.-;  of  the  ht?ad 
eyes  are  localt'd  in  llie  fitusterior  part  of  llie  secoud  frontal  t-mivohitinn ;  I| 
face  mujioiilutiiro  is  rcpi-esciitcd  in  the  lower  part  of  the  anterior  eeutml  i"« 
volution,  thf!  niuscle*  of  the  upper  extremity  in  the  middle  jMirl.  and   the 
of  the  lower  cxtreniily  in  (lie  npper  part.     The  paraeptitral  lohnle   in  t-ae 
heniifphero  (Fij;.  21HI)  Mn-ms  lo  be  asHociatwd  with  both  opposite  e.\tn*rniti* 
Ahove  the  ciirliriil  an-a  for  the  up|>er  eitremity  is  found  the  area   for  the 
mmculatnit'  of  tin*  trunk. 

It  is  prohahly  not,  too  much  to  suppofv  that  the  smaller  arees  within  each 
of  Iheiw  larger  aruaa  have  the  same  general  amuigemcnt  a«  hare  tlio 
llie  ape«. 


Si^ 


Flo.  290. — Dikgnun  of  the  inUnud  nirfaoe  of  lliv  ri^lit  n-rrbraJ  tiemi«pticrr  oS  vtmu,  after  E«ker. 
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C.    DIRECT  ASD  CROSSED  EFFECTS  OF  STIMULATIOIf   OF   THE  HOT(» 

CORTICAL  AREAS 

Aa  already  iiotwl  at  pagt?  (JU2,  lliu  iiiovoments  iiidiKH-Hl  l>y  stimulation  of 
the  cereliral  cortex  occur  mainly  in  the  opposite  half  of  the  body.  But  movp- 
ments  can  \x  obtained  also  in  the  muscles  of  the  same  side.  Of  these  bUatmi 
movements  some  can  be  obtained  even  with  a  very  weak  stimulus.  With  the 
great  majority  of  muscle  groups,  however,  the  movements  on  the  same  side 
can  only  be  induced  with  relatively  strong  stimuli. 

The  eye  movements  are  to  be  classed  as  bilateral  movements  since  stimnla- 
tion  of  one  hemisphere  causes  both  eyes  to  be  rotated  toward  the  oppojiit.' 
side.  But  the  bilaterality  in  this  case  is  only  an  apparent  one;  for  the  internal 
rectus  of  one  eye  contracts  at  the  same  time  as  the  external  rectus  of  Ihe 
other.  Inhibition  of  the  antagonistic  muscle  is  also  an  important  factnr. 
When  all  the  nervcA  except  the  abducens  to  the  eye  muscles  of  one  side,  mt 
the  left,  are  cut  in  the  monkey,  the  left  eye  naturally  is  deflected  to  the  left, 
because  the  tonus  has  been  destroyed  in  all  but  the  external  rectus  nnisrle. 
But  if  movement  of  the  cyvti^  to  the  right  is  then  induced  by  ai»propnate 
stimulation  of  the  cerebral  cortex,  the  left  eye  will  turn  back  to  the  right 
as  far  as  the  median  line  even  though  the  internal  rectus  has  b(>cn  paralyzt^ 
That  is,  tiie  stimulation  has  caused  the  tonus  of  the  left  external  rectus  tn 
be  intermitted.  .Since  this  experiment  succeeds  also  when  the  corona  radiata. 
the  infernal  cajjsulc,  etc..  are  stimulated,  the  inhibition  in  question  must  be 
started  from  some  t-enter  below  the  cortex  (Sherrington,  cf.  pa^e  ()3(i). 

The  action  induced  in  the  face  muscles  is  really  bilateral,  although  those  of 
the  fipjiositc  side  contract  the  more  powerfully.  This  is  true  of  the  buccinator 
as  well  as  (if  the  muscles  of  the  tongue  and  vocal  cords. 

With  regard  to  other  musirular  contructioiis  induced  from  the  same  side  o{ 
the  brain,  it  is  to  be  roinarked:  (1)  thnt  their  latent  period  is  lonpor  than  that 
of  mu.-^cies  on  the  opposite  side  (Fnmek  and  Pitrt's);  (2)  that  thc.v  requirv  a 
stroiiKor  stiiiiuhis;  and  (•'!)  tbiit  the  muscles  of  tbe  same  side  <if  tlie  body  never 
make  coiirdinatcd  movements  as  do  those  of  the  opposite  side,  but  show  instead  s 
toiii<'  coiitriictioii  iiiori'  or  lews  like  an  exteiuic<I  tetanus. 

We  sec  therefore  that  considerable  differences  exist  between  the  inovenientj' 
of  the  same  and  ()f  ihe  op|)osite  side.  and.  as  Ootch  and  IlorsJev  esj>eciallv 
have  emphasized,  it  is  proliably  to  be  assumed  liiat  the  muscles  of  the  s-ime 
side  arc  not   sr>  iirtiiicdialely  dej)endent  upon  the  cortical  areas  as  are  those 

of  the  opposite  side. 

It  is  eonccividilc  tluit  tbe  excitation  is  cimveyed  to  the  mus(des  of  the  same 
side  b.v  first  crossiiitr  in  tlic  brain  to  the  corrcsiinndinfr  motor  areas  of  Ihe  o|>[v>- 
sile  br>niispli('re.  Hut  if  this  be  the  case,  it  is  not  tbe  oidy  cojirse  the  exeitatifii 
can  take,  for  mnlriielioiis  mi  the  same  .«idr  have  be<'n  obtained  by  a  number  "i 
nnlhors  even  after  the  removal  of  these  opposite  areas,  or  of  the  entire  opposite 
hemisphere. 

The  ernssiiifT  tberefore  must  take  plaee  in  the  lower  renters.  T.e\vasehew 
ol.liiined  Kinvciiieiifs  in  ilic  left  bind  le^  by  stiimilatinjr  the  left  hemisphere 
after  licrui-eetioTi  ■>f  ibc  s|iiiial  ennl  nii  the  left  side.  Ill  this  case  tbe  ex<'ita- 
timi  bad  er"--ed  m  llii'  rit-'lit  side  of  the  enrd  and  had  crossetl  back  acain 
below  tlic  level  of  the  section  (twelfth  thoracic  segment)  to  the  left  half.    But 


THK  M(yrOR   AREAS 


541 


thia  ttnpfl  lint  tr-acli  US  anytliinn  dcfinile  as  to  the  port  of  the  cnttral  norrous 
system  in  whirh  the  ctliinulii^  lirniichr-s  *>ff  fmm  .iic-  maiti  path  It)  n*ncli  tniii^rlftt 
of  lli<>  saiue  khIc.  It  in  pniltablt*  ihnt  thifl  place  in  to  be  MXtght  ntiiKitg  the  gny 
ma>tM-«  (jf  llie  brHiii-tttirm,  As  Onlch  ami  Jlomlcy  BiiprKest,  the  cor«*bclluin  mi^ht 
hiivc-  u  luriTc  Bhare  in  thia  distribution  of  impulses  frum  thL'  otTt-brucn. 

D.    THE  COHHISSDRES   BETWEEN   THE   CORTICAL   AREAS  OF  THE  TWO 

HEMISPHERES 

Cine  would  ouppose  n  priori  tliut  IIh-  fnrpus  cnllnsum,  the  great  commissure 
bimhnjr  tDgcther  the  two  hemispheres,  musi  be  of  very  great  physiological 
inipnplniKT';  and.  in  fftct,  (ho  most  far-reaching  hypothe-sefi  have  Ne<>n  oreoted 
on  iliiM  wup|)0!*ition.  But  the  repults  of  actual  experJmeiiL-i  ilesigniHl  1o  Ihrow 
light  nn  the  purpose  of  this  part  are  very  meager.  Several  anlhr>rK  (l^mgel, 
Mngi'iittic.  Fifniri'ns.  I'ninc-k.  Ferrier,  Knmnyi  and  ollirrs)  havo  foiiml  that 
HepiirHlion  nf  the  two  hemispheres  by  a  cnmplete  sagittfll  fwction  through  the 
corpus  ciiHnstim  |>r'Mluces  no  effect  on  the  Imlmvior  of  the  animal  (rabbit, 
iltig)  provided  tile  hemisphere*  lie  left  entirely  nninjured.  I.*sinnR  of  the 
corpus  callmsum  a]j*o  pnMlnre  no  permanent  effeel  (Wernicke).  The  neces- 
sary eoriiMTftlinn  b('twet,'n  the  two  ht-mii-phereji  in  tho  fimcti«na  of  llie  brain 
is  llierefiiiv  nut  brnughl  altont  by  the  cor|)»H  cnlloKum. 

Tlif  lilierw  rtiiiniiit.'  in  the  cor[)us  eallosium  fn>in  one  motor  zone  to  the 
other  wlien  slimuialed  fmm  the  iipiter  surface  of  that  Imdy  (except  rostrum 
nntl  the  ttplcuium)  pTtnluce  bilateral  mt)«cular  moTcmeuU.  Applying  the 
stimulus  ju*t  behind  the  anterior  genu  gii-e*-  movement  of  the  he^ad  and  eyes; 
applying  it  farther  prifiteriorly  we  get  in  wrial  order;  movemenU  of  tlie  l«*o 
anus  at  the  shoulder  joint-,  luid  of  the  ujtptT  half  r>f  the  trunk;  movements 
of  (lie  foreann,  bnndjt  and  fingers;  movements  of  (he  i»osterior  half  of  the 
trunk  and  »f  llie  tail:  movemenlji  of  the  posterior  extremities.  Xo  move* 
merits  of  Hu*  face  nmnclcs  haw  been  obtained.  It  was  only  very  rarely  that 
the  movementf>  were  so  isolated  nml  so  sharply  localized  as  with  stimulation 
of  the  cortex. 

After  extirpation  of  the  motor  zone  on  one  side,  the  rnovemenl*  are  nni- 
lateral ;  they  are  indmitl  tiicn'fore  with  the  help  of  the  motor  zone.  When 
the  corpus  callo^um  is  p^limulnliHi  after  sagiltal  section  and  after  extirpntion 
of  one  hemisphere,  unilateral  movements  iin'  obtained  on  the  side  from  which 
Ihe  bemisplicre  has  been  removed.  The  excitation  nrouscd  by  stimulating 
ihe  RbiTK  of  the  corpus  calloRum  pusses  therefore  to  |>oth  motor  regions  and 
Ihenee  is  propagatni  in  the  usual  way  to  the  nnclei  of  ibe  motor  nerves 
(Molt  and  Schufer). 

For  the  cffiN'ts  iif  •UTtiontii^  the  corpus  ealloeum  in  casra  of  lefiion  of  Ihe 

cerebral  cortex,  sec  page  Md. 


E.   CORTICAL  EPILEPSY 

It  ma  obwrved  by  Frilseb  ami  llitxig  in  tbcir  early  work  on  Ibis  sub* 
ject  that  by  continuous  stimulation  of  the  cerebral  corlex  of  mammals,  eramp' 
likf  rontradions  can  bo  proilaccd  which  do  not  remain  confined  In  ibe  set 
of  muscles  a^^sociali.^  with  the  area  stimulated,  but  may  extend  to  all  ttie 
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C.    DIRECT  AND  CROSSED  EFFECTS  OF  STIMULATION  OF  THE  MOTOR 

CORTICAL  AREAS 

As  already  noted  at  page  (i32,  the  movements  induatl  by  (Stimulation  of 
the  cerebral  eortex  occur  mainly  in  the  opposite  half  of  the  body.  But  move- 
ments can  be  obtained  also  in  the  muscles  of  the  same  side.  Of  these  bilateral 
movements  some  can  be  obtained  even  with  a  very  weak  stimulus.  With  the 
great  majority  of  muscle  groups,  however,  the  movements  on  the  same  side 
can  only  be  induced  with  relatively  strong  stimuli. 

The  eye  viovetnents  are  to  be  classed  as  bilateral  movements  since  stimida- 
tion  of  one  hemisphere  causes  both  eyes  to  he  rotated  toward  the  opposite 
side.  But  the  bilaterality  in  this  case  is  only  an  apparent  one;  for  the  internal 
rectus  of  one  eye  contracts  at  the  same  time  as  the  external  rectus  of  the 
other.  Inhibition  of  the  antagonistic  muscle  is  also  an  important  factor. 
When  all  the  nerves  except  the  abducens  to  the  eye  muscles  of  one  side,  say 
the  left,  are  cut  in  the  monkey,  the  left  eye  naturally  is  deflected  to  the  left, 
becau.'*  the  tonus  has  been  destroyed  in  all  hut  the  external  rectus  muscle. 
But  if  movement  of  the  eyes  to  the  right  is  then  induced  by  appropriate 
stimulation  of  the  cerebral  cortex,  the  left  eye  will  turn  back  to  the  right 
as  far  as  the  median  line  even  though  the  internal  rectus  has  been  paraKvA-d. 
Tliat  is,  the  stimulation  has  caused  the  tonus  of  the  left  external  rectus  tn 
bo  intermitted.  Since  this  experiment  succeeds  also  when  the  corona  radiata, 
the  internal  capsule,  etc.,  are  stimulated,  the  inhibition  in  question  must  be 
started  from  some  center  below  the  cortex  (Sherrington,  cf.  page  (>3(i). 

The  action  induced  in  the  face  muscles  is  reall,y  bilateral,  although  those  of 
the  opposite  side  contract  the  more  powerfully.  This  is  true  of  the  buccinator 
as  well  as  of  the  muscles  of  the  tongue  and  vocal  cords. 

With  rt'Biird  to  other  museuiar  contractions  induced  from  the  same  side  of 
the  brain,  it  is  to  be  remarked:  (1)  that  their  latent  period  is  lonpr^T  than  that 
of  muscles  on  the  opposite  side  (Franck  and  Pitrcs);  (2)  that  they  require  a 
stronprr  stiniuhis;  and  (;i)  that  the  muscles  of  the  same  side  of  the  btniy  never 
maki-  coiirdinnted  movements  os  do  those  of  the  opposite  side,  but  show  instead  a 
tonic  contraction  more  or  le.ss  like  an  extended  tetanus. 

We  see  tlierefore  that  considerable  differences  exist  between  the  movements 
of  the  same  and  of  the  opposite  side.  and.  as  Gotch  and  liorsley  cs^pecially 
have  emphasized,  it  is  probably  to  l)e  assumed  that  the  muscles  of  the  same 
side  arc  not  so  immediately  dependent  upon  the  cortical  areas  as  are  those 
of  the  opposite  side. 

It  is  conceivable  that  the  excitation  is  conveyed  to  the  muscles  of  the  same 
side  by  first  erossiiifr  in  the  brain  to  the  corresponding  motor  areas  of  the  oppo- 
site liemispberc.  But  if  this  be  the  case,  it  is  not  the  only  course  the  excitation 
can  take,  for  cnntnietions  on  the  same  side  have  been  obtained  b,v  a  number  of 
authors  even  after  the  removal  of  these  opposite  areas,  or  of  the  entire  opposite 
hemisphere. 

The  crossing  therefore  must  take  place  in  the  lower  centers,  Trf'waschcff 
nbtiiincd  movements  in  the  left  hind  leg  by  stimulating  the  left  hemisphere 
after  hcini-^ection  of  the  ^;piniil  cord  on  the  left  side.  In  this  case  the  excita- 
tion bad  crossed  to  the  right  side  of  the  cord  and  had  crossed  back  again 
below  the  level  of  the  section  (twelfth  thoracic  segment)  to  the  left  half.    But 
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Sinoe  the  exciUtion  in  cortical  fpilepAf  Rpreadsi  to  different  mtude  frroupB 
jwt  (be  RUtne  after  vxtirpution  of  ibu  motor  »)n^  ou  ttu;  uppoeiitv  vule  fmm  the 
one  HiimuIiiliHl,  Aiid  hiuoo  a  eiittrlt-  yr^'UI)  <jf  iiiu?t(-l4>K  it^  luil  abntilvt-t)  f  ruin  llu*  cfftt't 
hy  ^xlirpntion  of  it«  own  pirtinilnr  field  in  the  mrtrx  vhcn  the  HtiTniiliiH  k  appH^il 
to  another,  it  in  probable  that  the  aptufti  irrftdialioii  lattci*  plnee  ihroiijtli  the 
nicdinlion  <>F  aulM'ortinil  ceuterH.  Tliitt  io  borne  out  aliH>  by  iW  fnct  that  uiiec  nn 
ultatrk  h  wvll  ndTnneed  extirpation  of  the  motor  zouu  6ov»  uut  8(o[>  it. 


F.   SUPPRE^IOIf  OF  THE  MOTOR  CORTICAL  FIELDS 

As  tlie  ol)i*ervalioTi(i  given  m  the  prett^ilinf!  c'hH|itiT  have  rihown,  (lio  entiro 
c«n>ttruiit  can  Ik-  ryrnovwl  uot  only  from  llie  lowt-r  verl^brstPn  but  from  tlio 
rabbit  mid  dog  an  well,  without  destroying  the  ability  of  the  animal  lo  eirrry 
out  coonlinated  moTomcntfi  at  locomotion.  ThiJt  proves  at  once  that  in  thwe 
nnimiils  llu-  motor  n>j;ions  of  the  ren>bni1  cortex  an*  nnt  indispensable  for 
iiiuvi-nientji  of  ihiti  kiml.  HnweviT.  in  the  dwvrchmteti  ih^  there  wen?  notiee- 
able  dii>turbuitceii  iu  motion,  which  iiii^ht  not  have  heeii  eniisei)  by  removal 
of  the  motor  region  alone  but  aUo  by  the  nh:«'nee  of  other  parts  of  the  cere- 
brum. Ill  order  lo  tt^tabliith  the  phyfioloyiml  xmporUtnre  u(  the  motor  arms, 
it  is  necesftary  therefore  to  study  the  behavior  of  anininl.t  from  whieh  these 
fields  only  have  been  extirpatit). 

Wheu  the  motor  fields  of  one  hemisphere  have  been  completely  or  mainly 
removeil  fMm  a  (log.  for  a  time  immediately  following  the  operation  there 
is  a  niorv  «r  lew  pnifound  disturbaiiee  in  the  movementj*  of  the  opposite  side; 
hut  tliis  effect  is  only  temporari'.  The  animal  gmdualty  recovers  Its  nhilitv 
to  move  the  opposite  rnURcles.  and  lifter  some  time  the  motor  defects  liocome 
quite  minimal.  A  dog  from  which  Goltz  removed  the  left  hemisphere  became 
"Billy";  he  was  not  so  lively  as  before;  did  not  play  with  other  dogs.  etc. 
Btit  none  of  his  nnisclcfi  were  entirely  parnlm'd.  When  he  was*  called  he 
came  wagging  his  tail  and  let  himself  bo  stroked.  When  one  »1arte<l  to  go 
the  dog  fidlowwj.  He  fought  off  other  dogs  that  displeased  him.  lie  hold 
a  pieee  of  bread  just  as  skillfnHy  as  a  ur>rmal  dog.  hut  did  not  liold  a  bone 
so  well  with  line  opposite  foot  (ihc  right)  as  with  the  oth^er.  He  could  Rtand 
lip  on  his  hind  legs,  although  the  right  leg  was  somewhat  weak.  Hf  ran 
here  and  there  of  hia  own  accord,  hot  turned  oftener  to  the  left  than  t«  the 
right    He  could  turn  to  the  right,  though  less  skillfully  and  less  qutekly. 

It  is  therefore  unquestionably  true  that  a  ilog  which  hn.^  lost  the  motor 
7.one  of  one  .-tide  can  still  move  those  muscles  which  respond  to  stimulation 
of  that  cortical  zone.  It  has  been  suppna^cd  that  such  nn  animal  could  not 
]K'rforni  intenttonat  mot^'menlx  with  thes*  muscles.  But  this  view  is  con- 
troverted by  the  following  observations  on  n  dog  whoae  entire  cerebral  cortex 
«n  the  left  side  had  been  removed. 

A  bowl  was  plawd  hefun'  the  animal  oontaininfr  bit«  of  meat  scattered  in 
Bome  coarse  grarel.  Tn  scratchinR  f<ir  the  meal  be  used  htB  left  fore  paw.  But 
when  rhi.t  one  was  held  faM  he  immedialeljr  mode  tho  same  movement  with  the 
riKhl  foiT  paw-  ((Jidtx), 

In  u  wt'll-iraiucd  doft  Oaule  trimmed  off  on  both  fides  all  the  cortex  vrlnch 
vuuld  be  vinihly  excited  with  a  weak  <iinslaiit  current.  After  the  usual  plieiiom- 
ena  of  paroljrBis  bad  posaed  off.  Uaule  Irainnl  th?  dtJff  aKain  and  wan  able 
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teach  liim  a  whole  Bpries  of  rnmnliraioH  mnvcmcnie  which  ^avp  rritl^nw  cS  ti| 
inlc-lliBiMice,  TTowcvi-r,  he  nhowwl  also  ii  nniswlfriiblp  number  of  t^ibtur 
of  the  inntiir  EnK'liaiii'iniA.  Hiiii'itfi;  which  ina.v  Vie  mi'titioiieti  c^jtrciall.v  hi* 
ability  (o  pt-rform  isolalcd  movornvnte  with  on].v  MJie  extrumil.v.  Itrsides.  Ui 
movements  wcw  cxtrt^siivic  nnd  were  t\tnw  with  a  waste  of  eni'rjr.v ;  oiid  ihM»i» 
no  pri>|iiT  ^nHhitiot)  of  thrin — c.  \!.,  in  urdcr  In  extend  his  puw.  hp  wns  romprlU 
Brat  to  *\t  upriKht  mid  l.heu  to  giv(>  both  pawn  at  the  same  time  in  • 
sudden  and  explosive  manner. 

■From  tlipsfi  and  other  oxperimonts  nf  the  kind  it  appears  that  th*-  ran* 
m«nU  of  the  dog,  including  those  which  must  fje  rcjiarded  as  iutfiilintml  and 
conscious,  cnn  he  cnrripd  out  without  the  coiipcralion  of  Ihe  motor  anv; 
hut  tha[  on  t^l{•  oLhrr  liaiid.  tin'  /itier  regukiiiun  of  IftPsp  rnovemrnh  'n  tat 
iliu  inosl  [lurl  deslrovwi  by  fxtirpatinn  of  iho  corrci^pondin^  ari*a^.  It  wooli. 
follow  Ihnt  in  tlic  dog  the  molor  cortical  areas  are  really  ncocssanr  onir 
\)w.  nii'cr  nyulntion  of  movements. 

Hornlev  and  Schrtf«r  nbscrvod  the  following  phenomena  aflcn*  cxtirpati<n 
of  ihe  corliciil  art'iit^  fmiii  llic  monkey  {Macacwt).  If  (lie  wimie  oxcit 
region  on  the  couvux  siile  of  the  lienii-jihere  were  extirpated  and  only 
median  cortical  region  left,  there  wa-s  exhibited  an  nlinnst  complete  psnl*) 
of  tlic  op])osile  arm.  paralysis  of  the  facial  miipck's.  weakness  in  the  ini 
of  tln'  [lOsti-rior  rxlnmiities.  nnd  a  greater  or  Ioa-j  dilVMully  in  rnnving  tbe 
hcaii  lowanl  I  in?  opposite  (sidc.  The  miiJiclw  or  the  trnnk  wero  tiiialTw1«^l 
and  Ihi.'  WL'akiK-»»i  in  the  posterior  extremily  was  not  so  great  that  thy  animil 
could  not  use  it  in  walking  nnd  climbing. 

\Vlnm  only  a  part  oT  the  excitable  region  on  the  ronvex  ttnrface  of  iH 
he-mispheri'  was  de,-*lrnyed — e.g.,  the  field  for  the  wrist  and  fiii^i-rs — -«  pornui- 
nenl  weakness  ji|)pearcd  in  these  rnusoles  while  Ihe  other  nui.iclo-jf  wore  mm- 
able  in  a  jicrfeetly  iioriiial  fittihion.  In  the  sanic  way  destrMction  nf  ihr 
cortical  field  of  the  arm  produced  paralynin  nf  the  arm  without  anv  diniiirii- 
aiice  In  the  movcnients  of  the  face.  head,  trunk  or  [MK-*terior  exttvinitv.  When 
t]it'  de«lrnction  nf  Ihe  field  was  cornplete,  paralysis  of  the  C!(>m*.<pnndirti: 
mu!*t'le.s  a]ipenred  In  Ik^  permanent.  Kut  when  a  part  of  the  field  was  left 
behind  the  ability  to  move  the  parts  returned  to  a  certain  extent. 

The  coiiji(*i)«onipea  of  destroying  the  motor  region  on  the  uiftUal  aidf  vt 
worthy  of  nute.  Following  hilntcral  destruction  of  Ihis  n-jrion  then."  wt* 
complete  paralysis  of  the  mu±>elutt  of  tho  trunk,  a  certain  weakiUM.s  in  tho 
of  the  arms  and  a  Tcry  CTtenitive  paralyniii  in  the  mnsclw  of  the  pntiter^ 
exlreniilics.  The  weakness  in  the  anns  involved  mainly  certain  shouldc 
nmoeles,  es|>eeially  those  wliich  draw  tlie  »;|ii)Ldder  blade  upward  a^id  hiirll 
ward;  it  wa«  less  marked  in  the  muselea  of  the  arm  and  forearm,  and  ccomi 
or  not  flt  all  noticeable  in  the  finger  muscles.  Parnlyiis  of  tlw;  posi^rid 
extn*niities  extended  to  almost  all  llic  Tnuj»clps.  only  a  few  Hexora  of  the  hi 
joint  being  exempt. 

By  practice  the  monkey,  liko  lite  dog.  can  acquire  the  use  of   tn\ac\ 
oorresjioMding  to  the  exlirpatdl  cortical  fields;  can   learn,   in   oilier 
to  execute  intfnlional  ntovemrnh  with   iheni. 

Herins,  Jr„  found  that  the  eiirtical  tit'hlR,  ehi'lrieal  stimiilalion  of  vhk 
gBvi'  moreRieut.s  of  the  forearm,  including  {^ra^tplng  mnvomenta.  could  btr  etitii 
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rnnoTed  irithmit  destroying  Xhc  nnimiirei  itbility  to  clone  ihr  tixt  on  tho  opposite 
«i<jp  or  tci  iijM-  tlic  bund  in  iiraitping  obj(?clfi, — ^Sherrington  bus  made  similar  obser- 
vatiiiiis  oil  tilt'  iuit]ir(i]ii)i<|  upv*. 

(loll?.  1)11(1  tin.'  ui>i»irtuiuly  of  tibsorriiiir  for  im-iv  iliim  ten  ymrs  a  monkey  in 
which  ihr  jtmitrr  pnrt  of  the  froiiliil  ami  pRric'tal  InU-s  on  ihi-  U-ft  !>itic  hml  b»Tn 
d«itm>(Vl.  Th\n  tho  motor  region  tif  ibe  l^ft  h^^miRphorp  wii«  f-niirrly  or  nlmoKt 
cutiri'ly  thrown  oul  of  function.  Nov<'rthL'lesJ».  by  practice  ihe  monkey  suowcdM 
in  r^Tovrriiij;  hi-^  nbilily  to  iisp  the  riffht.  arm  ninl  riKht  hund  for  dvfinitc  pur- 
poawi,  \\i'  lonmcci  to  (rrAitp  fruiu  with  ihc  riiiht  hiiin]  mul  to  offer  it  in  (rnvt- 
iiiir,  ftv.  Ill-  (■^mbi  move  nil  of  the  muscles  dirrctly  undiT  mnlrol  of  ihc  will,  hut 
lh&  mviTemc>ntB  of  tbu  right  limbs  n^in«ined  iticomplctf,  cumhrotis  and  awkward. 

After  these  nlwt'n'fltionn  it  scnrpely  ought  to  he  \nnpvr  a.-fi'iiintHl  thnt  jlin 
motor  region  in  the  monkey  i»  of  much  preater  imporlance  than  it  w  in 
the  (log.  It  if*  indpfrl  vcri-  jirohnblo  thnt  thoro  i.i  n  diffcn^nw  in  deprop  be- 
tween Ihr^  iwii.  hut  ciTlrtiriiy  iml  a  difTf'ri'nn'  in  kiii<l. 

Horsle^'  nnd  SflijiferV  ohsi-rvalions  poinL  to  thv  interesting  fnet  that  in 
the  monkey  ihc  motor  cortical  nrcns  on  tho  npjwr  medial  Burfacc  of  the  licmi- 
spherert  nre  conccrnrd  mninly  with  what  we  may  rnl!  fhe  raarser  movrmfnti', 
ihoKO  by  which  Ihe  hody  is  kept  in  its  natural  jwifition  and  moves  it^iclf  from 
place  In  plnee.  The  cortical  areas  on  the  convex  surfaces  of  ihe  heinixpbero 
jire  of  dwideilly  greater  imporlanee  f<ir  the  mure  rrfined  moremenh.  e.g., 
ihow  which  are  e\iviiled  by  tlie  nuiivb-s  of  the  head,  face  and  arms. 

In  order  to  estnbliiih  tho  locnfion  and  influence  of  tho  motor  corlica!  arr^n 
in  the  humnn  hra'm,  we  have  recourse  either  to  excitation  e.\perimpnl>  or  lo 
clinieal  and  ptithological  ntjwrvations.  The  former  evidcntiv  c«n  lierer  \tG 
very  nunicnjus.  anil  nur  knowli'dgi"  of  Ihe  function;*  of  the  human  motor  cfjrlex 
re^Js  mainly  on  clinical  obM-rvations  of  the  efTectj^  of  lesions  in  the  cerebrum. 

It  not  infre(|uently  hap[iens  that  in  (wst-mortem  csaminatlom*  %-ery  ex- 
tensive lesions  of  thf  cerebral  cortex  arc  found,  which  were  not  acconi|winiiii 
in  life  by  any  observable  di.'*ordcr.  Compitatioiu  of  such  caws,  which  wc 
owe  to  Cliareol  and  litres.  Ksm-r.  N*othniigi*I  and  other*  whow  that  tliet* 
ciirlical  lieldit  whicli  have  no  direct  pignificam-e  for  the  bodily  movmiente 
embrace  all  parts  of  the  cortex  with  the  exception  of  thi>  anterior  central 
convolution  inclu^^ivo  of  the  operculum,  l)ie  {MLracentrai  lobule,  and  Ihc  jxik- 
lerior  part  of  the  frontal  convolutions.  But  if  the  leninns  are  found  within 
(lie  |ior(ionR  just  na?ne)j,  n  more  or  lcs«  extensive  di.sturbance  in  the  move- 
ment." of  the  o]>(Kwil(;  half  of  the  IkmIv  is  j«ure  to  have  liccn  ohiserv^l.  flcnoo 
we  can  my  that  the  motor  cortical  Held  in  man  ha«  on  the  whole  the  same 
extent  as  the  cortical  zone  in  the  anthropoid  apes,  and  that  this  eovcra  the 
anlerinr  central  c<>nvolulron  inclusive  of  the  paracvlltral  lobule,  and  the  foot 
of  the  frontal  convolntionfl. 

For  working  out  the  cerebral  localization  in  detail  Ihe  very  »mnH  rurlintl 
le*iotu  are  of  cour^  the  important  one*.  Tlie  more  rv^trielod  the  leniou,  the 
more  limited  will  he  llip  disturbance  of  runccion.  and  of  course  the  more 
iletinitely  can  llie  loraiion  of  a  jiarticular  (ifld  he  decided  upon.  Such  lotiiona 
ha\f  yicldcil  result*  which  agree  ecientially  with  the  corn.w|Hmding  olwerva- 
tions  on  Ihe  brain  of  the  anthropoid  ajies.  and  with  the  excitation  experi- 
mt«ls  on  the  human  brain  iUivlf. 


&46  PHYSIOIXXIT  OF  THE  CEREBRUM 

The  disturbance  in  function  which  makes  its  appearance  after  «  Vm 
in  the  motor  re^on  is  as  a  rule  greater  at  first  thui  later,  owing  do  Wt 
to  some  interference  with  the  circulation  and  to  ahock.  After  this  naiki 
effect  of  the  lesion  has  passed  avay,  as  it  does  within  a  few  days,  the  pnam 
loss  of  function  comes  more  prominently  to  the  fnmt.  Moranenta  of  puti 
connected  with  the  cortical  area  destroyed  can  no  longer  be  executed  atk> 
fore,  and  in  adults  they  are  either  finally  lost  or  are  always  thereafter  exeenttd 
with  abnormal  weakness.  It  is  to  be  observed,  however,  that  even  such  mm- 
mraits  can  continue  to  be  performed  in  association  with  otboB.  Wbesi,  fax 
example,  the  cortical  field  for  the  extension  of  the  right  thumb  i»  catiirij 
destroyed,  the  ability  to  make  sore,  strong  and  precise  extensor  and  abdndr 
movements  with  that  thumb  is  lost ;  but  in  connection  with  the  fi^ngers  it  en 
still  be  used  very  skillfully  in  various  kinds  of  complicated  inovemoits  (i. 
Honokow). 

The  influence  of  the  cerebral  cortex  in  man  on  the  moranents  of  lus  body 
appears  very  clearly  from  the  following  observation.  A  patient  waa  bom  witk 
hemiplegia  on  the  left  side.  When  he  was  taken  to  the  hospital  ae  llie  vrf 
twenty-oine,  his  left  limbs  were  very  much  stunted.  He  could  ^e-alk  wiw^ 
help  of  crutcheB,  but  could  not  lift  his  left  leg  from  the  floor.  On  opening  tte 
skull  it  was  found  that  the  whole  right  hemisphere  of  the  oerebnuo  bad  disav 
peared  and  was  replaced  by  fluid  (L'Allemand). 

In  considering  the  recovery  of  the  miucular  functiong,  we  mu^t  Twar  is 
mind  that  the  extremities  are  represented  not  only  on  the  comex  surfoK  uf 
the  cerebrum,  but  also  on  the  medial  side;  also  that  according  to  ol>---'n  ii^^'iu 
on  monkeys,  it  is  only  the  coarser  movements  that  are  dependent  on  [):<■  :.iiur 
region.  When  therefore  the  lesion  occurs  only  on  the  outer  convex  portion 
of  the  cortex,  it  ia  still  possible  for  the  medi^  portion  to  direct  the  coanv 
movements  of  the  extremities. 

With  lesions  acquired  very  early  in  life,  a  very  considerable  de^Toe  of  rpsri- 
tution  is  possible.  In  one  case  of  defect  of  the  two  right  central  convolntioof 
observed  by  v.  Monakow,  the  patient  at  ten  was  able  to  use  his  left  arm 
(atrophied  though  it  was)  in  the  proper  way,  in  all  possible  sorts  of  manipula- 
tions— e.  g.,  in  playing  ball ;  some  considerable  clumsiness  was  apparent  how- 
ever in  the  use  of  the  left  hand  and  fingers. 

After  a  cortical  lesion  contractures — i.e.,  abnormal,  persistent  contrac- 
tions— gradually  make  their  api>earance  in  the  muscles  of  the  paralyzed  limb& 
Different  hypotheses  have  been  put  forward  concerning  the  caiue  of  these, 
but  their  discussion  here  would  lead  us  too  far  afield.  It  must  suflSce  to 
observe  only  that,  according  to  H.  Munk,  contractures  in  the  monkev  can 
be  prevented,  if,  as  soon  as  the  limbs  affected  begin  to  offer  some  resistance 
to  passive  movements,  they  be  stretched  as  far  as  possible  for  a  few  minutes 
every  day.  The  contractures  are  brought  on  by  the  loss  of  motili^.  Hence 
they  do  not  occur  in  the  case  of  animals  which  move  about  spontaneously 
after  the  operation,  for  the  paralyzed  extremity  can  be  used  in  connection 
with  the  other  extremities  in  walking  even  though  isolated  movements  can- 
not be  executed. 
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G.    THE  COURSE   OF  THE  COBDDCTING    PATHWAYS    FROM    THE    MOTOR 
CORTICAL   FIELDS  TO  THE   IIDCLEI   OF   THE   MOTOR   NERVES 

Tlio  nenrc  imths  which  urigioate  in  tlie  great  pyramiilal  oelU  fif  the  cerebral 
cortex  proccol  Through  the  corona  radiatfi  to  tlic  internal  fap.siile,  tlirou^h  this 
to  the  crus  curt-'hri  and  thfti  continue  Oitttalward  to  the  nuclei  of  origin  of  the 
motor  nen'W,  with  which  they  are  connected.  The  pyramidal  pathways  are 
connertti!  with  iiiiitnr  ncrr*-*)  of  Ihc  r»ppnsitc  side.  The  fibers*  iM'Ionjring  to 
the  cranial  motor  norvis  itaiw  In  Ihc  o|)[Mk<ite  Hiite  in  difTtTeiit  parts  of  the 
brain-s(cm.  white  the  pyrarnidal  Jil>erF*  u-hich  reach  the  spinal  conl  crow  for 
tilt'  most  part  in  the  medulhi  (crossed  pyramidal  tracts),  but  in  part  also  in 
(he  s[iinHl  torj  it.M'lf  (direct  jiyramidal  Iraetii).  AH  thes^e  pathh  degenerate 
after  dt^truclion  of  the  cerebral  cortex  (««  Fig.  Stilt,  page  rt!Hi). 

f'linieal  erid'-nor  hAK  stmwii  fhs(  llicsc  patlm  pass  tbrouKh  ihe  corona  radiata, 
foniiiiitr.  nit  we  mitfht  rxix-ct,  a  iirctt.v  ctmiiiact  bundle.     Jx'^ioTi!*  in  the  corona 


Flo.  W3. — The  motor  Imct  (dark)  »1  vmrfous  Icvcla  of  th«  Inlcnul  Mprale,  kfter  BMnrur  ■m] 

lloraJcV.     /.,  Icntirul»r  nurlnun;  T,  optic  tluilaraiia;  (',  rnudal*?  nuL-lpua;  a,  Bnt«r>or  coianiift- 
•urr;  F,  puttil  ut  juncltoo  uf  tli«  leDlioular  Bud  irBudktp  uucld. 


pruducc  inolnted  panilyses  of  the  face,  arm  or  lev  imiaculBture.  flhowiiiK  that  tlie 
puthH  [inict't'dlnp  from  the  motor  cortical  arras  are  dialinet  from  one  another  also 
ill  their  further  eourne. 

In  thv  interniiii  t^ap^iile  the  |j.vrnini[i»l  ptilbx  am  drawn  cIomt  together,  tke 
di'PiKT  thfj  (TO.  Aceordiiiff  to  Bt>evor  and  llyr^ley,  at  a  hiitli  It^el  they  fill  the 
entire  cnwa  eeetion  of  the  eapttutc  with  the  exception  of  its  roost  anterior  and 
moHt  poxliTior  BrrtionH.  Funht-r  dnwTi  ihey  arc  rpstricted  more  and  more  to  ibe 
]w>sterior  limb  uf  tlie  capsule,  as  may  be  «oen  from  Fis,  2^2. 

The  aoparatc  tmctB  can  \m-  fnirly  »fll  stimulated  in  the  inttnial  oupaulo. 
Somp  n^[nHi«JC8  an-  bibil^-ral  juhI  u»  in  the  caxe  of  not  ovenitrt)n|(  xlimulatioti  of 
ibi-  cortfx;  but  most  nru  unilattTuL  The  bilntvrnl  respouw*  an-:  cvcptimi  of  x\w 
\\\K;  n)i>vcmc'nl8  of  mastication,  awnllowitiir,  adduction  uf  the  vocal  eord<« — all  of 
tlu-m  i>i]ual].v  atntni?  on  both  Kidce;  opt'ning*  and  clnsiiiff  of  the  cyididfl,  prutruaiun 
of  ilip  lipH,  rptrnction  of  the  anfcle  of  the  mouth — all  stron^r  on  the  opposite 
aide;  the  re»t  an*  strictly  unilateral. 

IteKinninK  at  tbf  roont  anterior  part  of  the  capsule  which  can  be  stimulated. 
and  inovintr  the  elM'trode;*  fcnidnally  backward,  the  followinfc  respnnfww  in  the 
nrrlcr  named  arc  obtained  in  the  monkf^ya  (Bc(-Tor  anri  IIor<ili-y') :  op*-ning  of 
llw  «*yididn,  luniint;  the  i'yc«  tn  ibc  njipiMile  mAv,  upenioK  "f  'b«'  Brinh*  (if  the 
in'iuth.  rotntion  of  the  head  and  eye*  lo  Ihe  opposite  side,  rotation  of  the  ht^d 
alone  lo  the  oppofite  side,  uovemeuta  uf  the  tongue,  of  Uie  auffle  of  the  mouth. 
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shoulder,  elbow,  wrist  ami  finirtirs.  llmmb,  trunk,  hip.  foot.  knee,  nnnt  l»*  oi 
4||imI]<t  fix's  (cf.  Fi(t.  2^7).  Thi'  jMiints  iiirii^^tM-iKiiiiK  to  xhe  tiioVL-niitil?  wiifas 
any  Kiix>n  vro»»  K»;timt,  however,  are  nut  Hhar|il>'  di-limilcd.  l>ut  ovt'tU]!  nA 
other. 

Bill  the  pyramidal  tract:*  nrc  not  ihe  nnly  motor  pnthways  from  the  ir»- 
bral  r<irtex.     Acwirding  In  Kolhnmn.  filiation  of  the  pyruiiiidat   pnilit^  a  ■: 
in   ihe  lioj;  causes  no  irsfitntijil   t-lian;:*'   in    llie  oh-rtricAl    stimulation  «^  ■ 
motor  TPgion:  the  molf>r  impiilsps  tin'  ihen  ennveviMl   l>y   Mnnnl'oir'M  I 
(see  pa<,'e  fiitr;).     In  iiinrikevrt  hi>wever  tlie  laltcr  play*  but   aa   UQinip 
rflie  in  liiis  refpW't.  for  after  upelion  of  the  pyramidal  patlt^.  only  mo*- 
of  the  hamt.  fingers  an<l  toes  could  Iw  ohlaitied  by  el«clripal   ittiniulolioii  ^'. 
tlie  n)rtox. 

Kven  rtfl<T  eomplele  Riipprewlon  nf  ill)  thfwe  pathways  in  tlic  mntikrt, 
and  iiotwithslnndin^  Ihe  failure  of  ^iiihi^eiineni  stitnulation  i>f  the  motor  n*!r<«. 
llii'  iii'itur  fvaKti'ms  nf  llm  limbs  were  [int  [lernuinenlly  nbitlislioil.  Irni'iil»»* 
which  rcaeh  th(?  onrd  in  oihrr  fc/ii/x  fim  nlwav"*  prnilure  slifflit  i<i(dAti*<l  iit"''i^ 
Dient!;  of  the  fingerf' ;  indeed,  after  eoinplele  .severance  of  all  the  pallia  of  ih* 
l&trral  find  anterior  columns  of  the  cord  cin  one  i>ide,  a.  rcittitiitioii  toku:  pltr* 
whieh.  nhDe  virry  iniiiitiplet^,  iniikei^  poHriihIe  not  only  a»Ai>cial4.ii  but  imIai*^ 
niovcnient^  a*^  wi-ll.  Tlifn-  are  llK-rcfiire  M-veruI  palhway*-  by  wliicji  llie  wk- 
hrnl  cortex  may  intlm'nue  the  nioveiuciiU  of  the  IkvIv. 


H.    DEVELOPMENT  OF  THE   MOTOR   AREAS  OF  THE    CORTEX 

The  investigalioni'  of  Flechjuig  on  tlie  formation  of  the  mediillnry  itiil»txtuv 
in  th<!  nen-p  palhit  of  the  rentnil  nerrons  system,  have  brnuuht  to  liuhl  ll* 
faot  dial  tlu!  (lyraiiiiilnl  piilht;  in  niim  rwvive  tlieir  niiHlullary  siibs'tanrv  ooly 
at  the  very  end  of  intnuiteriiiie  lif<'.  In  iho  dog  lluwe  -mme  piUlur  are  ool 
provided  with  their  medullury  Huhstanec  until  after  birth. 

In  aennrdnnee  wilh  this  ffiet  tlie  exritahility  of  the  motor  rejrion  in 
do|pi  in  bill  sliKhl,  Ml  mtirh  hi>  l)iut  it  btii  btvn  Milled  li,v  ittiini-  niithMfit  lu  he  al' 
(ipllipr  unnliiif'  iintii   llie   tt-nlh   liay.     Thiw   up|ieiirs   uertainl^r    to    bt-    jnt^^»rnc1 
fur  J'tinc-lh  hjiB  found,  for  cxuiupli.-.  tluil  n»p<ni!-ive  UKiveuieuls  can  Ittr  nbuii 
by  stinuiliitinn  of  tlie  ei^rebrnl  eortcx  in  diips  only  unc  to  twn  days  after  birth' 

Ac-cordinir  Iti  U«r>-.  Ihn  Urst  iiwivwiu-nts  obtBinahle  exhibit  variouH  tioti'vurt 
differeiie<'»  frum  Ibuw,'  of  somedvliat  older  animaU.  They  are  not  fxmQneiJ 
aeparaiD  groups  of  niUMehtt  ns  are  the  Jutler,  but  involve  the  whole  ntii«*rinr 
poslerior  cstn-inily  (if  the  opposite  side:  th*'  dnraiinn  of  tl«'  conlraction  und  t 
latent  perii»d  nre  nNo  imich  longer,  Morti.vcr.  in  very  yung  animnU  thi-  excit 
bility  of  the  cortex  in  easily  denlroyed  by  all  w>rts  of  iujuriis.  nami^iN,  (XtKdiui 
ezpOHiin-,  rli.: 

From  nbout  the  tenth  day  onward  special  areoti  for  the  separate  (rroapo  (^ 
museles  develop  nn  the  eortex.  and  pari  pnnxu  with  this  develnpmenl.  the  rlnn- 
Hon  of  the  coiLtmction  nnd  tlu-  Irneth  of  ibe  latent  period  become  ahortor.  and 
the  resitttanee  of  tJii*  {-iirlcx  li*  fntiuue  also  (rrenter. 

On  the  other  hnnd  it  shoiilil  U>  tibwrvod  that  in  the  (fuinea  pin.  hi  which  t 
pyramidal  paths  receive  their  medullary  gubtttaiire  in  ritero.  the  cortex   h  «■ 
eilable  lieforr-  birth. 

Of  Rrt^at  inlere-4t  alno  is  the  ohaervatinn  mode  by  Herzen  and  nthen  tlkal 
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iwwbnm  piipptrM  from  wliieh  the  motor  n?Kimi  wm  i-xllrpaleil  miffen-d  no  nort 
«jf  motor  disturbance,  ovrn  imnifiilituly  iifur  thii  opi-ratioii.  This  cbwrvnlioii 
teacWit  UH  tliat  at  a  tinir  wlm-ii  the  ['.vraiiiiiiAl  pnth-'t  nrc  iinl  m>mplc>tn  nrmt<itnir»ll.v. 
the  mnUcr  ivftiuii  is  iin.'ap«ble  of  an.v  nppareiit  physioloRiral  funetioii,  whit--h  is 
Imnii-  out.  aho  by  the  fiiol  that  puppit-p  bcRiii  •"  ^upjiorl  tlK-mt^L-lvw  mi  llicir  fetsi 
only  «ft»T  llw?  pyramidal  paths  huvc  rocfiv(.'il  their  medulltiry  tnubi^Cancc. 


g  2.    IHFLUEWCE   OF  THE   CEREBRAL   CORTFX   ON  THE 
VEGETATIVE   PROCESSES   OF   THE    BODY 

In  iliHcuftxiiig  Ihe  iiiiior\-ati<in  i)f  Ihe  dilTerent  \Tgelative  organn  vee  have 
fmm  time  to  lime  called  attcnlinn  lo  the  inflwiict'  of  tlie  wrvbral  c«>rtex 
fin  itu'ir  fiinptiniifi.  In  nnliT  to  ohlnin  a  ^iiti.-tfn^'inrv  eonnoptinn  nf  the  cortical 
rtiri('tinn>.  it  will  he  iiucessiiry  to  ftuiiiciiurize  hriclly  tlicsc  ami  other  «iiiiilar 
phcnomctiA  in  this  connection. 

Artifieiiil  stimuhilion  of  the  eerehnirii.  n»  wi;  have  swn.  produces  an  epih-ptic 
altiH'k  all  toil  viwily;  niid  ihf  fxritaliou  i'l  i^uch  uii  attack  i»  i^prcad  ihroiiich  the 
siilii'i«rtica]  centcre  to  all  (he  crotiR-Rlriatrd  muscles.  At  the  Ramc  time  the  rf«- 
pirntory.  canliac  and  vaiu>niolor  ci-titcrs,  the  centers  controIliiiK  the  dif[0^>>TC 
appuriilU5  Biul  those  of  tlin  iriH,  are  alsto  excited.  But  while  thtii  is  of  ffreat 
iiilercMl,  it  nivcit  u»  iio  dcfiiiilt-  infunnatiun  with  regard  tn  tht-  probablu  normal 
influence  of  the  corebrnl  cortex  itwlf  nn  ihese  orBnns  niid  their  functions. 

In  similar  experimeiitD  on  cvraritrd  animnla.  llic  epileptDc  attack  is  marked 
bwaiiwc  of  the  paral^'nis  nf  the  nkeletal  muscles.  ncTcrtheless  the  arcnmpanyi n^ 
lihenonicnn  in  tht>  vegetative  or^nns  make  their  Appeardiice  nil  u»unt.  Bui  ihew^ 
ex|(eriinenls  on  curnriztx]  nniinaU  mu^t  uut  be  trui'ted  too  far  (Friiick).  It 
upiM-urK  that  the  inituencu  tvlilch  is  exercised  by  the  cenrbrol  cortex  on  the  vcgc- 
talive  procfrtsc*  pffweeds  in  (rciicral  fnim  the  motor  re^inu  and  its  immciliutc 
neidhborhond.  Indeed,  Frenck  naiertu  that  the  effects  which  ha  has  obserrcd  on 
rr'S|iiralioii.  the  heart,  blond  vewH-ln  and  T^aUvury  tMHTctiem  in  the  don  after  slimil- 
Intion  of  the  c*'r<'br«l  cortex  cmi  he  obtainetl  from  almost  the  entire  motor  reRion, 
but  fn>m  no  other  point's  on  the  cortex.  Hei(|iinitiun  in  actHflerotcd  or  slowed 
HceordinK  to  the  HtreUKth  of  the  excitation,  jn^t  a»  in  stimtiliilion  of  the  periph- 
eral i*enBory  nerve;',  mid  the  depth  of  n'<tpgnition  is  likewinc  afFectctl.  The  plottia 
bcromes  marrow  with  the  tendency  to  expiration  and  iKVomes  wider  with  the 
tendency  to  insptrution,  etc,' — With  weak  atimulalion  the  pul»e  rate  as  a  rule  is 
aeceh'niterl.  with  ftronar  stimulation  it  is  retjirditt).  The  bUnid  TcsweU  coiiiitrict. 
We  kimw  also  that  unli^'ary  aecrelion  and  contractions  of  the  urinary  bia<lder  are 
iiillncnei'd  from  the  itintnr  re^on  (see  pii^tc  Slfi). 

Other  Hulhors,  however,  have  rr-arlied  [hfferent  conchlsions.  Accordinff  to 
llonth-.v  and  Scmou,  the  must-h-*!  of  the  vocal  cords  and  of  the  larynx  in  the 
mo]ikey  have  thrir  corticol  aren  in  the  lowermost  part  of  the  central  convolo- 
lions  and  within  this  repion  (he  foUowinir  definite  RioVfmi-nt»  can  be  hicalized: 
(1)  bilateral  adduction  of  the  vocal  cords;  (2)  the  same  mnvemmt.  plus  mnvc- 
mentit  of  the  pharynx;  (M)  elevation  of  the  larynx,  accompanied  by  movcmenla 
of  the  face,  the  jaws  and  the  tonRue:  ("41  dopref«ion  of  the  larynx. 

Fpencer  has  obtuined  the  fnllnwitur  effect;*  on  the  respiratory  movementa  by 
atimutnlioi)  nf  the  cerebral  cortex  in  iieveral  different  (tpeciea  of  nnimftl!)  (mon- 
key, dot;,  cat.  ntbliit):  HlowiriK'  and  stoppage  of  icspiration  by  fltinintaiion  of 
the  border  of  the  temixTBl-sphenoidal  lobe  lateral  to  the  bane  of  the  olfactory 
tract;  accvleration  of  rc«piration  by  Atimvdation  of  the  convex  upper  surface  in 
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the  reffion  of  the  motor  areas;  donio  inspiratorr  epaom  (■noffing')-  hf 
tion  of  the  border  of  the  olfactoi?  balb  and  tract,  also  (m  tlw  nncinate 

Bechterew  and  Mialawskr  make  mention  of  a  TaBootnistriction  from 
lating  certain  parts  of  the  motor  region,  and  a  raaodilatation  from,  other  paitL* 

From  these  obBerrations  it  may  be  gathered  that  the  cerebral  oortei,  aft- 
ciatly  the  motor  zone  and  its  immediate  neighborhood,  exerciaea  tax  «■■» 
takt^le  influence  on  the  vegetative  proce8»e»  of  the  body. 

Doubtless  this  influence  is  greater  over  some 'organs  than  OTer  oUwn. 
Movements  like  those  of  the  laiynx  and  to  a  certain  eztrait  also  thoae  of  tte 
thorax,  which  can  be  very  exactly  and  very  delicately  graduated,  especially  afttf 
long  practice,  must  naturally  be  very  intimately  dq)endeiit  upon  the  ea^atA 
cortex,  even  though  the  coarser  movements  of  the  same  anatomical  parts,  aA 
as  are  necessary  for  the  mere  ventilation  of  the  longs,  are  indepraident  of 
the  cerebrum.  Quite  different  effects  have  heea  obtained  from  the  oercinl 
cortex  on  the  heart,  blood  vessels,  etc  These  effects,  as  has  been  repeatdl; 
observed,  are  most  correctly  regarded  as  reflexes  similar  to  those  i^ch  vt 
discharged  by  all  kinds  of  afferent  nerves.  Most  of  them  are  accessotj  to  tbe 
muscular  movements  controlled  by  the  cortex,  and  some  at  least,  like  tk 
acceleration  of  the  heart  and  vasoconstriction,  accompany  every  volwaiMij 
movement.  The  chief  significance  of  this  cortical  influence  on  the  dm- 
latory  organs  is  that  they  can  be  thereby  adapted  to  the  different  requiremo^ 
placed  upon  them.  The  effects  of  psychical  states  on  the  v^etatiTe  fnnetioM 
of  the  body,  which  have  been  discussed  at  page  577,  are  in  all  piobabilitf 
mediated  by  the  cerebral  cortex. 

Finally,  there  are  certain  observations  which  indicate  that  different  w- 
tions  of  the  cerebrum  have  a  different  influence  on  the  getytrai  staie  of  imtn- 
tion  of  the  body.  Thus,  if  a  large  part  of  the  most  anterior  portion  of  the 
dog's  cerebrum  be  extirpated  on  both  sides,  the  animid  always  exhibits  • 
tendency  to  become  lean  and  to  remain  6o;  he  suffers  very  extensively  also 
from  a  persistent  inflammatory  skin  disease  which  is  associated  with  giwt 
redness  and  itching.  On  the  other  hand,  a  dog  deprived  of  its  occipital  lobe 
on  both  sides  regularly  becomes  fat.  It  sometimes  happens  in  this  case  that 
the  dog  acquires  an  eczema  also,  but  it  is  much  more  easily  held  in  check 
and  much  more  easily  cured  (Goltz). 

§3.    THE   SENSORY  CORTICAL  AREAS 

The  first  method  which  we  naturally  think  of  in  attempting  to  determine  tbe 
significance  of  the  cerebral  cortex  for  sensation,  is  the  investigation  of  effects 
upon  the  different  sensations  in  man  and  animals  which  result  from  leaiim, 
destruction  or  extirpation  of  different  portions  of  the  cortex.  In  experimaitj 
on  animals,  however,  we  meet  at  once  with  an  obstacle  in  the  fact  that  we 
can  only  judge  of  the  probable  loss  of  sensation  by  the  movements  and  general 
behavior  of  the  animal.  Our  conclusions  are  therefore  very  uncertain  espe- 
cially in  cases  whore  the  intelligence  of  the  animal  is  greatly  reduced.  Sime 
it  is  just  such  cases  whicli  ought  to  be  most  decisive  for  tbe  purpose  in  hand, 

'  For  the  effects  of  the  cerpbral  cortex  on  the  digestive  orgaua,  see  pages  281,  264,  284. 
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we  are  nftpn  forced  lo  Iw  cnntetit  merely  willi  HiiJtiig  that  tlit'  atiimnri}  move- 
ments iiri-  infiuenri-d  liy  wtmo  sensory  "tiiimliis,  witlimit  lioinfi  ftl>lp  ili-finitcly 
to  imy  h(iw  far  I  he  action  may  bo  rrganlod  a*  the  oxprcKsion  nf  n  coiiKcinus 
seiJMlion,  or  wliplhpr  it  is  not  ratliiT  ]>ureiy  ruflex.  Our  safwil  ami  miK-t 
imjHirtant  rom-hwionsi,  therefore,  we  get  from  observations  on  man. 

Wi'  can  nblairi  valiittbln  iciftimiiitinti  uli'ii  by  excilatinn  expeHm<>iiti>  (of  whicb 
mi>re  furthi-p  uIuuk).  by  tbf  arli<iu  fum-iil.  and  esiiecially  by  niiatomical  ttliidy 
uf  the  afTererit  eiMidlif'tiiif;  imlhwtiys.  Iti  (hiH  MH-lion  we  iihall  limit  ourselves 
tp  the  i>tudy  ni  refrirxin  where  the  ftcnsory  paths  end.  Tho^e  rrgtonit  are  known  at) 
the  tenaori/  areaa — tactile  area,  olfactory  area,  avdiiory  area,  vuual  area,  etc. 


A.    AREA  OP  OERERU.  SERSATIOR  ARD  TOUCH 

Since,  ax  wc  have  Dceo.  croii  the  coiii|ih>Lc  removal  of  a  whole  hemisphere 
from  a  «lo^  does  nut  greatly  inconveniencv  the  animal,  the  locomotor  movcmeDta 
Itfinp  Hiiriirisinjrly  little  affivl*^!.  it  follows  tlint  the  regulation  of  the  ooarsor 
movetneiitft  wliieh  gues  on  under  the  influemr  of  the  nlTereut  nerveji  win  be 
awomplished  inflcpemlontly  of  the  i-ortex.  On  llio  other  hand,  nltwrvations 
by  (JoUz.  II-  Mujik,  and  others  show  that  in  the  iloj;  extirpation  of  the  motor 
region  ami  of  the  mrtieal  area*  lying  immediately  adjacent  thereto  caiiw-s  all 
sorts  of  ilernii^i'iTienis  of  the  tactile  and  the  motor  senses.  It  follows  that 
the  afferent  patliways  from  all  parl*^  of  the  body  serving  the  tactile  and  nmlor 
fienaea  enter  these  rc^ons.  Similar  sennory  disturbances  have  been  obeen-eJ 
in  the  monkey  alttn  after  extir[>alion  of  the  motor  region. 

When  the  entire  corlicBl  urea  for  the  hinder  extremity  ia  reinore«J,  and  as  a 
coli»ef]iienc«>  the  miincles  of  tlip  opposite  leg  cmi  no  InuBer  execute  finely  Rraded 
mn»i?nieiitii.  for  some  daye  after  the  upemliuii  there  i«  complete  iuiR-iisibility  in 
thi)f  extremity,  and  a  certain  blunliieHM  of  HcnKibllity  iK-romcs  pormnnenl. 

With  tttill  more  extensive  deslniction.  the  finer  movemcntH  of  ihe  hand  and 
foot  are  |)ermanent]y  arrested,  and  for  som*-  time  after  the  operation  the  si-iim- 
tivmcss  of  the  \mvfs  in  verj-  niiii-h  rr-dticed,  wi  that  the  nniinnl  n*nel«  only  to 
very  pBiTiftil  titimuli.  In  fact  the  sensitiveiieiw  "f  tbi-  hand  and  f<Mit  becomva 
permanently  so  ^liiiht  that  a  Hcvcre  pinch  produce*  no  reaction  at  all  (UottK  On 
the  other  hand.  Sehiifer  bus  fumid  thai  a  monkey  which  doev  nut  react  at  all  Ui 
n  painful  pinch  immedintply  notices  a  very  liftht  tactile  titinintuit  ap]ilied  to  the 
prt ralyjipd  extrtmily. 

The  niitnkc^-  (paire  645)  from  which  Ooltic  had  removed  the  entire  motor 
r(>(pon  of  the  left  hemisphere,  look  no  notitv  of  tho  Koiit1<r  tactile  slimtili  ap|ili<^ 
lo  the  riKht  extrcinily.  StronRcr  pressure  stimuli,  h*iwever.  were  always  felt. 
The  mnlor  acnKations  wen;  aUu  xomewhat  diminii^htil. 

Although  Ihe  obnfrmlion^t  ittadf  on  mnn  dtlTcr  from  one  another  In  many 
[tcvinli*,  on  iim>  |M>int  there  h  po^titivc  a;;rcement.  namely,  that  the  motor  rrtgion 
and  ita  immediate  neighborhood  is  the  cortical  area  for  the  sense  of  touch. 
It  is  noteworthy  that  the  motor  and  sensory-  di.-uinlers  are  rtot  as  a  rule 
colerminoHR.  In  some  caaes  the  paralysis  involves  most  of  the  mu.-^'leji  of 
the  oppowiip  side,  whereas  Ihe  dinturWnce  in  wnxation  going  with  it  w  of 
but  flight  extent ;  in  other  ruses  with  a  sharply  circiimseribiHl  motor  paralyais, 
there  goes  a  reduction  of  sensibility  covering  a  very  comidcrablc  area. 
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From  the  6iimmarie«  of  clinical  cases  ol  this  character  it  a:f>pcHrs  wit 
perfect  detiiiitL'iiess.  however,  that  s<i  far  ns  these  particular  disordtrrs 
poiK'crnwl.  Iiwinnn  nf  tin-  <K-iTipital,  tmiipnnil.  anil  Ihi;  prealer  part  of  titn  fmnl 
h<\n»  are  nf  im  couseiiueuec;  tliaL  therefon?  the  cortical  field,  If-iion  of  whic 
is  nceompanicd  by  loss  of  general  sensation  nrid  touch  embraces  the  cetiti 
and  parietal  coii%'oEuliun8,  the  paracentral  loliulu  ajid  post^ibly  the  postcric 
part  of  the  frontal  convolutions. 

More  detailed  study  of  cases  appertaining  in  Ihi.s  subjeet  appcirrs  to  sht 
fiirtlirr  that  Uie  luiterior  central  cniivoluiioii,  tlie  importance  of  wiiirh  an  a^ 
place  of  origin  for  tlie  Ioiij;-in.H?n'<l  *'iriTent  tract*  was  diftcii^sotl  at  page  63U. 
ran  be  thrown  out  of  funclion  without  enlnilliiff  any  loss  of  general  Movti- 
lion.  that  therefore  the  sensory  cortical  area  consists  for  the  most  part  of  tlic      „ 
pnslerinr  r*'ntrtil  and  the  parietal  rnnvolntintiu.     The  disturbances  to  tlie  di^H 
fercnl  modulitiuH  uf  t^enHation  n-t^ultiii^'  from  lu^ionK  witliin  thatu'  parta  of  th^^^ 
eortt-x  appear  to  be  rathor  different  in  d^^jrree.     The  pain  scnsatinns  »uttir 
I  east ;  the  pressure  and  tcnipernttire  sensntinns  are  said  to  Im>  xoiitewhat   re- 
duced, but  are  not  by  any  uionnK  always  abolished.     The  power  of  ItK-aliznlinn 
is  very  prnfoHmlly  afl"c<"l<il  and  the  patients  make  very  Hf*^i   mietakctt  w! 
tesled  for  tliie  !*en»e.     The  motor  sciiHation.t  arc  likewise  much   distttrhoil; 
patients  can  neither  rceogniae  the  exact  pofiitiou  of  tlieir  limbs  nor  tell  whc 
Ibcv  fire  mnvi'd  pajwively.     Whether  there  is  any  dependence  of  tlip  modalit) 
lilTwici!  \]]vn\  the  exact  plniv  of  Iht;  Icjiion  within  the  general  region,  wc 
not  »ay  definitely  at  present. 

Further  proof  of  the  functional  relations  here  iiidicati»d  is  found  in  l\ 
anatomical  discoverifa  concerning  Ihc  convergence  of  tlie  i*ondpctin(;  patt 
ways  of  the  tactile  and  other  general  j-t'iisory  nerves  into  the  cerebral  cortex. 
Aa  Flechsig  has  pointed  out.  thoHc  for  the  moat  part  enter  the  posterior  cunti 
convolution  and  only  a  ttinull  fractional  part  of  them  reaches   thu   aiiten< 
central,    Besidcjj.  the  paracentral  lohnle,  the  first  frontal  ronvohition  and  tl 
gjruF  fiirniealii's  alt^"  nreive  such  (ilHn'S.     Hut.  on  the  other  hantl.  the  origil 
(if  ifie  pyramidal  piilhway?t  i>.  f.mnd  ebietly  in  the  jtannvnlral  lobule,  in  the 
whole  (inicrior  central  eonvolntion  and  in  the  [Hislerior  part  of  the  first  frontnl 
convolution.    It  is  signilicant  also  iu  view  of  (his  arrangement  that  the  an- 
terior (^'nfral  convolution,  as  well  as  the  pnslerior  part  of  the  first  ami  «m*oi; 
fntntal  I'oiuoluliont',  has  n  ilifTerenl  structure  from  that  of  the  oiher  <-ortii 
regions  and  that  of  (lie  poi*terior  central  eonvnh]lion8.     The  chief  differrn 
consists  in  the  enontiouH  thickness  in  the  former  nf  the  layers  of  tho  middU 
sized  and  the  sut»erlieial  giant  pyramidal  ccIIk  (Cajal.  see  Fig,  3S|>.      Fro* 
thew  relatii>ns  wo  €*an  und<'rstftnd  how  it  u  Ibnt  motor  paralysis  of  curlical" 
origin  is  init  neces»iiirily  aeenmpanied  by  loss  of  sensibility. 
' "    il  is  ftlst>  posfiihlo  til  convince  oneself  by  stinndation  that  tho  rejrion  undc 
ponsideralion  is  in  fact  n  Icrminits  of  sensory  nerves.     If  the  central  cnnvnli 
tions  of  an  nnieslhelizeU  man  be  stiinulatHl  ele<:trieully.  while  he    feeds 
pnin  there  is  at  first  an  itchy,  prickling  sensation  in  that  part  of  the  In) 
wlufse  iiinsclwi  contract  to  the  stiuiidus — an  obHcrvatinu  which  agrees  with  tl 
statements  of  patients  snfCeriDg  from  cortical  epilepsy  regarding  the  pmuoai 
tory  symptoms  of  epileptic  attacks. 

In  abort,  from  the  clinical  evidence  obtained  on  men  and  from  exporiment 
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on  auiiimli;  it  appean  that  Ihu  cortical  area  of  the  general  wnsory  and  taclile 
nerres  is  very  closely  relatetl  to  the  motor  cortical  field  in  a  spatial  sense 
at  M-ell  fl»  in  n  riitK-tional  i^ienst?.  but  that  in  man  it  lies,  at  tea^t  for  the  moeit 
part,  ouIj^iiIl'  tliu  niutor  cortical  tifUl  (fig.  2^13). 

B.    THB  CORTICAL   AREAS   OP  TASTE   AND  SHELL 

Thu  purts  u{  the  brnin  dirertly  pniincctwl  with  ibu  olfactory  organ  are  very 
differ<>ntl.v  developed  in  different  p-nera  of  anininU.  In  man,  aa  we  bare  already 
Been  (page  4«(!),  this  sense  is  but  sliphtly  developed. 

Oar  knowledge  of  tho  cortical  areas  of  the  ulfactartf  nervei  is  based  almost 
exclusively  on  anatomical  evidence.  Jndpng  hv  Ihi^,  the  olfactory  area  in 
man  embranee  Iht*  whnk-  [meiti^rior  edge  of  the  haM>  of  the  frontal  lolte  nnd 
the  basal  part  nf  the  ^vruM  faniicatui<  on  the  one  hand  and  tliv  iuu'u>i  and  a 
part  of  ihe  neighUorinji  liinLT  apex  of  the  temporal  Inhe  on  the  other.  These 
two  an-aji  art*  connected  at  the  base  of  the  insula  (Kig.  294). 

Spcakinfc  of  the  cortical  area  for  the  gustatory  ntrve,  Bechterew  states 
thai  in  the  i\n^  Inlnlenil  dcHtniclion  nf  a  reffinn  corresponding  to  the  anterior 
ImvtT  in:)rti<>ri  of  lUy  (liird  and  fourth  external  convolutions  (Fig.  2^2)  oblit- 
erates the  sense  of  ta.Mo  entirely;  with  nnilalPral  d^-strnetion  there  ia  total 
lose  of  taslc  on  the  opposite  ."ido  and  a  slight  weakening  on  the  same  aide 
»»  the  lesion.  Following  only  tilight  injuries,  an  improvement  i*  noticeable 
vithin  a  few  dayw.  while  after  more  extensive  lesions  Ihe  defect  coniinmrs  for 
months.  Stimulating  these  portions  of  the  cortex.  B^'chtorew  noted  contrac- 
tion of  the  lip«  on  the>  opposite  side,  movements  of  the  tongue,  movemenu 
of  mastication  and  swallowing. 


C.    THE  AUDITORY  AREA 

II.  Munk  find.a  ihat  rpmoval  of  the  tfrniwral  lolws  on  both  sidw  prodooBSJ 
oomplc-lc  dcnfness.  but    no  other  disturbance.      Extirpation  of  one  teniporal' 
lolic  mnken  iIr'  animnl  deaf  in  the  opposite  car.    Stimulation  of  the  teni|wiral 
convolutions  produces  movements  of  ihe  external  ear  which  are  probably  con- 
nected in  some  way  with  aiiditor\-  impressions. 

Similnr  results  have  been  obitcrved  by  other  authors,  but  we  find  it  stated  by 
<lill  uthers  ihnl  bilnTerti]  cxtirpntiou  of  thche  partx  protluct-u  only  temporary  deaf- 
ness or  no  cvidi-'nl  sign  of  it  nt  all.  Brown  nnd  Schufer  romplelcly  rcmovi-d  both 
lempornl  lobes  from  n  monkey.  Immcdintelj'  oftor  the  operatinn  the  BnimuVa 
intelligence  was  very  much  »iffr<'t«x!,  but  this  condition  gradually  pasitcd  awaji'  «o 
that  t|]4-  Hiiimal  •OK'e  iii<>n*  Uviimf  very  iiiteni|ft>nl.  The  authors  Ihcioselves  an<) 
several  other  physioloRists  nnd  physicians  trivd  numerous  <?xpvrin>t'nt«  wiib  the 
animal  and  canio  to  ihc  eoucliision  that  all  its  S4>nses  includinR  beartnit  were  per- 
fectly noiile.  Moreover,  tJicro  waa  no  chuiicc  fur  the  claim  that  the  rcaciiona  of 
thi*  animal  to  auditory  atimnli  were  really  due  to  eioitalinn  of  the  cutoneoua' 
ner\*e«.  From  ihewe  nbaerrationa  it  appeara  therefore  thai  the  auditory  pathways 
do  not  end  in  thw  temiioral  lubes  alone.  aUbough  ihey  may  be  most  concentrated 
there. 

The  course  of  the  fibers  of  the  cochlear  nerw  imiide  the  cerebrum  learea 
no  doubt  tliat  the  ttrnporal  tobea  in  man  stand  in  very  iotimate  relation  with 
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From  the  summaries  of  clinical  cases  of  this  character  it  appears  with 
perfect  (lefiniteneas,  however,  that  so  far  as  these  particular  disorders  are 
concerned,  lesions  of  the  occipital,  temporal,  and  the  greater  part  of  the  frontal 
lobes  are  of  no  consequence ;  that  therefore  the  cortical  field,  lesion  of  whicli 
is  accompanied  by  loss  of  general  sensation  and  touch  embraces  the  central 
and  parietal  convolutions,  the  paracentral  lobule  and  possibly  the  posterior 
part  of  the  frontal  convolutions. 

More  detailed  study  of  cases  appertaining  to  this  subject  appears  to  show 
further  that  the  anterior  central  convolution,  the  importance  of  which  as  a 
place  of  origin  for  the  long-fibercd  efferent  tracts  was  discussed  at  page  633, 
can  be  thrown  out  of  function  without  entailing  any  loss  of  general  sensa- 
tion, that  therefore  the  sensory  cortical  area  consists  for  the  most  part  of  the 
posterior  central  and  the  parietal  convolutions.  The  disturbances  to  the  dif- 
ferent modalities  of  sensation  resulting  from  lesions  within  these  parts  of  the 
cortex  appear  to  be  rather  different  in  degree.  The  pain  sensations  suffer 
least ;  the  pressure  and  temperature  sensations  are  said  to  be  somewhat  re- 
duced, but  are  not  by  any  means  always  abolished.  The  power  of  localizatim 
is  very  profoundly  affected  and  the  patients  make  very  great  mistakes  when 
tested  for  this  sense.  The  motor  sensations  are  likewise  much  disturbed; 
patients  can  neither  recognize  the  exact  position  of  their  limbs  nor  tell  when 
they  arc  moved  passively.  Whether  there  is  any  dependence  of  the  modalitjf 
affected  upon  the  exact  place  of  the  lesion  within  the  general  region,  we  can- 
not say  definitely  at  present. 

Further  proof  of  the  functional  relations  here  indicated  is  found  in  the 
anatomical  discoveries  concerning  the  convergence  of  the  condi'cting  path- 
ways of  the  tactile  and  other  general  sensory  nerves  into  the  cerebral  cortex. 
As  Ficcbsig  has  pointed  out,  these  for  the  most  part  enter  the  posterior  central 
convolution  and  only  a  small  fractional  ])art  of  them  reaches  the  anterior 
central.  Besides,  the  paracentral  lobule,  the  first  frontal  convolution  and  the 
g}Tu.s  fornicatus  also  receive  such  fillers.  But,  on  the  other  hand,  the  origin 
of  the  jiyramidal  pathways  is  found  chiefly  in  the  paracentral  lobule,  in  the 
whole  anterior  ct-ntral  convolution  and  in  the  posterior  part  of  the  first  frontal 
convolution.  It  is  .significant  also  in  view  of  this  arrangement  that  the  an- 
terior central  convolution,  a,s  well  as  the  posterior  part  of  the  first  and  second 
frontal  convolutions,  has  a  different  structure  from  that  of  the  other  cortical 
regions  and  that  of  the  posterior  central  convolutions.  The  chief  diffcrenoe 
{■nii.-iists  in  the  enormous  thickness  in  the  former  of  the  layers  of  the  middle- 
sized  and  the  superficial  giant  pyramidal  cells  (Cajal,  see  Fig.  284).  From 
these  n-lations  we  can  understand  how  it  is  that  motor  paralysis  of  cortical 
origin  is  not  necessarily  accompanied  by  tos.s  of  sen.^ibilJty. 

It  is  also  possible  to  convince  oneself  by  stimulation  that  the  region  under 
consideration  is  in  fact  a  terminus  of  sensory  nerves.  If  the  central  convolu- 
tions of  an  unttsthetizeil  man  be  stimulated  electrically,  while  he  feels  no 
pain  there  is  at  first  an  itchy,  prickling  sensation  in  that  part  of  the  IxmIv 
whose  muscles  contract  to  the  stimulus — an  ol>sorvation  which  agrees  with  the 
statements  of  patients  suffering  from  cortical  epilepsy  regarding  the  premoni- 
tory .-ivmptnms  of  epileptic  attacks. 

lu  short,  from  the  clinical  evidence  obtained  on  men  and  from  experiments 
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on  animals  it  appears  that  the  cortical  area  of  the  general  sensory  and  tactile 
nerves  is  very  closely  related  to  the  motor  cortical  field  in  a  spatial  sense 
as  well  as  in  a  functional  sense,  but  that  in  man  it  lies,  at  least  for  the  most 
part,  outside  the  motor  cortical  field  (Fig.  293). 

B.   THE  CORTICAL  AREAS  OF  TASTE  AUD  SHELL 

The  parts  of  the  brain  directly  connected  with  the  olfactory  organ  are  very 
differently  developed  in  different  genera  of  animals.  In  man,  as  we  have  already 
seen  (page  486),  this  sense  is  but  slightly  developed. 

Onr  knowledge  of  the  cortical  areas  of  the  olfactory  nerves  is  based  almost 
exclusively  on  anatomical  evidence.  Judging  by  this,  the  olfactory  area  in 
man  embraces  the  whole  posterior  edge  of  the  base  of  the  frontal  lobe  and 
the  basal  part  of  the  gyrus  fomicatus  on  the  one  hand  and  the  uncus  and  a 
part  of  the  neighboring  inner  apes  of  the  temporal  lobe  on  the  other.  These 
two  areas  are  connected  at  the  base  of  the  insula  (Fig.  894), 

Speaking  of  the  cortical  area  for  the  gustatory  nerve,  Bechterew  states 
that  in  the  dog  bilateral  destruction  of  a  region  corresponding  to  the  anterior 
lower  portion  of  the  third  and  fourth  external  convolutions  (Fig.  282)  oblit- 
erates the  sense  of  taste  entirely;  with  unilateral  destruction  there  is  total 
loss  of  taste  on  the  opposite  side  and  a  slight  weakening  on  the  same  side 
as  the  lesion.  Following  only  slight  injuries,  an  improvement  is  noticeable 
within  a  few  days,  while  after  more  extensive  lesions  the  defect  continues  for 
months.  Stimulating  these  portions  of  the  cortex,  Bechterew  noted  contrac- 
tion of  the  lips  on  the  opposite  side,  movements  of  the  tongue,  movements 
of  mastication  and  swallowing. 

C.   THE  AUDITORY  AREA 

H.  Munk  finds  that  removal  of  the  temporal  lobes  on  both  sides  produces 
complete  deafness,  but  no  other  disturbance.  Extirpation  of  one  temporal 
lobe  makes  the  animal  deaf  in  the  opposite  ear.  Stimulation  of  the  temporal 
convolutions  produces  movements  of  the  external  ear  which  are  probably  con- 
nected in  some  way  with  auditory  impressions. 

Similar  results  have  been  observed  by  other  authors,  but  we  find  It  stated  by 
still  others  that  bilateral  extirpatiou  of  these  parts  produces  only  temporary  deaf- 
ness or  no  evident  sign  of  it  at  all.  Brown  and  Schafer  completely  removed  both 
temporal  lobes  from  a  monkey.  Immediately  after  the  operation  the  animal's 
intelligence  was  very  much  affected,  but  this  condition  gradually  passed  away  so 
that  the  animal  once  more  became  very  intelligent.  The  authors  themselves  and 
several  other  physiologists  and  physicians  tried  numerous  experiments  with  the 
animal  and  came  to  the  conclusion  that  all  its  senses  including  hearing  were  per* 
fectly  acute.  Moreover,  there  was  no  chance  for  the  claim  that  the  reactions  of 
this  animal  to  auditory  stimuli  were  really  due  to  excitation  of  the  cutaneous 
nerves.  From  these  observations  it  appears  therefore  that  the  auditory  pathways 
do  not  end  in  the  temporal  lobes  alone,  although  they  may  be  most  concentrated 
there. 

The  course  of  the  fibers  of  the  cochlear  nerve  in.*ide  the  cerebrum  leaves 
no  doubt  that  the  temporal  lobes  in  man  stand  in  very  intimate  relation  with 
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the  ftuditorv  nervw.  The  filiew  of  thU  nerve  Icnving  the  ganglion  rpHs  of  the 
cochlear  tnick-uit  arc  cttrriwl  by  Ihe  lateral  filli-I  l»  Ihff  posUirior  qnHdrip-miriBl 
ImhIv  (  Klet-hsig  ntid  lJ(rhtcn;w).  Tliis  ik  almnduntly  eonriwuij  wilh  the  in- 
t»Tnnl  (.-arpuii  jft-nic-Hlalum.  which  in  turn  is  connected  excliu-ively  wilh  the 
cfirtf'x  of  the  1i'iii[«inil  hihi-  (v.  Mdnnkow).  Affoniin}!  to  Fli'ehMg.  tlu-  twrt 
IrunsvursL'  nuivotutionit  of  thii;  lolio  ru|)rc»:nt  the  substations  of  the  auditory 
nerve. 

Thew'  ronvolutinns  Up  dit-p  in  thp  fisfiirc  of  Sylvius,  whore  (hey  pu-<h  in 
belwwii  the  piwltrritjr  I)i»rdi'r  uf  ihe  ifhtid  of  Heil  and  tlie  nuter  free  surface 
of  llic  llmt  Icmixirjil  ronvoliitinn.  The  furl  thiit  in  all  ra-sfts  nf  total  drafni-sit 
as  the  result  of  lnlatfraJ  destruction  of  Ihe  hunnm  cortex  thus  far  known, 
thin  rcfrioii  <if  the  two  tran.*ver*e  conroliilinn*  wa.«  atferted.  fpoiik*  ftrnnjjly 
for  it«  ii]i|HiriHn(v  as  nn  aiidilDry  curlical  area,  Va»v»  of  denfne^^  or  nf  ihill 
hnirinj;  on  one  "ide  fnljnwin;;  injury  to  this  rejiinn,  or  \n  its  t-oroiini  radiHtion 
or  to  iu  filwra  in  the  internal  eniMule,  furnish  widencc  to  the  same  effuct. 


D.   THE  VISUAL  AREA 

Expmmpnfaf  as  well  ti»  cHniral  and  analomirnl  evidence  indieales  Ihat  the 
enrlical  iin'a  for  the  ojitic  nerve  is  to  lie  soiiplit  chietlv  in  the  oecipilal  loU*. 
ShilenielilH  differ  a  ;;n>iit  dcnl  a>i  1o  Ihe  I'xiict  iHiniidariiv  of  \\\\^  art<n.  owing 
in  part  at  least  to  the  fact  lliut  in  some  aniuials  the  localization  w  nharpcr 
than  in  others. 

In  Ihe  dug,  according  to  11.  Xfunk.  llie  two  retinrc  are  projected  upon  the 
occipital  lobes  in  the  following  manner.  The  extreme  lateral  part  of  each 
retina  xa  represented  by  the  extreme  lateral  surfare  of  ihe  occipital  lobe  on 
the  same  Kidc.  But  by  far  the  greater  part  of  each  n>liua  is  n^pres^'nttnl  by  the 
rcmniring  greater  part  of  the  oecipitjil  lolio  nn  the  opposite  side,  the  inner 
edge  of  the  retina  (rorr&^ponding  to  the  median  eiige  of  the  occipital  lolie. 
the  upper  edgi-  of  tlie  retina  to  the  nnlerior  e«ige  of  the  lolw.  and  the  lower 
i-dgi*  t»i  Ihe  pfwlcrior  eilge. 

An  npjKiK^  to  tliit>  tlollx.  among  others,  hoa  observed  after  hilaloral  extir- 
pation of  the  occipital  IoIjc,  tbnt  while  a  great  reiluelion  of  the  visual  |K»wer 
and  a  'very  eom^iderable  loi^s  of  intelligence  may  result,  the  animal  still  cannot 
l)e  called  Inlally  lilind.  For,  although  he  may  m>t  respond  to  a  threat  with  the 
hand  or  with  a  light,  he  still  is  able  to  avoid  ohittaclcfi  fairly  well  without 
being  guided  in  any  way  liy  the  h-um'  of  touch.  Th<«e  observations  phnw  that 
the  animal  in  this  very  low  mental  cnmlitinn  either  reNX>ives  visual  wnsations 
thnnigh  Ihe  remaining  parlji  of  Ihe  cortes.  or  that  the  movements  can  l>e 
regulated  by  retinal  impulses  with  Ihe  help  of  the  subeorlieal  center*. 

Several  author*.  howoTcr,  have  observed  that  in  the  doc  a  temporary  reduc- 
tion of  the  visual  power  on  the  oorre«iK>i]diiiii  halves  of  ihe  two  eyes  (homolaieral 
lieuiambI.vopia)  may  resnlt  fmm  the  removal  of  other  cortical  rcKiotiH  (c.  (f-i  the 
motor  xone).  Onv  would  be  inclined  tn  conrlude  from  thit  that  while  m«Mt  of 
the  filers  from  the  optic  lract»  reiieh  the  tx^-ipital  lobe,  some  of  them  have  ter- 
mini in  other  parln  of  the  cortex.  But  thp  followinti  obeervattons  b.v  Ililzii;, 
which  have  recently  been  confirmc*!  tn  their  entirety  by  Kxnpr  and  Imninurn, 
prove  that  the  rclaliomhip  ia  utill  more  complex.    If  a  part  of  the  oecipital  cortex 
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be  removed  from  a  dog,  and  then  after  the  hemiamblyopia  has  disappeared  the 
motor  zone  also  be  removed,  no  additional  effects  on  vision  are  produced.  Bat 
the  remarkable  thing  is  that  the  same  is  true  if  the  operations  be  performed  in 
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Fta.  295. — Schematic  rcprpspntation  of  the  optic  troctn,  modified  from  Fuchs. 

DivLiion  of  tlic  optic  tract  nt  tjg,  iir  re,  or  removal  of  the  left  opcipital  lobe  producen  rifcht  hrau- 
annpia.  In  the  PirHt  cmie  tlivrc  would  be  no  reaction  of  llie  pupil  to  light  on  illuminkting  thr 
left  lialf  of  I'ithrr  retina.  Division  of  tlie  eliiaflm  at  m  prmlucea  tempoml  heniiaiiDpia. 
I>ivi><i(in  of  till'  fiben  ut  tn  abolishes  i\ie  reaction  of  tlie  pupil  tu  liglit.  The  fibprn  connecting 
tlie  optical  cortex  {U.C.)  witli  the  midbrain  <ef.  pace  057)  and  with  other  portions  of  the 
curlex  (  Ahhoc.)  {pa);e  GGU)  are  uhown.     U.K.,  optical  radiation;  U.c,  oculo  motor  nerve. 


ri'vcrsc  (inlt-r.  Afl<'r  tlif  h<'iiiiambl,vopin  resulting  from  rpmoval  of  tht*  niittor 
zone  lias  ]>iissi'i]  (itT.  iiii  rxtirjjalioii  witliiii  x\w  (irpij)itul  loin'  is  entirely  withoul 
effci-l.     We  sliull  iliwcHss  the  sifrnificaiioe  of  these  facts  further  along  (pagf  tl6(l). 
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In  tho  monleif  tho  observtlions  of  H.  Munk,  Brnini  and  Scliaffr  and  nthprs 
tifUVQ  in  showing  that  I'Xtirpation  of  ono  vYioV-  on-ipilnl  loin-  n'>!iill>  in  Inas 
of  vUinii  nil  the  cnn-csiiorKling  halvi's  of  the  two  rftinn?  (bomolatfral  hemi- 
aiio|>iu,  V\fi.  '-^HrO,  and  ):)l1iiteral  i-\tir|intir>n  in  total  l)tindno>s.  Acmrilin;!  to 
H.  Murik.  there  .thnuM  be  a  projfclirin  <tf  \W  retina  npnn  tlic  orripital  ItilwH 
of  tlie  monkey  like  that  dewrilml  alxivc  for  the  dog.  But  Brown  and  .Si'hiifi;r 
have  not  ohtained  any  positive  results  in  Uuh  dirvclion  by  partial  removal  of 
the  «>ccipitfll  IoIkw. 

The  eiinical  evidenct  ie  jjerfectly  clear  that  in  man  the  cnrtical  area  for 
IIh"  optic  nerve  is  cituatod  in  the  occipital  lohes.  A  siitTioiently  extf'njtive  lo«ton 
of  the  necipitfll  onri^^x  is  followed  just  an  in  the  monkey  liy  homolateral  liemi- 
anopia  on  hoth  sides.  Ab  a  rule,  this  i&  not  complete,  for  the  line  of  sppnration 
\v&\v»  the  (■(.•ritrul  i»art  of  the  visual  fichl  intnct.  In  certain  individiuil  cntfs 
uf  bilateral  hcmianopia  aceompanying  lettiona  of  both  occipital  IoI>p»,  the 
porliun  c<)rn:Rpondiii(i  to  the  yellow  n|K>t  may  n>main  enttn-lv  free. 

Opinions  differ  ronftidersbly  aH  lo  the  exact  Jncntion  of  the  vuual  arfa 
in  the  oceipital  lolie.  Aecording  In  Nnthnajijel,  it  w  coterininoua  with  Ihn 
eunenx  ami  the  firct  occipital  t-onvolution  ;  acconlinjt  to  Vialet,  with  tlie  whole 
mrtlian  mirface  of  the  oceipital  lolio.  Still  others  extend  it  further,  to  the 
^l^^t  and  third  weipital  eonvolulionfi,  or  even  to  the  anpidar  fO'nii^.  which 
latter,  nceordinjj  lo  Ferrier,  in  the  rejjion  for  distinct  vision.  .\j*  opposed  to 
thc*c,  and  on  tlic  Ktntnjfth  of  some  very  ronvincing  casec,  Henw>hon  in  par- 
ticular fulvocatu*  the  view  that  only  the  cortex  alou);  lliv  culcarine  fi«»uru  i» 
to  lie  regnnleil  as  the  area  of  virion. 

I-'livlistp.  on  the  Imf^is  of  hi^  cnihrvoloplcnl  studies,  takes  veri-  much  tho 
same  view.  Most  of  the  optic  fillers  end  \n  the  wall  of  the  ealearine  fis*ure, 
and  thoftc  reffion!)  of  the  visual  area  situated  ontitide  of  thia  limited  tract  have 
hill  a  limiUfl  share  in  the  true  visual  pnM-ejw. 

The  vUaiif  nmduftitig  [Mithti,  according  to  most  investipalnrs.  take  the 
folInwiTiir  i-oursp  to  the  oecipital  cortex.  The  ojitle  fibers  t^prinpinj;;  from  the 
ganfftioD  cell  layer  of  the  retina  pass  to  the  chiasm ;  lho»e  corresponding  to 
the  ontor  lateral  parts  of  the  retina  remain  uncrossed;  the  remainder  rroM.' 
With  (heir  end  arborizalinnw  some  nnw  into  relation  with  Ihe  fmnjrlion  i*el!a 
of  till*  anterior  i|uadri};t>minHl  luKly ;  iniiny  more,  and  among  iVmi  Ibe  fibers 
from  tho  macula,  with  the  eclls  of  the  external  corpus;  and  a  smaller  number 
with  eellM  in  the  pulvinnr.  \ew  pathways  spring  from  these  various  odls 
and  make  (heir  way  to  the  wcipital  lobc-8. 

In  the  opinion  of  v.  Monnknw,  tho  rea-Hon  the  macula  region  m  often 
n.>mHin!i  intact  in  cerebral  lesion^  is  that  it  h  pmlmbly  repnwentcd  throughout 
by  a  rather  extensive  cortical  xone;  the  macula  fibers  then  would  he  connected 
with  practically  all  parts  of  (he  coriiin  peiiiculaluni  esl.;  iiins«]Uontly,  if  the 
lesion  left  any  filters  to  the  cortex  intact,  impulciea  firom  th«  macula  could 
still  l>e  transmitted. 

According  to  Ftc<'hi*iir.  pfferenl  filwre  ]Mit«  out  fmm  llie  oecipilal  Irtbe*.  and 
&nivvy  impuUes  frciiii  the  enrtcx  lo  llie  opiie  tliHliimuy  and  the  nnferior  corpus 
c)uadri(teiium  b.v  wny  of  which  impulses  can  be  cunvi:!>cd  irum  tb«  optic  luliea 
lo  various  rausdes  and  other  peripheral  orKana. 
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Artificial  vtimulalion  of  thu  corlex  back  of  the  angular  jeynL**  in  the  i 
ninnki-v  (II.  Miink.  Schafcr)  ^'wps  conjii^itt>  niovenii'nts  uf  the  cvoit  to«-a^H 
Ihc  n]ijMisitf  (lidc.  Ihi'  plane  of  vision  being  nl  the  same  time  dirct^U^J  iipwam^^ 
ilnvrnwnril  or  borizoulallv,  accordiu)?  as  ililtercnt  points  of  this  rfjiiiw  irt 
sliniulnlf'il.  Thf  bitcnl  piTioii  nf  tlifyo  itifivtMiieTits  i*  lonpcr  th:\n  that 
corrt'sponding  rvo  movomonls  which  npp»'«r  on  slimuktion  of  tho  fmntii!  Irtli 
lhp,v  arc  tkUtt  obiiiimil  Hftcr  n'mnvnl  nf  the  frontal  lobe;  hcitcc  am  ]>mhal 
evo.kL'(l  ihrfiiijfh  (1k^  iihove-nK'ntionwl  suWortical  rontrrs.  TIii?  xam?  moT 
mcnts  occur  wlion  the  oeeipitiil  cortex  iini]  thu  eye  region  «f  tlie  opi 
froJiUil  lolw  are  stimulflted  f^iiimUunoously. 

Movrmriilx  of  thr  ir'u  iilso  can  be  srtiusfld  by  ftimnUtinn   of  iIm*  w 
pnrlcx.    Dihiljiliiiii  of  thi"  pupil  is  most  <"a«ily  obtninod  in  ihe  monkey  hy  niimt 
Inlioti  (if  tW  niiitor  n'pinii  for  \\\v  i-yv  iiiuscli-s  biiH  nf  tho  iwcipiljil   lohv.     T 
dilatnti»i>  ii|i]A'«rs  wbt-n  the  eerviral  syraimlhi'tios  an-  i-ut.  nnd  pnibuhly  niu*\ 
n-giinlcd  IIS  at  IojihI  partly  chio  to  uu  inhibition  of  the  BphincdT  musclo.     { 
strietion  nf  the  pupil  seomH  to  be  obtained  wuly  aa  au  esccpliojjol  ruault  of  co 
cal  stiniulntiun. 

E.    RECAPITULATION 

From  the  fofrts  which  have  just  lnvn  bnuiylit  forward  with  n'jrard  to 
corlii'i!  iirriis   of   Ihr   nrrvrn  nf   Mfn-fhl  .■*«•»(.■«■,   it    nppt'ars  pmlmMc    thnt    lb' 
like  (be  motor  anviH.  hrrame  more  nhnrpltj  ronrenimteti  the  higher  trr  tinrr 
in  the  juvfe  of  tnnmtnals;  also  that  their  nnportance  for  special    iwnsatii 
becomes  greater  and  greater.    Moreover,  it  is  ev'ui&jxt  that,  as  a  K'snoral  ru 
efferent  palh«  frnrn  nil  the  senuory  cortical  areas  art*  so  arran^^ed  an  tn  i^nv 
iinpul.-ies  to  just  thot^e  niuselcp  which  are  of  the  nuwt  service  tn  tht*  particiil 
BonHis.     Thi]i»,  the  cortical   field    for  the  !iensory  nerre^  of  the  skin,  nf  I 
iintxeh'-s  uml  the  jnint.t  lies  in  the  ininifdiatc  vicinity  of  the  fi^reat  motor 
tical  ai-ca  or  prnctifally  coineides  with  it;  wo  i|[ct  mnrement*  of  the  o«r<  f 
the  temjioral  IoIm-.-i  where  He  the  auditory  areas,  and  rnovnntenis  nf  the  m 
fmni    tbi'  occipital    n-yion.      \V"e  sbnil   di!K:ujw   tin.'  dwiter  phvi'inlopicnl    a 
paychohigical  riigniticaiic-o  of  these  cortical  areas  in  the  following  section. 


SECOND   SKt'TlOM 

THE   PSYCHO-PHYSICAL  FUNCTIONS  OF  THE 

CEREBRUM 

While  an  e.xhwiiJ<tive  discusitiou  of  (he  pxt/i:htail  ai-Hrillcs  of  man  ir.  platnT) 
out  of  ihii^  ipic^tion  in  Ihi.-i  Iwiok,  a  brief  summary  nf  ilic  most  important  fact 
of  UKMlcni  plivh  id  logical  psyehnlnjjy  seems  cnllc<l  for  here,  because.  t|uilp  ii 
pcn^lcntly  of  any  particular  psychological  system,  or  of  any  .spirit uali«ilir 
mater ialitttic  jmint  nf  view,  these  facts  may  of  Ihemsekes  afford  ns  rnlnablttj 
insight  into  the  complex  mechanlFni  of  cerebral  activity.     We  depiRnatc  thifQ- 
functinns  pstfchii-phtjfiail  in  order  to  etpressly  indicate  tliat  we  fhall  diM'iKVj 
them  not  from  the  standpoint  of  metaphysic*.  hut  solely  from  the  Ktaiulpointj 
of  physiology-,  and  wiilinut   wirihing  to  lake  any  position  with  reference  la 
fipiritualisni  or  materiatit>m. 
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g  1.    THE    SIGNIFICANCE   OF   THE   MOTOR   AND    SENSORY 
CORTICAL   AREAS 

We  linvu  "Wri  llinl  lliu  iimttir  (■nrlk-al  art'ii<  nui'ilihite  tlic  plare  of  <»rt(tin 
of  tiio  lon^-Kt«'rM3  motor  piithways.  and  that  tin?  si-n-^ory  pjilhwuys  tcrrninale 
in  liilTiTinil  cortknl  anus.  What  then  i»  the  ptiy;>iological  nntl  psyrliolo^riral 
sipiilifancc  of  these  flreas? 

'riu'nn-ticnllv,  ilir  i^iiiiplext  Twychiml  event*  prolmlily  ttiVe  plncp  in  the 
rorlit'nl  nrcaa  of  iho  hif^hor  wii«w.  for  in  sui-h  cventti  Ihi-  iHnlily  im»vviiu'nti< 
plHV  hut  a  rt-Intively  suhordinole  part,  or  a1  least  *\o  not  occupy  >*o  pioiniriPtit 
II  pllK^•  in  mrisrin listless  ns  i\a  the  sensory  components  of  our  cxpcrienees.  We 
liliul)  1hfn?f(in'  tH?jrin  with  thi'  sensory  art'H?. 

The  conception  inoiit  wiiloly  hrM  nt  prpL-icnt  is.  that  the  fxntaiion  of  thrjie 
rorfiivi  firlJs  itself  pnwluee!'  the  appropriate  t^iniple.  (ifHvial  wnsal ions ;  that 
the  simple  visual  tH.'n.-'alionn.  for  example,  arise  in  the  viisual  area  uf  the 
occipital  |f>I)c;  tlie  simple  auditory  iMdijyitionn  in  the  amlitnry  areo  of  the 
ternpornl  Io1r>,  ele. 

But  this  cannot  lie  looked  upon  a*  aclnally  proved  If,  for  example,  we 
follow  in  niir  imaRinntion  the  eonductinp  pathway  of  optical  impn'asioiis  from 
the  [M'riphery  to  llie  wn-liral  cortex  il  is  evident  at  onw  that  any  cimplele 
interruption  of  that  pathway,  no  matter  where  it  niipht  occur,  would  cnuite 
total  hlindnosi*;  also  that  any  [inrtifll  interruption,  wherever  it  mi^ht  occur, 
woultl  necessarily  prtMluce  partial  blindiie>i!ii.  From  this  point  of  view  it  ii. 
n  mailer  of  inditTerence  whether  the  interniption  take  place  by  a  pi-ripbcml 
lesion  or  liy  n  lesion  in  the  eornspondiny  part  «)f  the  oplital  «irte.\.  if  only  we 
can  assunu*  tluil  lite  activity  of  any  ptirl  <>f  llu-  ix-rclirum,  1r'  it  never  m*  small, 
will  occasion  a  cnuseinui:  pni<ce.t.<i,  then  one  eon  twy  that  the  simplest  viAual 
impre!>sion  is  produced  hy  excitation  of  Llie  optical  hkb  in  tlic  cortex.  But 
this  is  only  an  unprovi-d  postulate. 

Moreover,  our  simplest  eorisoious  fitates  are  always  very  eouipliealeil,  With 
llie  siuijilcst  optical  impn'ssinri — that,  for  example,  of  a  luinlitomi  ]K>iiil — we 
ohwrvc  nut  only  (he  strcnjith  of  the  li^lit  and  the  color,  hut  its  |Mwilion  in  the 
field  of  vision,  its  apparent  distance  from  the  eye.  \t»  apparent  sijte.  .Ml  thia 
is  given  at  the  first  nlanct^  and  il  is  at  least  very  ilitlicull  to  supjMwe  rliat  all 
this  ean  c-ome  iiim  c<msci(UisueHi  hy  the  activity  o/  llif  optii-al  eortei:  alone. 

It  would  appear  to  Ite  ju»tillal>le  therefore  to  ai«ume  that  pathways  pass 
out  from  the  optieal  eorlex  anil  connect  thU  field  with  other*,  and  that  even 
the  fiimplest  visual  »4'nsjitionit  niguire  the  cooperation  of  M'venil  ditTiTcnt 
cortical  re^rions.  The  cvcilalion  furnislHNl  tin-  optical  corlical  area  i»  of 
course  an  imporianr.  iH-rhaps  the  mnst  important,  component  of  the  whole 
process.  And  with  Fleelisig  we  would  etipcfrinlly  emphat'iz*?  the  jxiinl  that 
what  ffives  the  s<>nsalion  iIh  active  character,  what  makes  it  esi^enltally  clear 
and  dislincl.  is  hmuplit  alvout  hy  ihis  verv  component. 

The  uianifohl  wayn  in  which  Ihf  tiiffrrrnl  itrnxon/  arras  arr  mnnrrtril 
togplhfr  ami  the  (jrwit  im[>ortance  of  sueh  eonneelion  for  the  ohjiTlive  valua- 
tion of  our  wn-ie  inipn>**ion.'«  are  lieaulifully  illustrated  hy  the  following 
oI»H>rvation  on  nueec-isfullv  ofieralc*!  pntients  horn  hlind.  Such  persons  learn 
to  recognize  an  external  object  pr^cnted  to  tlieni  by  feelinj;  it  with  the  finj 
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— i.e.,  the  visual  impression  gets  its  proper  intcriirftadon  throup-li  the  idea 
nlreHiiy  gaint'd  I'V  tom-h.  Hul  if  the  palieiil  ha."  swii  in  this  way  nn  nby 
a  »ini{lc  tiiiii?,  hi-  is  able  to  reoognize  it  iriimnliately  with  the  oyo  the  rn 
time.  The  eonm-ctions  of  Ihi?  optieal  (H'liter  with  the  other  pnrttt  of 
cerebral  cortex  were  then-fore  already  present,  aud  it  was  only  necewary 
the  patient  to  compare  the  visual  inipression  with  the  tactile  iiniireiuiinn 
piiu^'le  time  in  order  to  fix  the  memory  pieliire  of  the  ohjpct  permaoentk 
It  can  scarcely  bt"  maintained  therefore  that  the  opticiil  memory  pictures  are. 
as  has  60  often  been  assumed,  m  to  speak  imprinteil  on  the  optical  coiiet. 
for  in  caM}^  like  these  just  described  there  would  not  he  lime  enough  to  forra 
sueh  an  imprint. 

Tho  exhaurtive  analysis  which  Exner  han  made  of  the  Tiaual  <lif«ordfr»  oh- 
9erv«-<l  by  IlitKin  followiuir  k*fiun6  nf  tlu-  uiotur  t-iirtcx  iti  the  doc  (i*f.  patfv  tl'i.'t 
<hnwM  thtit  ililTirfiit  <'iirti<-al  (ii'lils  i)iirtini])at4'  in  ihi-  iH-rL-upiiun  of  ihinfrs  vir«urtlly, 
Wlu'ii  the  curli'x  witliin  ilie  niutiir  rejfioii  is  dentroyi'<l,  many  lilM*rtt  which  i-onnf 
the  necipitn]  lulji-  witli  this  rfgioii  arc  severed.  Ih-nc«>  the  [ttrccption  anmw^  by' 
api>ni]>n»le  HlinniUtiuu  of  the  ojitic  nerve  will  tjc  wniitinK  in  thuuM*  oom]>oDPD 
which  relate  to  motility.  Consequently  the  t'laburation  nf  the  visual  impntiiKiun 
after  the  operation  beeome«  deficient  and  hi'miambtyopia  sets  in,  iiuiw-ithstathl' 
in(f  that  the  optieni  rorlex  i»  intact.  Rrcovtry  fmm  th«  visual  clisonlcr  i»  pot- 
»ible  Ixcnuste  the  hemisphere  of  the  opposite  side  tnkeri  up  the  functions  of  tlw 
iiijureil  stidp,  coiioectintis  beinR  pradunlly  catablislicd  which  lend  ultimutfl^  i 
complute  restitutiun  of  fuiicliun.  Kxliriinlinn  v.'ithiii  thit  uccipitat  lotH.*  uf  tl 
injiin'tl  hvniispliere  now  is  without  effect  hecau»e  this  hemisphere  has  iio  fur- 
ther part  tu  play  in  tbi;  dubonitiun  of  visual  impresstous. 

This  interpretation  receives  snbstanliHl  support  fmm  itic  fact  that  MX'-liim 
of  the  corpus  callosum— whix-h  in  nn  injiirr-d  nnimtil  is  without  (Icmmistrable 
effect  (see  pa«e  fi4l) — in  a  Job  which  bus  already  Ifwt  th*-  motor  zone  and  has 
roeovered  from  the  resulting  bciniumblyi-'piu.  immediately  produces  thi»  disur- 
dcr  again  and  leaves  no  possibility  <>f  rrcovery.  I.ikevriK*-  thv  hctntamhlyopia 
c^mliiniea  iienoanpntly  if  one  removes  a  piece  of  the  cortex  and  at  the 
time  sections  the  corpui*  fiilbisuni. 

What  has  here  heen  said  of  the  vlmial  area  is  of  eourge  true  for  the  corliral 
areits  of  the  nther  hifther  Keni*e!<,  and  for  those  nf  general  ciitancoii'*  sen-tatio 
touch,  etc.;  thf  excitation  immedintely  anmseil  it^  einiveyitl  by  means  of  nei 
patliwnys  to  other  parts  of  the  brain,  and  hy  the  coiipemtion  of  wveral  difTt^rei 
cortical  tields  the  conwious  proecKs  a&toeiatcl  trith  those  particular  acnaeit 
aroused. 

Troni  all  that  we  know  of  the  central  orpans  of  the  nervous  syiilcni, 
appears  \'er»-  probable  thai  the  motor  cortical  fiehU  do  tiol  af  ihemnrlrf. 
originate  the  imirulsi^f  wlueh  thej'  nend  to  the  muscles  of  the  body,  but  tl 
thoy  mnsi  first  he  acted  upon  by  other  cortical  rejiinns.  We  naturally  Uiinl 
firt-t  of  the  clos(!ly  assoeiated  senrtnri-  cortical  rejrinn  as  n  i»ourr<»  of  a» 
eJceitation,  and  it  cannot  be  denieil  on  purely  a  primi  frrouml  thai  in 
many  simple  movements  amtised  hy  the  cortex,  the  efferent  impuUe  is  di< 
eliarpil  by  an  nffcreni  impulse  very  much  after  the  manner  of  a  reflpx.  Hej 
l»eb>njis  the  touch  relle.\,  for  exarnph\  descrilieil  by  H.  Miink,  which  mn^i^l 
of  a  feeble  flcvinn  of  the  l«»e)»  and  the  foot,  when  the  hairs  on  the  back  of  tl 
foot  arc  lightly  stroktxl  the  wrung  way,  aud  which  is  permanently  Imt  aft 
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eJttirjpation  of  the  cortical  region  corresponding  to  the  extremities.  This 
niiThBiiirtin,  however,  do<.v  nut  .■*iillW'  for  i-omplicated  movmicnts.  aii*5  slill 
luss  for  luariiJug  uvw  muvviiieuta.  lu  eudi  <.■»«;«  i^vt-ra)  other  porliutie  uf  the 
crtrtex  must  lie  called  into  p!a.v  and  it  h  ihe*  which  finally  jitinmiate  the 
di«-har;,'injr  fc-lls  of  the  motor  |mthwayi*. 

Thifi  ciinclusion  is  supported  hy  the  circumstance  that  in  localized  artificial ' 
stimulation  within  the  motor  cortex  (providtnl  no  epileptic  attack  i^  induce*]) 
tliu  Jiioveiiu'iiU  ohliiiued  arc  always  relatively  himple,  being  confineil  to  a  feir 
groups  of  mudcles.  They  almost  always  lack  the  orderly  coordination  of 
Several  different  groups  which  rharaclcrizc  (he  voluntary  movements,  and  even 
ap}M->8r  in  ctTtaiu  rcflexet;  from  the  spinal  eord  (iH-'c  page  .'STJ. 

The  followiuK  olKtervBtioii  miiy  be  cited  as  atill  further  support  for  ihia 
conception.  If  the  eorticul  nrea  nf  n  definite  part  of  the  body  be  sought  nut 
by  ele«^trical  stimulation,  and  it  In*  fl«*n  iwilftted  frcim  thr-  rest  nf  ihe  curtex  hy 
a  cireular  cut,  Ihe  effect  is  just  the  same  as  if  it  were  extirpated  in  tott% 
allhouRh  the  blood  »u|)ply  may  not  have  been  didCurbcd  by  the  proccaa  of  cultiuff 
(Jluriiiue.  Kxner,  and  Pum'th). 

The  folinwinp  experiment  by  J.  R.  KwaM  likewise  spcakn  niriiinst  the  idea 
that  thf  voluntary  nrntor  imiiuWA  oriKinnte  in  tht?  motor  cortit-id  areas.  A 
sm»ll  iieh*  i»  mude  in  the  okuH  <>f  u  doK  xnd  after  opi'niuir  the  dura  mater,  p)ec> 
trodea  are  fnstened  in  iti  sueb  a  way  that  the  cortex  can  be  stimulated  a»  thv 
■Tiimul  mfivew  freely  about.  Difffn-iil  iiiovementM  can  then  bi-  iiidiieed  nccord-l 
inp  as  one  or  the  other  of  the  oortienl  fields  is  stimulnlfd:  hut  tht'  animal  lukea 
no  noliec  of  thi-ni,  i-ven  when  jii*t  in  the  act  of  makiiiff  a  vohmtary  movpmenL 
It  i<4  clear  llial:  such  a  Hlinuilua  dueit  unl  ioterfere  with  the  normal  Btimulua. 
which,  it  would  seem,  therefore,  mu*t  oritciuate  elsewhere. 


§2.    LANGUAGE    FACULTIES 

The  nhilily  to  nse  lanfniaK^'-  i*  f^'™  "  eurwiri-  liurvey  of  the  way  in  which 
we  ae(|uire  the  power  of  spet»c'h  will  show,  requires*  the  cooperation  of  a  nutiiluT 
of  different  parts  of  the  cerehral  cortex.  Lcxiomt  in  different  parts  of  the 
cortex  and  of  the  eorona  rodiata  prrxluc**  various  diwinlers  in  the  languajie 
|>ow«Ts.  the  study  of  which  will  ^nve  u«  further  iraiphl  into  the  mechanism 
conccrtiwl  in  psychophywical  prmi-^ws.  What  follows  is  based  niairdy  on  llie 
idea^  of  v.  Motiakow. 

A  child  is  bom  with  the  ability  to  move  all  his  muaclca;  he  bcck  and  heani. 
But  he  IftrltH  for  the  most  part  the  power  I(»  eot^rrlinate  hia  movements  to  atiy 
purpoite:  he  dao*  uut  understand  what  he  scca.  he  doea  not  comprehend  what  he 
hears;  he  baa  "  no  language  but  a  ci?-."  But  bia  power  to  ace  and  to  bear  bfgina 
to  be  exercised.  He  Kri>duiill>*  IcNnx'  to  rec«>Kni«*  jieople  and  the  eommoiM^t 
objects  about  him,  he  hears  the  name!)  by  which  tlie»<e  iteople  and  thinit^  are 
called  and  Icnms  tittle  by  lilth-  to  reco)rui»--  fhi'm.  Finally,  lie  btvins  to  imi- 
iBt*-  these  sounds  and  after  many  fruitless  nltcmpts  aueeeeds  at  laal  in  com- 
pBasimr  the  fin>t  iiitelliKiblc  and  orderl.v  articulate  Bound.  This  is  usually  the 
name  of  his  mother. 

And  M  it  (coes  on.  The  child  pains  wider  knowlednc  from  the  appearance 
of  different  object*.  U-amH  their  name*  and  practices  them — i.e.  learns  to  make 
the  necessary  movements  of  his  orgnna  of  speech. 
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Soon  the  ability  to  form  idtiis  in  dvyfloptril,  by  which  U'C  mean  that 
cliUd   Iteania   to   include  tlie  t^iliKle  concrfle  nbjeeta  of  the  »a3ue    kind    luiiicr 
common  dosi^rmiii"".    Ami  ue  lii-t  mental  i)ovwrs  iIpvHkp  slill  furtht-r.  he 
to  inoon*"'""'*'  iJi*"  ^1'"  circle  rif  idens  notional  cnnncminar  the  rplntions  of  obj< 
to  one  fliitither,  notions  of  ihoir  properties,  their  position  in    time    ami  *j 
etc.    Fiiiully,  the  abxtrnct  idi>a^  aUo  U'uiu  lo  be  moTv  ihuii  mere  wortU  for 
child,  A)i(l  a  view  of  the  wurld.  as  yet  of  course  very  ra^e  and    iiidetinil 
become-  his  own. 

Tn   nil   this  emirsr   of  dr'Tclopniriit   rif   the   mental   powers,   xpe^rtt    pluy*i 
clL-tenniniiig   part  ami   thi*   piirt    bwoines   nmn'  siftnifieanl    iho    more    thp  chi 
comes  to  reJy  upon  abstract  ideus.     He  retiuires  no  great  store  of  words  to 
nwent  (ibjeci»  themselves  niid  their  ^iiuple^l  relatione  to  each  other,  fnr  «lii 
contemplntiiin  will  Htrve  him  hf^re.     But  when  it  cumra  to  more   complica 


Tfl- 


\^. 


Co. 


0» 


^\ 


tv 


V 


t^&- 


M* 


tl*^ 


,fi*^ 


K 


oq 


Fin.  300.  —  Diagnuii  t>f  the  qtcM'h  inirt  tocrllicr  willi  tlie  variou*  c«il*ra  o*  lh«  CMrbnl 
('(jiii'criitil  ill  ii|N>pcli.  L,  iift-n  of  llir  jnum**  of  B|H.'ni.'h  niuvt>[nnit«;  A,  knm  of  wnnl 
nn^mory;  O,  tiTi-n  lA  iiicinory  (ur  the  ujilii.'  Ima^v  <i[  nritili|(.  llet.l.,  O  II.,  ft.III.,  find  Ui 
t4^rd  ueoipiiKtconvnliitioni! :>'/.,  Fit.,  Unt  tui<l  wnnmil  frunlol  c<j<ivoluti<nu ;  F  ISt..  ibtnl 
fruntttl  riinvulution  ( Bruoa'a  nn-Ji)  -.T  t,,T  It..  T  III  ,  firsl  to  tlijnl  l(Ttii|>uml  mavulutiaw; 
Cp.,  poiK^nor  rontral  convolution;  Z*)'..  inferior  ptLricTnl  b>tu«:  tun..  iKlanu  (4  ttnl:  at.  bao- 
oialian  tr«-tii  betwem  L  and  tliiu  vcnlrol  ijurtiain  tit  Uu;  mmoci^tiaa  ftreai;  tii~,  auttartptmb 
trattu 


relnttonfl  of  concrete  objects,  and  especiaUy  to  abstract  ideas,  a  satitifacioij', 

eoneeption  can  only  be  trained  throujrh  the  medium  of  lan*ruR(w. 

The  naiiK's  «if  cnnrrrlt  ohjccla  have  therefore  much  less  aiffntficnn<r?  fi 
our  mental  ciierationB  than  the  word*  fay  which  we  de)«i|iti8te  abstract  tde», 
and  we  may  conclude  from  l.his  that  the  latter  require  a  more  complex  onler 
(leiivity  on  the  part  of  ihe  brain  than  the  former.  Aeennlinirly  Wf  find 
certain  di)»i>rden«  of  cjit'i-ch  re<^uhinfir  from  injurie»  in  the  brain — e.g.,  in  lichtfT 
forms  of  the  s-j-called  nninestie  iiphnsia^tha)  The  patlentrt  forget  proper  namis 
and  the  numua  of  thiiunr*,  while  abtitracl  eubaiatitivcs,  verba,  adjectives,  etmjuiie- 
Ciona,  etc.,  arc  retained. 


LANGrAGE  FACVLTIES 


ee» 


The  laiiRiuiBc  fnculties  make  n  di«liiH't  a<Ivniice  when  Ihe  child  learns  to 
reat!  ami  wril*'.  Tbi-  ayinlwli'  of  spuken  words  uwil  in  writlvn  laiiKuuffO^ 
word*  and  the  loiters  of  which  they  are  (Tuinpnucd — are  inculcntt'd  in  the  same 
wiiy  iia  i*i>ijkt'n  words,  nnd  at  the  name  lime  The  nbility  is  arqtiin-d  t«  reprndaoe 
these  symbols  in  wriliuK.  Tin-  iin>vi'nn'iit»  ust^l  in  writing,  jutl  like  other  moTft- 
monta,  arc  controlled  by  variouB  afft^-rent  impuWa. 

Oiir  fwiwprs  of  Innjnia*!''  arc  innrlc  up  therefore  of  the  following  compo- 
nem**:  (U  Mctnorv  iiictures  of  thp  written  and  i^poken  words;  (It)  the  ability 
to  make  the  ooiinlinatwi  ninvoment*  necoft^iirr  in  speeeh  nnd  writing;  (3]| 
coiulant  ciiiUrol  of  thirf  ability  thn)«gh  various  affyrenl  palhwavK. 

I^csinns  in  certain  regions  nf  ihe  cortex  or  in  tlie  ciirona  radiata  produce 
distil rhnnco:!  of  grentcr  or  ]<»»  extent  in  thew  driirate  mm-hanJiimM.  which  are 
iiJTupreli4>iid(il  under  llio  niinic  of  aphaMa.  and  difTer  in  kind  and  extent 
ncvording  to  the  place  of  lesion. 

One  of  the  simplest  forms  of  aphasia  is  that  of  alexia,  or  word  hHminr.vi. 
whieh  is  charartcrized  hy  the  inability  to  recognize  written  or  prinleri  IpHlts 
or  to  c<>m|>ose  wonL*  of  them.  This  diwortler  (in  right-handrHl  p«>p!f>)  follow* 
injury  to  the  white  matter  of  (he  left  angular  gyrus  and  of  tlie  wn-ond  oe<ipitaI 
ConvoUition.  the  Carre's  ponding  cortex  remaining  iitiinjuix'd.  Simple  alexia 
would  thus  be  produced  liy  interruption  of  Dw  As-wieiation  fiber*  connecting 
the  viiiual  cortical  area  with  other  cortical  rpgicmt;  which  arp  active  in  the 
Ujte  of  ](ingTjage.  When  the  cortex  alone  of  the  angular  gTtnw  is  affwtod. 
alexia  dotv-*  not  ensue,  and  this  may  Iw  tak^Ti  as  a  proof  thnt  that  portion  of  the 
cortex  is  not.  as  has  hwn  su]jposed  by  many  aulhors,  the  "center  "  for  reading. 

Alexia  may  occur  without  affecting  the  ability  to  gpeak.  and  this  is  readily 
understood  when  we  remember  that  asido  from  writing  w^ading  is  the  latest 
ac^iiireinenl  in  the  development  of  (he  language  (Hiwers.  and  might  well  exer- 
cise but  a  alight  influence  on  the  speech  mechanism  pure  and  simple. 

If  !!«  piisAibte  for  the  patient  to  be  abl^  to  write  even  when  he  cannot  read|.. 
and  this  h  explained  by  supposinff  that  rhu  nKsociuliou  pniliways  which  arc 
uclive  in  writiiiK  have  es<>a[H-(l  the  leRi<tn.  Such  u  patient  may  even  suc^e^■^l 
in  deciphering  script  or  prinlinp  by  cxecuiinir  the  apprviprinte  moTcmt-nta  for 
making  the  letters  which  he  wi><i,  bnt  would  not  otherwise  comprehend.  In 
this  I'aiw  he  n-atli*  by  uhihk  'be  memory  picliires  nf  these  irnvtinenti*  and  by 
brinRiuK  tbein  through  ns^iteiation  tibens  into  conn<!ctioii  with  the  cortical  areoft 
which  mediate  the  nuccsgary  movements  of  the  organ  of  speech. 

Other  disorders  of  the  language  powers  are  produced  by  lesions  within  the 
reil  awa  in  Kig.  'iiHu  and  the  while  matter  lying  inimcdiaiely  under  it.  In 
righl-handrtl  )i«x>ple  it  is  always  the  left  hemisphere  which  in  affittcd.  The«e 
(lisortlerK  ditTcr  iHtth  in  kind  and  extent,  and  can  Ih>  divided  inlo  two  gmu|» 
— motor  mid  w.-n«iry  aphasia — according  us  the  expressive  or  the  |>ercuptive 
phase  of  language  is  the  more  affected.  Between  the  two  are  various  inter- 
roetliatc  tniKlilicalJons. 

Motor  aphaina.  which  through  the  work  of  Broea  has  been  of  so  much 
importance  for  the  development  of  our  views  concerning  Ihe  function*  of  the 
cvrebrnni  (see  jMige  ti-ti),  ap|M'ars  in  its  purest  and  simpb-st  form  when  only 
the  special  motor  functions  of  speech  are  arrested.     In  this  case  the  person 
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affected  can  write  and  can  iimlL-rstarMl  wriUen  or  spoken  words  uorinallr. 
cannot  ^pe^k  or  road  aloiid  either  voluntarily  or  after  amithtT  jKTrion. 
pari  affectoil  U  only  tlw  subcortical  portion  bfiieatli  the  |»it:lc*rior  third 
thu  third   fmnlal  tonvolutirjii.     The  li>jiion   interrupts  only   the   tonductij 
palhways  serving  the  or^^aiis  of  upci'ch.  on  iheir  way  to  ihi*  intumal  cait'^i 

But  if  the  iiirlex  of  ihi'  posterior  part  of  the  third  frontal   iHinviduiit 
(Broea's  convoEulion)    is  injured,  other  disorders  app**Br  even    1b»ij(i:li 
lesion  Im"  a  very  slight  one.    The  patient  now  loi^es.  lie-sidcs  the  i>ower  n(  ^g^vt 
inp,  the  power  <>f  writing  sporilaueously.  although  he  may  at^iiirt.*  it 
The  ability  to  ttTit<'  hv  dictation  is  always  partially  destroyed  ^oon  after 
lesion  niake^  it»  appearaniv. 

More  profound  ptill  are  the  disorders  when  the  third  left  frontal  convol 
tion  is  somewhat   more  extent*ively   injured.     Writing  .'^poiitjinwiusly  and 
dictation  lK?eonies  very  diflieull.  allhough  the  defwl  i'<  n«il  due  l«i  any  uiol 
otf^vl*  on  tlio  rijrht  arm.     It  i*  difliciilt  for  the  patient  1o  understand  wriltmr 
)iriiili-il  wordri  even  thnujih  he  riiay  reco^fiiiKe  llieiii  perfet-tly;  ho  (|uickly  tii 
of  ivadiiij:.  and  c-anuul  eonipose  words  when  the  proper  letters  are  itliown 
one  afliT  the  oIIht.  cannot  recojt^nize  words  when  llic  letleni  are  plarttl  ver 
cally  intdeiid  nf  hnrizojilally.  etc.    On  the  other  linmi.  the  uhility  to  nu'ler^li 
spoken  wordit  anil  to  copy  words  in  wrllinj;  is  ffenerally  unimpain><l. 

When  the  su|M^rior  temporal  convnlulion  is  injure«l  !*ornewliat  r-xlenjiivf 
the  other  tJTiical    form   of  apha.'*ia   apm^ars.     This  is   ealli-d.    from    itc    m< 
lininiinrnt  fivinptoni,  wuril  ihufnend  or.  after  Wernicke  who  Brsl  tlfseriliei)  itT 
scH-funj  aphasia.  ^i 

This  form  of  aiilnniifl  may  alito  lio  very  simple  in  rharaeier:  tho  patic^H 
can  Kpoak,  read  atid  write;  his  rninprehen.-^ioTi  of  lan):iitt};e  i.i  undisturbed,  h^^i 
he  eannot  understand  sp<ik<'n  woriU.  whereas  lie  can  not  only  hear  hul  alwj 
corri-etly  interpret  every  oilier  kind  of  noise  and  soiuid.     He  lacks  the  alnlil 
to  interpret  Ihe  wmniU  of  letters;  and  this  is  probably  due  to  the  interniptic 
of  certain  association  pathway's,  the  elemejiU  serving  other  Innf^nnge  facultit 
r<-]nainiiig  unimpaired. 

As  a  ride,  however,  word  doafnf-.is  i.*  closely  nsnooiftted  with  much  raai 
serious  disorders.    This  is  what  we  should  e\(KHl.  if  we  reini'nilter  how  eni 
is  the  influi-ncc  of  spoken  words  on  the  total   Ian;inajre  jtowers.   and   In 
nnnierons  nre  the  conni'ctions  of  the  auditory  association  pathwayet  with  otl 
parts  of  tlie  hrain.     Any  eorlieal  lesion  in  the  temporal  IoIk;  must  iheref.^ 
niHH-s.sHrily  involve  many  different  hundles  of  association  rd«ers;  conM-iint-ntH 
word  deafne!f.<  is  aecompanie<l  by  many  different  effects  on  the  gmernl   lan- 
pua^,'*'  powers.  ^J 

fViRiVflf  obgrntitumn  have  piven  Ms  the  following  facts  with  rpttpM-t  (o  tl^^| 
rm  of  aphasia.  Willi  te^ionit  in  the  po^te^ior  part  nf  the  first  l<Mnn«ri^^ 
ivolution,  voluntary  niiei-ch  appears  on  superficial  examination  not  to 
particularly  aifected,  but  in  reality  it  is  always  parnphaste — i.  i».,  the  pel 
shows  an  iaelination  to  confuse  words  and  to  talk  gibberish;  and  sinre 
auditory  control  is  largely  impaired  he  makes  all  sorts  of  errors  in  onunct 
tion  without  being  aware  of  them.  Kepeaiing  w<tnls  after  another  |NT<u>n 
for  the  most  jiarl  inipossihle.  iKX-ausc  the  sounds  of  wor.ls  an*  not  itHainc 
long  enough  in  the  memory  lo  be  understood.     Reading  aloud  is  out  of 
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question,  becauec,  while  the  lolten*  are  aeon,  tliey  arc  not  always  rmYi^rnizeii 

OS  Rigns  of  ctTlHiii  <li-fini(i.'  M>iiiiiU.  Tln"  atiiltly  to  write  j"p(«ilnnet)U'*lv  or 
afltT  (liflalimi  ts  vi-ry  profminiily  Hfni-liil  ami  the  ability  li>  vnpy  is  often 
snniewhat  rwlucetl.  We  tiutl  liki-wim;  wlieu  tliw  liinttrurtiriii  in  wmcwhat  mDrc 
extensile  lliat  It  i?  nlwayni  dltlicult  and  sometimes  impoihiibtc  for  the  patient 
to  iiiideri^laiul  uriting. 

The  fliBordere  which  are  priKlut-tHl  by  Icmoiu  of  the  first  tfinpural  miivolu- 
lion  miiy  vary  nl*<j  aeeonJiiiK  l<«  ihf  mental  ami  lilernry  cultiire  of  the  indi- 
vidual, lliifhiy  eiluontfil  iH-tvunK  MitTcr  U-m  in  iht-tr  ability  tu  iiiidrj-^tiiud 
writlrii  or  s|Hfken  words  or  in  iheir  ability  to  write  than  dn  the  utiivUieiilMl. 

Hecovcnj  vf  Utntjuage  pvwertt  Ifwt  by  thuw  vnricmi  ]<>>i<iiiK  in  tit  a  crx-aler 
«r  lesiw  extent  |MWsil)l(\  This  is  explninrd  in  [lart  liy  tin;  Hs.stini|»tinii  nf  the  lost 
fiinctioui'  by  the  rifrhl  herniKiihon-,  iitkI  in  jinrt  [lo^iihly  by  the  es-tablishinerit 
of  new  ansneiatirtnn  by  meanjt  of  ooIUtt-ral  and  other  couneotionH  which  hnvo 
been  left  imharnied. 

When  tlie  hiiiKUiiKi--  powvm  urt  <lestn>.^icd  to  any  gn-at  extent,  tlw  mr-nial 
powers  niiiwt  naturally  suffer.  Here  ntrain  the  extent  and  rluration  nf  lb«*  dia- 
order  will  dviiectd  iiihui  the  poi^itioti  anil  extent  of  the  letiion  aa  well  mn  uiKm 
the  n'htltvi'  im|Kkrt»nrr  of  the  Hiffen-nt  (•oniimnt'nli*  in  the  jHTSon's  particular 
lanK^UH(;r>  nH>«'hanisni.  If.  im*  in  usually  the  eaiH-.  the  indivtiluul  i>i  iiir(niiK>ed 
mn-it  by  the  iiiimid  imufit*!>  of  wonU.  wi'tird  rienfoess  wnnld  naliindly  pnMlncc  a 
ureiiter  nilueti'tii  in  bin  iiilelliRenep  than  if  h«  relied  mainly  u|>on  memory 
pielurea  of  printed  ur  written  word*. 

flosi'Iv  relateil  bill  ti"!  i(b'ntiiiil  with  the  Ittntjnaifr  ftiniHirx  an*  ihe  mti^iiral 
factiHim.  Mnsie  efinsliliiles  a  liin^nn^e  r>f  il.H  nwn,  the  tiin-r  iiunik-i-h  of  nhieh 
are  iiilelliKible  only  to  a  [elatively  few  favnnxl  individualM.  Clinieal  olwerva- 
linns  made  within  reeent  yeari<  have  nhown  that  hmin  dit«<-HMM  may  eaiim.' 
disorders  in  these  |xiwcn»  ojtaetly  sitnilar  to  those  afTet(iii)j  the  or«linary  lan- 
j;ii«l,'e  facultir*.  Thtis  wi-  find  loss  nf  the  ability  to  (dnj;  (voeal  motor 
a|>hntiia),  nrtle  blindm-)^,  Inat^  of  the  aliility  to  write  mufieal  nntiw  (innsieal 
agraphia),  tunc  deafiiOH!^,  ete.,  all  of  which  are  comprehended  under  the 
^•neral  term  aniujtia.  There  it*  also  n  wrtain  deynv  nf  indepi'iidence 
both  in  the  relation  of  these  to  one  another  and  in  their  relatiimo  to  aphakia. 
For  example,  a  perfjon  may  Im*  able  to  «inp  and  not  to  itjicak,  or  to  speak  and 
not  to  sing.  It  is  pmlHibU'  that  at  leapt  i^erlain  of  the  special  elinieal  forms 
of  ntnuKta  are  analnuiically  indeiK-mh-ut.  and  that  Ihey  arc  caniied  by  lesions 
in  the  vicinity  of  those  wideh  pmdnce  the  different  forms  of  aplia'^ia.  The 
localization  for  that  ^[H-ciat  form  of  amnsia  known  as  tone  den fnew.  which  is 
charaeterizwl  hy  hwn  of  ilic  ability  to  nvopnizc  musical  i*«-iimd-*  as  anch,  ii 
probably  in  the  (\n^t  or  fir^:!  and  >:crond  omvohitinnri  of  the  left  temporal  lobo' 
in  front  of  the  rojjion  the  dc-tniction  of  which  can««  woni  deafness  (Kdgren). 

8  3.    THE  ASSOCIATION  CENTERS  OF  FLECHSIG 

The  discussion  in  the  prei-ediiitr  pHnijrraphs  has  tanjrlit  us  tlial  the  hig^her 
functions  of  the  brain  which  arc  in  the  ininu'<!iate  wrvice  of  the  mental  facul- 
ties aro  carried  out  under  tlw  cooperation  of  several  cortical  region)).    Brain 
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anatomy  has  long  since  demonstrated  various  systems  of  fil>era  by  which  the 
two  hemispheres  and  different  regions  of  the  same  hemisphere  are  joined 
together.  And  quite  recently  our  knowledge  of  the  subject  has  been  enriched 
so  materially  by  the  investigations  of  Flechsig  that  future  researches  in  thid 
field  will  have  a  much  safer  point  of  departure  than  hitherto. 


A.    AHATOMICAL 

From  wliat  we  have  learned  in  preceding  sections  we  know  that  only  about 
one  third  of  the  entire  surface  of  the  cerebrum  is  in  direct  connection  with 
tracts  which  mediate  sensory  impressions  and  arouse  mental  mechanisms. 
We  know,  moreover,  both  from  the  anatomical  structure  of  the  brain  and 
from  the  fairly  certain  localization  of  cortical  motor  and  sensory  arcan,  that 
the  remaining  parts  of  the  cerebral  cortex  have  nothing  whatever  to  do  with 
afferent  or  efferent  tracts.  They  serve  to  connect  and  associate  the  impulses 
delivered  by  the  sensory  nerves,  to  originate  the  resulting  motor  impulses,  and 


FiQ.  21)7. — Tin-  tnydof^eiiDtic  areas  of  the  human  brain,  oulpr  surface,  after  Flpchjtip;. 

to  elaborate  iiere(']ilinn.s  into  hij^lier  mental  pnict-sws ;  in  short,  tlie.'ic  part;!  arc 
to  be  rofranlcil  as  the  orijans  nf  our  piireli/  psi/vli  icnl  adirilicK.  \Vc  shall  speak 
of  tliem  in  itic  following  jiuges  as  tlie  iiKnoruitiori  (•eniern. 

We  find  tiTifficipiit  frroiinds  for  this  view  b<ith  in  the  clinical  observations 
wiiich  bavi'  been  iriadi>  and  in  the  K'sults  of  nnntomioal  investigation.  The 
iiiicnis(-n]>i('!il  stnictiiro  of  these  parts  of  the  cortex  alone  indicates  that  they 
are  111'  ilitTerrTil  cluinietiT  from  tlie  ulhcr  eorlieal  iin'as,  Wliile  the  cortieal 
iireiis  of  llic  (Hives  of  s|ieeia!  sense  jiossess  in  eai'b  ens(r  something  whieh 
ell  iMJv  nciilU  ihi'  ilisirilmlioTi  of  nerves  in  the  partieubir  iHriphcral  orRHii  U* 
wliitb  eaili  corresponds,  the  absoeiatiuii  centers  have  more  in  common.     Although 
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they  are  noatu^rcd  wUlfly  over  Ihe  surface  of  lh<*  wrt-linim.  ihi-  Tnicrfl«r(iplcfll 

Blruclurc  is  mucli  the  name  typp  in  all  of  them. 

Till'  4I1IIIL'  tliiiiK  is  tiMii^ht  by  tl)t>  iiiodi'  iif  ilicvt'lupmenl  of  the  myelin  niih- 
stiinrn  in  tlip  wliiip  mntler  nf  the  brain.  It  ia  wt-II  known,  ihroiif^h  the  work  of 
Flrt'lisip.  (hitt  tht  AIhth  running  t«i  tvrtiiin  arcji>«  uf  the  (Mtrtcx  rofpive  their 
iiifJiillury  kIr'uIIu  miK-h  rarlicr  than  ihoHc  runnintf  tn  other  an-as.  In  fart,  at 
a  liinf  wln-n  the  Tn,ve1iri  »uh;tianrc  in  aomc  rotiviiliit ions  i«  nlmiwt  entirely  e4>in- 
plet<'.  in  rillioni  it  i«  jnst  hef^inninit,  and  in  Htill  other*  has  reat-hcd  a  me«lium 
8ta^  of  derelnpmeiit.     At  certain  RtnurrJ,  therefore,  we  cnn   diatin(n>>"h  iumIuI- 
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Flo.  8Mt     Mjrrtoaiiii  lii  mita*  nf  \hp  bunuui  limin,  inner  nufMv.  After  Flvduig. 

laleJ,  n [in mi-du Hilled  untl  half-mpdutlated  convolutionii  which  prment  uniform 
Btrurturcf)  ihrouphout.  and  in  nil  individuals  uf  nti|jruxiinn1ely  the  name  age 
have  pructicHlly  the  luiine  reUtive  jKUiitinn.  Kl<>ehhiir  dii«tin(cuii^he«  thirty-itix 
such  **  ni.veIo(renetic  "  artos.  They  ore  nmnl>ercd  nceordinfr  to  the  order  in  whieh 
Uiey  rweive  their  myelin  subntance,  an<l  urt;  divided  (r)irunulo|{ically  inlo  lhn« 
Kronpii. 

Those  areas  which  are  mostly  myelinntn]  at  birth  at  term  ar«  called  by 
Fltflisiu  primordial  rfgiomi:  here  Wlmiic  X('«.  1  to  10.  V\k».  i^l  and  il'H. 
Analoniieally  ihey  are  dislin^inhcd  mainly  by  their  fn^at  richne»i»  in  p«thK  to 
and  from  the  iiubcortieal  c«'ntiTt»  <)irojet'lioti  fibi'ra).  By  compariwHi  of  Fiift. 
30"  and  2I1.S  with  Firs.  2!ia  and  294,  it  may  be  »ecn  that  these  areas  endiroi-e  Ike 
|Kiints  of  entninec  intu  Ibe  cortex  of  all  Beni«ir>'  pniliways  as  well  a*  the  puinta 
of  exit  of  all  the  mclor  pathwnya.  It  is  not  known  at  |ir»'M*nt  whc-ther  certain 
of  th(*e  primonlial  reuiong  (for  example.  No.  10,  Fig.  297)  arv  o-nnerted  with 
periphcrnl  end  organs  or  not. 

The  -eei.nd  Kronp  of  cortical  ureas  inelihles  the  tnttrmtdinrtl  ritffiona  (Noi. 
11  to  30)  in  whieh  the  niyrliualion  Ix-sins  befon-  the  end  of  the  first  month 
after  birth.  To  the  third  Kn>U|i.  Ihe  terminnl  rej/ionx,  belong  th<«e  area*  whii-li 
arc  myelinated  after  the  firfll  month  (3]   lo  36).     In  tbcw  b»  well  a*  the  moat 
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iiitpmifdiary  reKtOQH  there  are  fewer  projecliun  fibers  tUau  in  the   prit 
reKioii^.     Tiidivulufj]   fiU'i-s  iiidot-il  iirt  lo  \n-  rlcmuiniLruLed,  liut    ihcy  are 
scarce  as  cnmiiiiri'il  with  tho^e  in  other  trnpu. 

The  tcmuiial  regiotiB.  dii  the  olht-r  hand,  arc  richest  in  attsooiation  fiUn, 
that  is,  ill  tibeni  riitiiiiiiK  fmm  iiiii>  reifinii  of  the  ciiii(>x  to  th4>  other;  in  fiKl 
they  niu>'  Ih'  said  to  tsfiiKtitutc;  thr  iitKlal  {xiiiits  uf  the  Intix  ttKHnt-iation  ayntea^. 
Rut  ilic-m  are  iio  lonp  Bystems  To  be  found  which  can  be  Raid  to  unite  any  two 
primordial  regions  regarded  on  st-nsoiy  eenlers,  A  visual  and  an  auditory  im- 
)in-Ti!»ii>ii.  for  r-xnrti[de,  pniilil  not  m<ft  in  a  ]»riiiiiin]iii1  center:  thi:s  cuuld 
huiipeii  ill  one  uf  ibe  intermediiirj'  or  lemiiiial  regi<m». 

The  \mt   named  thcrL'fon'  cons'tiUite  asHociatinn  wiiturs.     Thrpc  rpjfif 
in  vach  butii  iff  (here  are  embraeed  by  Ihem,  namely,  a  fr»mtal  or  anterior. 
insutar  or  middh*.  and  a  parieia-arfipiUi- temporal  or  posterior  n-jrinn,     Thir 
is  no  reason   lo  hclievt!  Ilial   ihcst^  llinn'  are  of  c<|ual   imiKirtnut-f    for   tl 
psvehical    funelioni' ;  in    faet    their   jio^itionj*   with   reference  to    the   *ii(Tem 
sensory  nreti.t  would  seem  to  indicate  that  they  have  Rpoeinl  fimctionti, 
posterior  association  eenter  is  intercalated  l>etween  the  visual,   tho  nnA\u 
nnd  the   tai-tih-  arcai*;  tlie  anterior  between   the  tactile  and    the  olfat'torv- 
priibahly  iiImi    Ihc  f,'iiKttilorv— iin-as;    ihe   middli'   Ih-Iwiiti    the   amlitorv.    tl 
olfaetory  and  the  lactiU-  an^as. 

The  anterior  center  is  fonm-d  I»y  the  anterior  half  of  th**  first  anil  \Xi 
^ri'Hler  jmrl  of  the  second  convolutions.  On  the  Imsal  side  of  the  frontal  Iftll 
the;iV'nis  n^-liix  particularly  U'lonjirs  t'l  tliic  ivtiler.  Tlie  middle  tt-nler  covi^ 
the  iiiHiila,  The  imsterior  ci'ntcr  embraces  the  precuneus,  the  jvarieial  .1.1 
volutions.  p»rt(»  of  the  linjnial  g^TUs.  the  foRiform  E\'niJ*.  tlu*  BooomI  ax 
tJiird  t('ro|>on]l  nnd  the  anterior  portioiit^  of  all  thrt-e  occipital  convoliiljc 
(wv  Kigri.  itSia  and  :.'!)■!). 


B.    THE  ANTERIOR   ASSOCIATIOH   CENTER 

We  have  atrend.v  teariieii  fmiii  uliKtiTiitioiin  011  iiniitiHU  thiil  extirpation 
the  frontal  lobes  jimduee^  iiotcworlh.v  iiherHtion»  in  ihe  iiit*'lligiene«  and  rhal 
acter  i»f  the  animal.  After  removal  of  the  most  anterior  piirttou  of  tlw*  briiii 
dofi^R  be«*oine  exceiNliiirrly  irritable.  tlarmli'iUs  iroo^l-naturiHl  anirnalH  brcni 
6eree  and  malic-iouM.  so  that  offer  the  o|)erulioi)  they  will  not  even  allow  theii 
tielvex  \t>  1)1*  liiueheil.  Tbi-  iiiiim«lV  inoveint^ntH  are  pxivcdingly  c-umlinoiH  and 
awkward.  IIu  eaninil  bold  a  btme  6rm].v,  his  whole  carriaiie  uf  himself  \*  \xn{ 
steady,  he  Kiiiinbletii  eaKil.v  and  on  a  tilippery  door  a1  once  lot^es  his  footing;  ((ioltz^ 

In  line  with  this,  liianehi  ha.**  nbAerve<l  thiil  tho  inteiligitiin*  with  whieh 
monkey  pTfonn*  complicated  acts  i«  often  greatly  atfeote<i  by  the  Kun'ml 
both  frontal  lulxw. 

Similar  fhnnjjps  in  ohnTaeter  have  Tiot  infrrquently  t«vn  nh^rrvod  In  m( 
wifh  legion*  of  lln'  frontal  eotivnlutinns.     Pcrsoop,  wbn  In-fore  were  well  di^ 
posed  and  nnlerlv.  lufHtne  fooliiih,  impatient  and  head.«1ronK.  ami  at  the  ^^i 
lime  clianKcablc  and  fickle.     Neither  sen*orv  nor  motor  disoffjem  of  anr  kim 
can  be  demonstratpil  on  them  fWelt). 

FleehBig  ha«  given  the  followinp  description  of  the  effeels  of  Uwion^ 
tluf  frontal  asHoeiation  renters  observed  on  men.    The  patient  srinietimw 
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all  sense  of  hw  Actual  ivlatintut  to  llii-  vr(»rld,  imajpiiiug  liiiiisclf  |»nr(,*ps.W  of 
;;ri'(il  woaltli,  or  Ww  rm-ipii-nt  nf  liiph  lumors;  tflimjliiiu-s  hi'  wmfiisrs  ikt- 
cepliottis  wf  f.vtt>riiHl  i»lijt*«|j*  willi  llii*  inner  fonsciousru-Hi-  of  Iiih  own  piTiJon, 
.)r  I'iVy  vrrMi,  hi*  conscinurtiu't*."  of  hiiiisflf  with  iinpri-M^intiH  of  tin-  oiilcr  world, 
so  that  l)f  I'iUiur  forgi^ls  ttiiit  hu  exists  or  lak^^  no  iiuck-u  of  his  siirmumliiij^K. 
Thvre  mill  Iw  no  confusion  of  jrlwi?  in  the  strict  sense  of  tlic  (orm.  lie  may 
rtpwik  raliomilly  and  in  n  [x^rfcelly  orderly  wiiy  nbout  various  suhjeels  within 
hi-"  iiu-mal  j;r!i??i).  Iiiil  he  is  umil*le  lo  dislinjiiiij^h  lietwci-ii  tlir  Inn*  mid  lh«* 
fnlsf>.  thr  imajfinarv  nnd  the  rt'al,  the  [K)>uil)k'  ftiid  \\w  im{io»silile ;  mid  nhmg 
with  thiw  ilcftrl  of  the  lofjical  sen<*e  there  ptes  a  low?  of  the  rthicid  niui  esthetic 
judjrments.  so  tlint  he  doe«  things  which  are  utterly  irreetmrilnliif  with  hin 
forniiT  i-hnrn'.'ter.  Tin-  |iiitiH>nt  rhii:*  lo-e*  his  c-niiip«wiir«\  iirid  this  to  ii  jr^'Jiter 
i!e(:ixf  ihi*  more  hi'  is  iirliiali*d  iiy  slnMiir  fivliiij;  or  ic  uiidi-r  the  influence  nf 
pHssiitn.  When  once  he  bt-conieK  nnt;er«»il.  n  fit  of  Tufpy  i-oim-s  over  him  like  nii 
Bvalum-he.  A  sta^'  is  (liislly  renehif!  when-  nil  wif-coiitrol  is  lost  and  he  is 
riited  in  i'-v«ryiliiii^  tiierely  hy  the  lo^ic  of  niiidii^'s-'.  Whatever  is  ii[>i)vrttio^t 
in  his  mini!  he  doc-*  wiltiniit  rcf»iird  ti^  his  sHrroundin^s  or  to  good  tajttc.  At 
Ir<l  imbecility  ■^ta  in  und  lite  pcrMinality  i^  lost  entirely. 


C.    THE  POSTERIOR  ASSOCIATIOR  CEHTER 

Goltz  obeerved  lln-  fiillowiiitr  rffti-ts  nf  n>mcivinjr  ilip  orripitiil  lobrs  from 
dfifcs.  Thfl  tactile  senor  wns  undiMurbod.  the  atiimul  wus  luA  im-rcly  able  to 
move  nil  the  museU-^  of  his  body  voluntarily,  but  could  iHTftmn  >ill  kiiuU  of 
movements  with  nhnnst  hh  niiich  fm-ilil.v  nH  ii  nnnniit  Miiimal.  He  bad  nu  trouble 
in  i-atiuir  and  i-iudd  liohl  h  bunc  iH-'twccu  the  pau-s,  I'le. 

If  iht'  iiniinrd  whtc  vieioui*  before  the  n|M'rtition,  removal  of  the  ocoipitnl 
Iobe«  mndr  hini  dnoilr.  Nothing  then  served  to  pxcil*-  him;  li*^  wiis  wlways  oidni 
iiTiii  di'lilK-nitt'.  lint  hi*  |M'r('eii''vc  fn«'ultii*»  ocffrivd  considerable  diminution 
Btid  his  intelligence  sunk  to  a  low  levvl. 

In  man  lesionii  within  the  poaterior  afwocintlon  renter  have  lioen  observed 
tt)  pritduiv  alexin  (cf.  \m^v  titill),  und  a  more  or  less  distinctive  Iohs  of  Ihe 
]»>wer  In  intiTinvt  visual  impressions  of  other  kinds.  All  sneh  disonlern. 
whiilrver  iheir  exUnil,  Hre  included  under  the  term  "  mind  hlindni-ss"  given 
by  Ii.  Munk. 

Typieid  mini]  blindnes)*  in  man  in  chHraeteriiied  by  v.  Monnknw  in  llie  fol- 
lowiiiic  miiniKT:  The  |H'rson  atTect^l  Itui^  initkn-issi'>iis  and  M-nsaiiams  of  liuht  but 
I'Hn  no  lonirt-r  re*-M(riii&'  the  objivts  of  bis  surnmndiitp*.  Thin  is  not  b<vnuse 
bii-  niciiniry  inetiire!-  of  the  olijeels  are  B^lie.  but  l»tvanw  the  asxoL-ialiuU^  mves* 
sar>-  for  under*' tan diim  them  aw  no  lonjier  [-■■wible,  that  is,  the  meinorj-  pie- 
lun'n  eannoi  lie  ealhil  up  by  iKe  lettmil  stimuhis.  althomdi  Ibey  may  be  annisHtl 
by  another  sense,  or  tpiite  spoiitoncoilsly.  Amonjr  other  (himrs  a  person  can  tell 
tine  wdnr  from  antitber  but  eiinnot  find  the  rinhl  names  for  the  colors.  He 
ennnot  tell  just  the  (juality  nf  the  enlor  of  the  sky.  or  nf  leftTO«.  or  of  blofni.  etc 

While  the  memorv  for  many  difTcrent  forms  nf  vi«nid  imprrwioiis  may  be 
just  fts  po.!.!  a>  ever,  it  MpiH-ara  ns  a  rule  to  W  eonsiderably  impaire-l  for  r«vnt 
impression*.  Sneh  jiatieiili  nn-  unable  to  iles*-ribe  the  forms  of  «tbjeets  prc- 
nentrtl  to  ibem  just  a  moment  befon-.  while  they  have  a  pi'rfeclly  elear  pieture 
of  ubject^  wilb  whieh  they  arc  familiar,  such  as  a  knife  or  a  wnlch,  and  can 


670  PHYSIOUKiY  OF  THE  CEREBRUM 

describe  them.  They  can  also  acquire  new  optical  images,  but  it  is  much  more 
difficult  than  formerly.  Sometimes  the  memory  for  old  and  familiar  objects 
as  well  as  for  less  familiar  ones  is  affected  and  the  person  cannot  describe  well- 
known  buildings  and  streets  of  his  own  town  so  as  to  direct  another  person 
how  to  go  from  one  point  to  another.  In  severe  forms  of  mind  blint^ness  all 
objects  and  persons  alike  appear  strange,  and  may  not  be  recognized  even  in 
their  general  relations. 

What  the  patient  is  unable  to  recognize  by  optical  impressions  alone,  he 
can,  however,  properly  orient  by  means  of  other  impressions — for  example,  audi- 
tory impressions.  Thus  a  patient  who  fails  to  recognize  hifl  own  friends  by 
sight  may  recognize  them  by  their  voices,  etc. 

Mind  blindness  comes  on  if  the  lesion  extends  to  the  white  matter  of  the 
occipital  lobe,  and  in  all  probability  is  caused  by  the  interruption  of  the  asso- 
ciation pathways  and  by  injury  to  the  association  areas.  It  in  not  referable 
to  any  definite  locality,  but  can  be  produced  by  abscesses  in  different  parts  of 
the  lobe.  In  the  great  majority  of  cases  thus  far  observed,  the  abscesses  are 
situated  in  both  beniispheres.  Mind  blindness  ha;;  not  yet  been  observed  as 
the  result  of  disease  on  the  right  side  alone. 

The  phenomena  of  mind  blindness  undoubtedly  show  that  the  occipital  lobes 
play  a  determining  part  in  the  proper  evaluation  of  optical  impressions.  Ob- 
servations on  more  extensive  lesions  of  the  posterior  association  center,  in 
Flcchsig's  sense,  teach  us  also  that  mental  disorders  of  a  more  serious  nature 
may  result  from  the  loss  of  its  function. 

The  first  symptom  of  a  diseased  condition  involving  a  large  part  of  this 
center  is  incoherence  of  ideas,  that  is,  a  primary  intellectual  deficicncv  and 
something  quite  independent  of  the  effects  which  follow  purely  and  simply 
as  the  result  of  a  loss  of  ordinary  associative  connection  of  external  impres- 
sions. Many  of  these  patients  exhibit  no  lack  of  clearness  aj,  to  their  own 
person,  evinco  no  lack  of  composure  in  their  conduct,  no  d(«p  per\-ersion  of 
their  feelings  or  desires;  but  they  do  not  correi'tly  interpret  external  objects, 
and, consequently  misuse  them.  They  mistake  one  person  for  another,  and  lose 
their  Irearings  both  spatially  and  temporally.  The  mental  images  of  what  goe.'* 
on  outside  are  lost,  con.-iefiuently  a  clear  understanding  of  the  e.\temal  world 
and  that  knowledge  of  it  which  is  capal)le  of  being  put  into  words;  in  short, 
all  empirical  interpretations  of  external  inipn'ssions  are  reduced  to  naught. 
The  patient  has  thus  l>eporne  impoverislicd  for  ideas,  eventually  nothing  either 
true  or  false  enters  his  head — ho  has  become  an  idiot. 

D.    FIHAL  SURVEY 

It  is  likely  that  in  Die  morr  conipliralcd  mental  proce.'jsos  all  the  associa- 
tion and  sensory  centers  enoperale,  since  tlicy  are  united  with  each  other  bv 
nunuTous  nerve  fil)ers.  and  that  from  this  cooperation  results  the  harmonv 
of  tlio  cen'Itral  functions. 

I'lfvlisii:  1ms  uorki'il  nut  sonic  views  with  regard  to  the  mechanics  of  the 
higlHT  brain  fnm-lions.  wliirh  I  shall  abstract  briefly  here,  becaus(?  among 
MMxIiTii  n'seanlics  on  l!ie  l)riiin  which  have  a  physiological  bearing  those  of 
Kh'rhsig  undouliifdlv  lake  lirst  rank. 
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Since  the  memori/  always  anffere  in  h  preat  extent  from  deiitriictioti  of  tlie 

associutinii  i-entiTB.  the  ncrvtm.-i  i-h-meiits  with  which  the  «hilily  to  nsaW  wiiww 
iniprojwums  ie  connected  muHt  iimjucsiionablv  Im*  sought  mainly  in  ihoiH'  eeti* 
li>Ts.  Thc'  ganglion  cells  play  the  rhief  Wile  In  thi^  because,  so  far  b»  our 
I'ipi'ricticf  yet  (roes,  ihey  alone  of  all  (he  nervoiKJ  element!"  are  ablv  to  -tvrc 
lip  iiiipulmw  mill  11}  beeoiiu"  charged  with  energy-.  Without  knowing  Biiylliing 
almiit  it,  we  may  suppose  that  the  number  of  nerre  elements  whieh  are  active 
in  the  .simplent  event  of  cnnjteidur^e*w  nUHt  he  very  great. 

WUal  we  do  know  with  r-erlainty  is.  that  tokens  of  memory  (memory  pic- 
tures) which  are  iniprintf\l.  j^o  tr>  .«penk.  in  the  hrain  element**  are  more  or 
letw  firmly  n?laled  In  each  other ;  and  the  bai^iH  of  this  orgiiuie  unity  of  meninry 
lie*  in  the  uyttemalie  arrangement  of  the  numlierlew  dixparale  constituents 
of  its  physical  grnundwork. 

Thc  «]iie.itioii  as  |o  what  are  the  physical  forctw  which  bring  the  memory 
picturen  back  to  consciouMnesw  is  one  nf  particular  intercut.  We  commonly 
altribule  the  greatest  iiii^Ktrtnnce  to  nur  wiih'  impn'MHions.  imprrjwions  of  the 
outer  world,  and.  af  u  rciatler  of  fact,  thnmghoul  our  waking  hours,  the-so 
are  nil  the  time  roiiiiing  niomorv  token*. 

Hut  a  second  important  factor  eornefi  in  here.  External  imprewions  act 
to  rou-^e  the  irttaginalion  or  a  reflective  train  of  thought  moitt  potently  if 
they  at  the  «iiuie  liint?  rouse  certain  fivlings  or  Gtnotional  imptili'^'.  Anything 
that  pk'a*en  not  only  stimulate*  but  also  ijuieketw  the  imagination.  But 
hunger,  Ihirst.  ,-icvuttl  pa.'i'lion  and  many  nther  Iwdily  sensations  have  a  dirort 
Mimmoning  inthn'n!v  on  all  agrt-eable  idea."  counccti-d  with  them.  We  have 
then  in  Iho  U^dity  fe<.'lintf!)  and  general  bodily  spirits,  vhtcli  are  thc  real 
primary  forces  of  the  iinnginatinn.  n  second  regulating  factor  ufMrn  wliich 
restrt  a  very  t-uhstanlial  and  by  no  nienn«  the  insist  Hirditl  part  of  art  imd 
p<M«try. 

['rimarily  (hi'  .M'tiwtw  appear  to  lie  only  subordinate  helps  to  the  inipiilsea 
roiiiing  from  within,  hut  they  provide  us  a  store  of  material  for  llie  expression 
iif  our  fwlijigs.  Tlic  artistic  pcrftt'tinn  of  the  pictun's  which  we  cn-atc  with 
our  minds  will  di'pcnd  in  large  pan  ujkmi  iIm*  wire  with  wliii^h  this  pn-|»aratory 
work  is  doiK^.  nihui  the  sharpnew*  of  our  graj«p  of  the  aclual ;  and  the  tmagina* 
lion  will  work  to  a  given  end  the  more  effectively,  the  more  this  sensory 
inalerial  in  ullowed  |o  up^icui  lo  our  feelings,  and  m  to  take  on  t4)kens  t>v 
which  it  can  he  rcculhil  to  mind. 

But  even  in  (he  m*»sl  rmigniru-cnt  creations  of  (he  imagination  wo  have 
to  do  to  a  i-ertain  extent  with  simple  mechoiiieul  pmeeseee.  Hero  again  eon- 
diiiting  pathways,  nerve  fibers,  which  connect  the  nux-hanisuis  conceniwl  in 
thf  pnshn'tion  of  bodily  ft^^Iings  with  the  ccnlrfll  workshops  of  organized 
nicniory,  namely  the  at^sociation  ccniers,  have  a  part  tr>  play.  And  since  the 
niTves  which  serve  lo  bring  the  scnsorv'  iiupuUcs  to  con.s«ioiisness  push  through 
to  the  cortex  and  enter  the  senmry  o^nters.  we  have  converging  toward  thc 
same  corlii-al  regions  nerve  paths  wliit-h  make  us  aware  of  llie  treasures  and 
charms  of  the  rtuJcr  worM.  and  tlmsc  which  bring  to  cnm'ctousm'Sti  the  every- 
day needs  of  the  body  in  the  form  of  dc«>irw.  Both  wilhout  distinction  act 
from  thcM*  their  higlii>st  )H>in1s  of  attack  n|Hui  the  motor  mcehaniama  on  the 
one  hand  and  upon  the  intelloctuat  centers  on  the  other. 
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The  pathways  betweeu  the  eentere  which  rouse  our  desires  and  th«  in 
Icotunl  n-;;inrM  of  th^.*  cortex  are  not  catltKl  iipnn  merely  tn  clnlhe  the  ood 
of  scn.-'c  nxfRTicrices  iti  i<Ii-a».  to  hU'iilizf  llu'iii  iu  sliurt.  iiur  ini'ruly  to  facili 
their  watisfarlinn  by  rcfo^'tiili'm  of  rtu-ans  lo  that  eriil.     But  there  is  «pt 
alonK  hojiic  iL^sm-ittlivi!  jtathway  iin  iiitcrijlay,  a  workinj;  of  kU'ii--;  wliii*h  leiii 
lo  iho  matiiriit.ii»n  of  xftf-vuntviuitsncsg  a£  a  contest  between  ccnsc  and 
Along  with  inciting  impulw!'  tliere  ari)»e  sotiio  with  which  feelings  of  restra; 
nrr  ronntvlrti — ami  thus  llic  discliiirpe  of  memory  pichireis  through  tliL-  \toA\ 
desires  ciiies  In  have  a  distinetly  moral  si^niifiean™.     The  motives  art;  ne 
sarily  roblwl  of  all  their  ideal  character — the  slrug^l**  hclwi^pn  the  M^n^u 
and  the  moral  feelinjrs  is  !»ureto  lapse,  the  mmneni  the  force  of  the  intpllcct 
centers  is  panilyzed  and  Ihe  rational  conlent  of  the  emotions  iliwippi'ars.     C 
trol  if  the  omntions  rerpiirc!*  a  pnvrorfiil  r<Tcbrnm,  which  prohably  mt^ns 
the  firj^t  instance  sounilriess  of  the  frontal  a-ssiicialinn  otmlcrs. 

A  purely  mechanical  factor  iit  eoDccrnod  in  this  control  of  Ihc  Iovit  itn- 
pnlscs  of  the  cerehnim.  In  m  far  an  the  hodily  impulse?  do  not  nriiv^  liv  the 
RUtoJiiatie  cxeitatinns  of  the  central  nerve  trclls.  they  bclonjr  l»y  naiun-  lO' 
the  category  of  rofiox  procewips.  and  like  all  reflexes  are  (>"HJtin««llv  held 
check  liy  the  een^hruni,  When  Ihe  cerehnim  hceomen  weak  this  mcchani 
restraint  is  relaxed  and  the  bodily  incentive  gains  greater  control  over  the 
rattonfll  centers. 

Through  the  investigation  of  the  material  conditions  of  the  niind's  atHivit; 
medicine  is  thus  brnught  into  immediate  relations  with  the  moral  scien' 
am)  it  is  inde«^d  eom«ivab!e  that  once  she  has  properly  prasped  the  prohlei 
she  will  unhesitatingly  |iress  forward  to  the  front  rank  of  tboiic  forcfH  whii 
have  made  the  moral  clrviilion  of  mankind  their  chief  enneem.     1nve«tii;nti<iD 
tu-day  is  not  led.  as  was  the  phihiHiphy  of  the  KrUigliteMiiienl  in  the  Eigliiec-nl 
Century,  l>y  an  in;«linctive  hatred  for  the  dogma  of  the  imniatoriality  of  ti 
soul,  for  that  dngnm  in  nn  way  [irevenlit  our  undertaking  the  moral  elevalifti 
of  the  riiee  from  the  bodily  side.     What  we  must  insist  upon  is  merely  this. 
that  the  moral  fiowers  of  the  mind  like  its  other  powers  de|>cnd  to  a  gr«tt 
citcnt  U[H)n  the  bt>dy. 

A  general  clearing  up  of  problems  pertaining  lo  the  hygiene  of  the  hrain 
Ig  therefore  eminently  necessary.  Much  reniflin;^  to  lie  done  along  thi^  Iin 
if  we  arc  to  succtn-d  in  strengthening  and  establishing  the  iiatuml  groynt 
of  the  moral  fe»^Iiiigs  even  for  future  genonitionR.  Certain  it  U  that  o 
cfforth  will  ln!  MUircsHful  in  a  ineatture  din'ftly  proportional  to  the  oppnrtnniti 
afforded  the  meutaljy  ami  morally  unfortunate  of  profiling  by  the  i\w 
insight  mid  Itciter  desire*  of  ibosc  whose  lives  are  rtilwl  bv  high  ideals. 

Hut  it  is  not  alone  Ihe  practical  goals  of  life  of  which  we  get  a  glim 
in  these  consideraliono  of  the  meehanies  of  the  mind.     As  that  which 
already   realize   lo  he  one  of  the  noMest  side?i  of  our  being,  and    wliich 
IteslowLHl  («i  innnkind  in  virtue  of  the  inlellectual  centers  nt  the  brain,  heoom 
embodied   in  the  desire  to  comprehend  Ihe  nalund  onier  of  things   in  th 
realm  of  spirit  also,  the  real  advances  of  our  knowledge  in  Xh\n.  realm 
natural  science  lead  ufi  with  (he  eom|)elling  force  of  a  natural  law  at  laut  t 
nn  idea!  view  of  the  world.     The  mon'  Ihe  tnie  magnilude  nf  the  n-al  po' 
resident  iu  the  realm  of  mind  ilcclf  is  rmealed  to  us,  the  more  clearly  d 
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feel  that  Sack  of  ilie  world  of  phfnnmena  powers  are  at  work  for  wliii-h  liiiman 
knowledge  can  Mrareely  lintl  iiii  adifiiimc  mtftiiplior. 

g  4.    THE   TIME   CONSUMED   BY    PSYCHOPHYSICAL   PROCESSES 

There  remains  for  us  to  fiiimniflriKo  bripffy  what  hni*  been  discovered  with 
refcrcncp  to  the  time  m-ciipiotl  hy  psyflwiphyfieal  [jniti^tHs*. 

The  point  of  (Jt-parture  in  all  invent ijtationn  of  ihiit  Kubjet't  h  lh('  time 
retiuirwl  for  a  |Kirson  to  react  with  a  definite  voluntary  movement  to  some 
e.vItTiial  •liiiiulus  iftmpif  rfttrlion  iime).  It  will  be  apparent  ai  onee  tlial 
some  niejisurable  titiie  i«  rcqiiiral  for  siich  reactions,  if  wo  tint  rel1fi-t  lliat 
Ilie  prnpa^'ation  alone  of  a  )4tiaiulus  alon^  the  afferent  and  efFen-nt  niTvi>s  cim- 
rertind  ronMime*  «  certain  anioiinl  of  Itnie  (of,  paj^  417).  lUil  in  Iht-  pnKe-ji 
wtiieli  we  are  eonsitlering  now,  something  taken  place  ill  the  senwiriiiiii  and 
soinethiti};  in  tlif  motor  region,  and  iwtwoen  these  aometliing,  prolmhly,  elsc- 
ttliere  in  the  cortex,  all  of  which  constitute  the  p>iychoph>-i»ical  factors.  The 
special  interest  attaching  to  these  detcrininatiiinH  \tt  thai  they  will  give  us 
some  information  as  to  how  much  time  is  re<juiretl  for  Utese  purely  central 
processes. 

Experiments  in  this  field  are  u(iuall.v  carriwl  out  by  having  the  i>ubj«rt  of 
tlip  ex|M-rinM'iit  mien  the  correnl  of  »ii  clt-clrio  fliiriml  the  immK-ol  In-  receive* 
n  K'vfii  Hlimulux.  If.  fur  example,  the  reavtiuu  lime  ie  Wiug  tiikcti  for  an 
iiudili>r>'  MtiiimluH.  it  is  necctwarj'  lo  have  iu  the  same  eleeirieal  eniiiieeliitn: 
(I)  the  wijciuit.  (2)  a  key  fur  the  Hubject,  (3)  a  ki-y  b.v  which  the  riirrenl  is 
rloneil  hy  the  dirpctnr  of  the  oxperiment  nml  which  at  the  suime  inKtant  canoes 
n  Knund  to  be  mfi(Ii>  l).v  (4)  mi  uleetric  bell  nr  other  device.  The  nniiiid  which  is 
mode  when  the  current  is  clotted  eonelitutcH  the  stimulus  tu  which  the  Kubjeet 
reacUi  b.v  ojnuiinir  ihc  cmrrenl.  If  the  electric  nifinul  be  arriuijied  »•>  aif  u>  r^-e^-Td 
on  a  movinp  surfucc  the  instant.')  of  rtpeninff  and  closinir.  th*'  time  which  inter- 
venes will  lie  fhf  reaction  time.  TJus  time  can  be  determined  directly  if  a 
clnH-kworic  wh*ii*e  hnnd:*  mark  thmwrnirtths  uf  n  sM-ond  be  set  in  motion  by  ibe 
I'losinn  nnd  Hto[iix*d  by  the  opening  of  the  current.  Such  an  instrument  is 
known  u»  a  chronogcopr. 

The  simple  reaction  time  varies  all  the  way  from  0.11  to  0.fi5  second 
aeconling  to  the  ncrvonti  nrganiKatinn  of  the  Rnhjcct,  and  the  kind  of  actuory 
aliniulii^  employed.  I..ikewi«e  if  a  seriejj  of  rxperimenl.4  be  carriwl  ont  on 
the  .-iHnu'  person  and  with  llie  Hanie  kind  of  Ktimuhif.  only  varying  in  strength, 
a  cousideriible  variation  in  the  reaction  time  i»  noted,  which  cannot  lie  dne 
to  anv  varintinn  in  the  rate  of  proj-mgatinn  in  the  nerves  exercised,  cnnse- 
i|iiently  mnst  he  aceounfp<l  for  by  diffen'necfi  in  the  time  roiuume«l  in  the 
psvchopliysicfll  prooM.'w^.  Such  variations  moreover  can  he  perceive*!  Mih- 
jectively.  so  (hat  one  can  tell  within  O.OR-O.OR  of  a  second  whether  a  gisen 
reaction  lime  wai>  |onj:er  or  shorter  than  a  previous  one.  Rememl>cring  that 
the  propagation  of  the  sensory  stimulus  In'fore  it  m\is»es  the  conscion;'  i^cnsa- 
tion.  an  well  a.4  Ihc  motor  impult*  after  it  has  once  l)een  diftchargitl.  is  an 
entirely  uneoniscious  proces?.  we  see  that  the  time  subjectively  eslimateil  covers 
the  span  l»etw<H>n  pcrci-ption  of  the  sensory  impulse  and  release  of  tiie  volun- 
tary impulae. 
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The  following  table  will  give  us  some  idea  of  the  reaction  time  for  the 
different  senses: 


AlTTBOR. 

Slgbt. 

0.200 
0.306 
0.188 
0.186 
0.323 
0.193 
0.191 
0.168 

He«rinft 

0.149 

Hankel  

O.IT)! 

O.ISO 

0.183 

0.167 

0.120 

0.122 

0.115 

Electric  mUtDUUtkM 
of  the  akin. 


0.1S2 
0.155 
O.tM 
0.180 
0.901 
0.117 
0.146 
0.141 


For  the  sense  of  taste  v.  Vintschgau  has  found  the  following  reaclion 
times  for  common  salt,  sugar  and  quinin:  tip  of  the  tongue,  0.597.  0.752  and 
0.993  second  respectively ;  for  the  hase  of  the  tongue,  0.543.  0.552  and  0.503 
second  respootively.  The  reaction  time  for  different  odors  (oil  of  peppermint, 
oil  of  rose  nnd  In-rgainot  oil)  varies  in  Moldenhauer's  findings  between  <).1!>9 
and  0.374  second. 

It  is  not  surprising  that  the  reaction  times  found  by  the  different  authnrs 
for  a  given  si^nse  differ  considerably,  for  the  nervous  organization  of  the  suit- 
ject  has  always  to  be  taken  into  account. 

In  most  eases  it  requires  some  time  for  odoriferous  and  sapient  substances 
to  come  in  contact  with  the  appropriate  nerve  endings;  hence  the  longer  time 
consumed  by  a  reaction  to  these  stimuli  than  to  others. 

The  differences  obser^'ed  lietwecn  the  reaction  times  for  sight,  hearing  and 
touch  are,  an  Wundt  remarks,  probaI)ly  dependent  upon  the  different  intensitieii 
of  these  stiiimli.  For  one  and  the  same  sense  the  reaction  time  is  always 
shorter  the  stronger  tlie  stiiruilus.  We  cannot  ordinarily  compare  the  intensity 
of  a  certain  auditory  stimulus  with  that  of  a  certain  visual  .stimulus,  for  there 
is  no  standard  of  measurement  common  to  the  two.  The  threshold  stimuli 
for  the  different  senses,  however,  being  in  all  eases  just  sufficient  to  produce 
an  effect,  must  Im?  n'latively  of  the  same  strength.  \Vundt  found  in  fact  that 
the  reaction  times  for  Ihe  visual,  auditory  and  tactile  stimuli  in  the  neighl)or- 
hood  of  their  thresliold  values  were  almost  exactly  e(]ual,  namely  0.331.  0.33T, 
and  (1.3^7  second  respectively.  We  infer  from  this  and  the  facts  sunimarize«l 
in  llic  taldc  tliat  auditory  stiTiiuIi  in  general  are  more  powerful  than  optical 
or  cutaneous  stimuli. 

The  reactiim  time  is  inerensed  as  the  btKly  or  mind  becomes  fati|rue<I.  also 
as  tlie  result  of  all  sorts  of  cxeitiiip:  influences,  but  is  reduced  by  pniptice.  in 
sonic  casi-s  vcr.v  considerably.  All  this  xoes  to  prove  that  the  lenfrth  of  the 
n'aclinti  tinic  dcpciiils  essentially  on  the  duration  of  the  iisychoi>h,v«ical  pn»ces.>s 
i)r  in  iilbcT  words,  that  we  dan'  not  look  ujuin  Ibc  psychophysical  process  as  a 
IHTfcctly  constant  factor. 

If  wiirninn  be  Kiven  of  tlie  sjfriinl  just  before  it  is  made,  the  reaction  time 
is  consiilcrably  sliorter  tbnii  olhcrvvisc.  The  subject  has  his  whole  attention 
fixed  nil  the  coitiiiij,'  event,  iind.  by  sufficient  practiee.  he  can  make  the  c<'nlnil 
coiLnrction  So  leii^e  as  to  (livc  tlic  response  almost   as  promptly  as  if  it   were  a 
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piipp  n-flfx.  Tlir  musfMliir  prooeiw  |iartipulurly  is  fnoililnM  in  thift  way  and 
thr  ri'arluni  is  rhfii  (Icscribttl  ns  musrutar  rrariion.  A  rcuplioii  in  wliU-Ii  Iho 
iiltciilioii  in  ntritiiiL-il  imin-  Oipcoiiilly  to  rrt-t^iv*-  tli»*  inijin^'^inn  is  riitlcd  n  srit- 
Korii  reariUtn.  If  llu*  altciiliini  Ik-  unt  Krst  nruuiw-il.  it  reiiuirM  nioro  lime  also 
10  perceive  a  stimulus*.  Thus  Wundt  fouiul  iu  >yxw  cx[KTinH'>il  willi  the  niulitiiry 
8tiniuluK  llmi  wlicti  wiiniint;  wns  given  the  ttoiitid  niitt  heard  in  0.070  wcoiid, 
\v\wn  not  given,  in  y.usa  weond. 

Tliv  *tinly  oi  llio  clianfreM  ppojucec!  in  the  ronctinn  time  liy  nrrve  poirtnnn, 
sueh  as  nieiiliol,  nifrw  nml  ilw.  is  an  iriiiwrtaiU  nwm\»  nf  lyariiinj;  tlie  physio- 
logicul  elTwU  o/  thetie  su pittances. 

If  instcml  of  a  sinplc  stimulus,  a  aeries  of  fttiimilt  following  (»eh  other 
at  a  ilefinite  interval  he  given,  (lio  reactinnf  perwn  repeats  the  rhythm  to  a 
rerfftin  I'Mmt  irvHrpemlently.  and  iIm'  rt-adifiii  tiuip  sinks  tr»  nil.  An  AhM>lntc 
[li'teriiiinalion  of  llie  tntti*  caaniiL  be  iimilc  iiniliir  \\\\sr*:  cimiintjIaiiCKf:  the 
reaction  may  Inko  place  either  at  the  inalaut  of  stimulation,  or  a  little  aftor 
or  even  a  little  before.  According  to  Marlins  the  errors  amount  (o  ±,  0.01 
of  a  second. 

We  very  often  moot  with  plu-nnnu-na  of  lhi.-4  kind  in  nnr  everyday  Itfc 
The  playing  of  an  orchestra  laider  tlie  diriTtion  <tf  a  leader.  danrin>;  m\<\ 
marching  to  mu^ic,  are  all  ca«e«  in  {Htiiil;  likewise  the  enitciiernlion  of  heart 
bejitfi.  Km  if  the  rlirthm  of  *^imidi  be  not  perfectly  uniform  nnd  the  inter- 
vals nut  exactly  «<qtial.  it  is  impossibk'  to  react  to  them  synehninously,  anil 
■  he  onlinary  n-dction  lime  cnnieN  into  pUy  again.  By  varving  tlie  mt>lhnd  of 
esperinii-nliiliim.  we  cart  [icnctnite  t^lill  fartlier  iiila  this  rtuestton  of  die  lime 
coni<nrin'tl  hy  the  [itiycliiiphy.-iical  prnceHw.  The  tnclhodti  cmplnywl  fur  IhiH 
piirpti>e  ctiii  Ik'.sI  Im^  explaini.><l  \\y  a  few  concrete  esanipU^. 

iSuppMse  ihe  ritimuliis  he  appliwl  either  to  the  right  or  left  foot:  in  the 
Iirr<t  caice  the  subjoct  is  to  respond  with  the  right  hand,  in  the  )>«cond  with 
tlif  left.  He  hn.-!  then  not  onlv  to  perceive  a  ftimnltiA,  but  to  distingiiiish  a 
ilefinite  ]iroperty  and  to  ch(M)fie  lM!iwet*n  Iwtj  movements  On  Ihe  average  the 
time  n-qiiinvl  for  \\\\*  n-actinn  is.  aeconliiig  to  de  Jeager,  O.0G6  wvnnd  longer 
than  the  simple  reaction  time. 

tn  the  caAc  juHt  pcivcn  the  ehniei>  wai  ti  relatively  rA»y  one,  bemiise  a  Htimulus 
on  onf  fo«)t  iiMtiirally  i«UKft<^«(»  a  rvaetion  with  the  hand  of  the  same  side.  But 
if  ihe  ex)N>riuu'iil  U-  so  arranfceil  thai  when  ii  n'd  disk  appi^ars  the  suhjn't  iK  to 
rcaet  with  tlw  rtii]il  bund,  and  when  ii  bliM',  «-ilb  the  left,  tin-  litm-  x*.  tm  llm 
average  O.IM  secnnd  longer  than  the  simple  reHptinn  time.  The  pftyeho|ihysiraI 
(irooes^es  in  ihiit  cat*.-  arc  of  exiiotly  the  snnie  kind  a*  the  former:  the  greater 
interval  of  time  i*  due  1o  lite  fnct  tliat  tliere  is  no  natural  connrelion  between 
llie  9vnm  inipreifsion  and  the  muvement,  conseiiuently  thr  chtdcc  w  nmre  diffi- 
cult. The  lime  i^  Bhuricr  if  a  n-iietlun  be  required  for  only  one  of  two  sttmali. 
For  example,  a  red  or  a  blue  di^k  may  appear:  the  subject  is  to  reaet  to  the 
latter,  but  nut  to  the  fomitr.  The  time  is  then  on  ibr  averaicr  0.(W4  eertmd 
l"i»)irr  than  the  nimiite  rcuction  time  and  thus  0.12  second  *ln>rter  than  in  the 
ease  lfli*t  m«>ntioiKil,  The  principle  of  thif  methtMl  of  fiim|>lc  clmice  is  exactly 
the  aamr  a«  the  other:  rhe  indivirlual  muttt  n'<-iviti)!e  n  definite  i|ualily  in  the 
BtimuliiK  anil  cbn..*.*  iK-tn-eeii  adiiiR  and  not  actinfr.  Bnl  the  reason  why  the 
choice  can  be  made  more  qtiirkly  i*  that  the  nttentitm  U  concent  rated  on  the  |tar- 
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ticulnr  iiiipn-^aion  whifh  calix  for  l\w  reaclion.    Tbo  lime  found  is  praclin 
iKi-  timr  rt'qiiirrd  to  perceive  a  {Oven  tjiiBliiy  in  an  impression,  and  ia  called  ll 
liiscrimiaalion  time. 

Al'I'EXDIX 


NOURISHMENT  OF  THE  BRAIN 

1,  Blood  Supplff- — As  alrptiily  n'mnrhni  nt    jmik"^  573,  llie  nortniil    m-tivi 
nf  tlif  brniii  i«  very  miu-h  (iciii-ii(U:iit  on  the  bUxitl  nupply.     If  the;  bl(»iH|  mi(ji»1 
is  gKally  diminish  (I'd.  imcniiiM^iuusnciut  \«  the  result;  tbin  usually  bnp|HTu>s  t 
Fixampk-,  when  the  rjir<itidi»  un.-  i.'(iiti{ir»tHLHl.     CoiivuUiuiis  iniiy  iiImi  (r*  jmal 
ill  thv  sBtne  vruy.    Thus  if  thp  rifiht  innomiimte  nrtery  ami  thf  left  •<ubi?likvi 
wntrnl  La  tin-  verti?bru[  be  Uutitud  iii  u  mbbit.  tli€  auimiil  ulDi(.>st  iiuiuuiliiit 

Vnriiitiiiiis  in  the  blood  »uppl>-  to  the  brain  have  boon  divuK»cd  nt  pMffc 

In  casts  of  Bcci dental  defect  in   the  skull,  tlw  bruin   pulsaU.-s  in   Krown 
sons  juMi   UK  ilo   lilt.-   foiitiiiii-U   ill  yiMiiiK  cbililrcn.     Miihmi   has    found    mt 
pefBom  that  the  blood  supply  t"  the  brain  inctvasre  with  muntal  w«»rk,  and 
a  markod  doKitM-  uUo  whc-n  the  iicrunn  ia  unik-r  aining  emuliunal  cxeitrtnctiC, 
ihal  the  vi>itHol»  tr>  the  extrrniilirt^  be«on)p  nt  the  tiame  limi*  nnist rirtM]. 

If  now  it  ia  trn<-,  ax  AiippiiM'd  hy  the  nrnjority  uf  uuthon*.  thiit  vnsuriiiiti 
ncncA  are  wnntiiiK  in  llit-  vt'HNfiii  of  (he  brniik,  *wh  chaiiKc^  in  t\w  bliani  >>n[>[)! 
ran  luil.v  In-  (^>xpluiiK'd  by  KUppnsine  that  in  mental  work  ur  uii'k-r  (ho  s1i»»«  « 
fnintioni*  the  vnsoinotor  epntrv  is  stimiilatt^l  and  constriction  pr>Hlwx.-d  in  va 
ouii  eJCtmcnminl  viistndar  re^iun». 

I.ikewiw  ill  innlistnrlked  tileep,  when  no  <v)U8(-ioii3~ pnicwscs  an?  Kfiinfc  *■** 
thu  brain,  tlit?  biuiwl  i^upply  to  the  bniin  may  be  inormiHHl  by  all  sort*  of  tMn* 
»tiniuli,  without  wukintc  the  individual. 

2.  Faliffue  and  Sleep. — Nut  miLy  mental  wurk  but  (li«  waking  eomliliftn 
itticlf  faliiniea  ihe  brniu.  or  mnre  eorrrrtly  thf  cfribnim,  anil  it  mual  fmrn  ti 
to  tinio  he  piven  nn  opportunity  to  rceuporiite.     This  recuiwrntiou  of  iho  hniin< 
tak<'s  plflff^  in  sl.'cp.     If  a  pcison  i-i  denied  slocp  for  a  long  time,  very  profouiMl 
phynical  and  mi'iilnl  di«iirdiTH  rt?»ull. 

KxiK-rinifnts  have  bwn  made  to  determine  the  soundnew*  of  sleep  by  tindi 
ilie  thri'Hlnild  viiluc  i>f  an  auditory  iitimutiiit  necessaiy  to  wnke  the  per«iii 
ditfen'nt  intervals  nflcr  he  fell  aitU-e]).  Aeennlinii;  to  Sionnini;t»>fr  and  !*it»- 
bcriien.  the  drpth  of  slwp  increnaes  very  Brarlnally  up  tn  the  Mttmd  quartrr  nf 
(he  wcmul  hour.  Within  the  second  and  rhinl  quarters  of  the  same  Irnur 
iiicreai^eH  very  rapidly  and  very  jtrrntly  and  then  deereoiV))  jiut  as  rapidly 
lo  (he  first  quarter  of  the  third  hour.  Fn>m  this  point  onward  tbt'rr  ii«  a  Brad 
derreasc  nf  dfpih  whieh  continu««  to  the  fet-ond  half  of  the  fifth  hour.  Hera 
n  soeond  rilifcht  rii^e  hi^inR,  hnr  the  level  is  comparatively  unifunn  fnttn  abont 
the  fifth  hour  onward  (ef.  Fi^.  299). 

Metalmli^ni  in  U-nn  m-tive  in  sleep  than  in  the  wakinff  condition  and  the  fal 
ing  off  i«  greater  the  rounder  the  *fhvp,     If  the  earlHin  dioxide  ontptit  b«*  lak^oi 
a   meaHure   of   the  metaholism,   that   of  sleep  is   related  tu   that   of  tbi"   waltii 
cnndilioii  (not  working  nor  yet  enmpletely  reatinKi  as  100:145.     This  rrductii 
of  inetalxdisni   in  sleeji  !«  dependent   in  the  main  upon  the  ee*«atjrin   of  vol 
tary  nn'venients  fur  it  may  naeh  just  as  low  a  k-vcl  in  the  wnkins  condition  i 
the  niuheleH  Ih>  rompletely  relaxed  and  every  voluntary  motion  bo  fiupprcawd 
(Johaiiiwon). 
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AccorrIii)|r  to  somp  oxprritnentnl  detemiiujiiifiTifi  tho  onrlion  dioxide  rtimi- 
nation  rcnche«  its  niiiiimum  in  the  ttcconil  hmir  nf  tt1«ep,  and  thiH  pniliabty 
tMnnrituliv  l»  u  ivrtttiii  fjctimt  tb(!  exprt'MiioJi  uf  tW  dutrpcAt  sleep  in  ii  itlt-i'jiiiiK 
pcrimi  of  pcrhnps  six  to  fiBht  hourvt. 

Till-  folluwin^  pfciiliiiritii's  hiwp  also  bci-n  obwrvwd  in  sleep.  The  e>'e8  with 
pupils  coiitrnoKHl  nrp  tumcil  inward  und  strniewhut.  iipwnnl.  The  n'jtpinilory 
niovemenlti  are  iean  frequent  than  in  the  wnkinif  conditimi,  iind  v\fn  in  thr  mun 
are  mainly  uf  tho  ctmlul  I.v|K\  Thi;  rcepirutiuns  iin<  also  DomcliraeA  period icHlly 
iiuspi>n()pd.  Tlip  heart  nrtinn  ia  retnrilcd;  the  vnornliir  tonp  dcrrwwcs  in  the 
culuncoiirt  vi')M«'l»  and  pnibnhly  also  in  the  ri'trcriil  vt-sscK  nnd  lis  a  (•<«is4Hnn>iii'e 
Ihr  hhifid  pros-iHrp  frtlls.  ThiiS  in  its  turn  ia  said  by  mony  amhois  to  rut  down 
thf  supply  nf  hlo>id  to  tin*  bniin,  (o  produc**  in  »hort  n  ermdition  of  ot-rt'briil 
anu-miu. 

lluwell  hiu  observed  the  volumetric  Tariations  of  the  hand  nnd  the  lower 
part  of  the  foreann  in  sleep  by  means  of  the  pluthyAmt^Rruph,  und  hiw  found 


l  III-    jyU, — t'ooi:    (fjinjituUiiK    ilii:    liiijilli    uf    Jill  <'|>,    ilu-i    I'lntlxTKclt.      Tlu*   aLnciiuui-    ti*)iri»i-iit 

lluurs. 


that  ihf  iinionnt  of  blood  in  the  part  increBRes  frmdually  fnim  the  bcKiniiinfr  of 
Bleep  und  reiiohc-^  ilm  muximuni  within  one  to  one  and  three-quarter  hours.  It 
remninA  at  thin  level  until  abmit  tbre(-<)uarter«  of  an  hour  before  awnkcning 
and  then  folln  rather  rapidly  to  the  end  of  nlifp. 

The  ineeption  of  sleep  is  favored  by  cutlinif  off  tin?  «eii»ory  Himtili.  espc- 
eiiilly  if  the  intention  be  not  kept  arouned  hy  any  actiw  mental  proei-w**. 
StrttmjM'll  haH  rejiorted  a  case  in  wbieh  the  patient  iMvame  blind  in  one  e>'e 
und  di-iif  in  one  e-ur  merely  by  dttippinn  all  cutaneou*  sensations.  As  soon  AS 
tht-  kimhI  e,ve  was  closed  and  the  funelional  ear  wa»  stopiwd  be  fell  a.-ilee>p. 

Sleep  does  not  depend  cntin-ly  upon  pn>pe>wea  noiuK  on  in  the  cett-bral  eor- 
tex.  for  as  mentioned  at  pajie  ll£l  a  elianice  from  the  alfepinff  to  the  wakiiiK 
eomlilion  anil  vice  Ter»a  ean  be  ob(*er\-t-<l  on  deeen'bratod  aiiimab. 

(Perhaps  the  nifwr  nalinfaelnry  thmrj-  whieh  has  yet  b<-en  irivcn  to  explain 
the  eau»e  of  *\ri-\t.  i»  that  of  Jlowell,  The  dihiriition  of  the  eutaneous  Yi-»<«d* 
durinif  uleep  nl)sers-ed  by  lhi«  nulhor.  taken  in  eonjunetion  with  muny  r.ilier 
ohsL-rrations  that  ihore  is  during  sleep  a  retluetion  of  the  eenerni  hh"Ki  prfvsun'. 
and  ihni  iht-ri-  iw  at  the  itame  time  n  dimiiii«lHfl  hlmHl  fluw  l<i  llie  brain.  Ml(C- 
Ke^leil  the  idea  ihal  the  deprt«wion  uf  th«-  jwyehieal  Hi-tiri(ie'<  txlow  the  (bn-i'hidd 
of  consciouMiesti  i»  due  piimarily  to  ana-mia  of  the  brain  (cf.  pasv  2-10).     To 
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Qcnouin  for  litis  oniemia  Ilnwetl  supimseH  that  that  portion  of  the  rasoiiiiil< 

feiitcr  whicli  uifliiiliitiis  llic  ti>iiii>i  nf  the  (.-utnueoiis  vi>sMrl»  peri (mI tea ll>'  liecoi 
fatif^uvd,  just  us  tin?  evils  of  the  f^ortcx  whit-li  mfdhite  tlie  iwyrliifiil  p 
may  be  suppoaeJ  also  t<i  bt-tviiiH^  fatitrueil.  If  under  theee  (.'ircutiistan«n  ibe 
u;^Ulil  I'xifnml  mtiitmli  whirh  srrvp  to  kct-p  the  vBsinimior  cuuter  acitre  U? 
withdmwn;  »*  fur  exonipk-,  tht-  o,v«  bi^  closrd,  nnisps  be  esrlnili'd  and  the 
voluntary  inusc-lfs  be  relaxt-d.  the  vawmiotor  center  relaxt-s  iti  coiitml  of  I 
cutaneimH  vc»»el!ii.  tlie  ri*euitiiiK  dilulatiou  witlidmwii  blood  fruiu  the  corti 
cells  Bud  the  euiiMHiuettfe  of  ihin  Is  Q  further  aud  a  comparativuly  euddcu  d 
cline  of  cerebrai  activily  below  the  ihresthold  of  coiiHcioKanesif.  When  I 
Tnaomotor  center  has  licen  ropupcrated  it  rcBuserts  its  activity,  blood  ia  again 
8upplk-4i   til  tlie  (■iirtiritl  celU   ninl   conseiousnesA  retiini:*. — Ed.] 

3.  Tht  Ttmperottire  of  (he  lirain. — IJy  means  of  n  very  delicate  thermometer 
MiKimi  made  u  careful  study  of  the  teui|>eraturc  of  the  brain  in  nniiiiab  and  in 
men  with  defeclt*  in  tlie  (Tniiium.  and  fniind  ainnn);  other  ihiniiK  ilut  <m  aeei>u 
of  its  iilight  eovcrjng'  it  has  n  lower  temiKTunire  than  tbe  rcetmn.  But  a  ri 
in  teiniHTiiture  in  euUHed  by  the  local  eiToelD  of  atropine,  coeaiiie  and  alcohol, 
eloetriciil  simulation,  by  aniemia  and  asphyxia — in  all  lln:^«e  eiittes  due*  t"  all<j 
tioni*  in  lite  circiilatiuii.  Clilorofurm.  painful  seitsatiune,  etc.,  produce  no  chntm, 
in  ibe  tfiniH'Palure  mf  the  bruin  worth  mentioning.  In  like  wanner  tin-  coa 
seiona  nelivitii?s  of  the  brnin  pr<Kluoe  so  «li(flit  an  pff«-t  on  the  tem|>rralij 
that  Ihey  eanuol  \x-  rL^ogniM-d,  or  elue  they  oceur  nliinir  with  oilier  prMvsiWj^ 
SM  ihf  nmiilt  of  \v)ii<.'|i  iIk-  bniiii  in  ctHiIod,  even  though  the  pKyehieal  fnnclioiu 
cuntinue. 

Oil    the  other   hand  somu   uneonseioua  processes  brought  on    by   external 
iig«n(-iM  inen>a»e  the  temperatiin'  of  the  bruin. 

4.  Thn  Intrarranial  Prrxjiure. — The  rerebro-ftpinal  fluid  filllnir  the  tnibarm 
ooid  apae«  exerlx  a  pressure  on  the  walls  of  llie  cerebro-:it]iiiial  r.nrml,  whteh  wlien 
measured  by  a  uiuiiometer  of  s^uilabh*  eonstruction  inserted  into  an  oix-niiiir  iu 
tile  skull,  is  found  to  l>e  about  <^|ual  to  the  %'cuous  pressure  iT*-W  mm.  of  Itj{.>. 
if  ihe  animal  i-t  in  ii  liorizontnl  position.  When  the  hind  |>art4  of  the  biHly  arv 
raist'd  fibove  ibo  hi'ad  the  pres'*\ire  Ixromes  greater,  when  they  an*  lowered  it 
falls  and  may  even   iR^oonie  negative   (Siv^n). 

According  to  Hayliss  and  Hill,  there  is  no  mechanism  for  maintaining 
constant  intracranial  pret^surc:  the  functions  of  the  brain  apiiear.  within  wida; 
limits,  to  bi-  i iidiiM'iHlenl  of  intraeraninl  pre^^ure.  oo  long  as  the  eirculatinn  it 
not  impniri'd.  If  the  foramen  ningiinni  l«'  conHlrieti'd  no  as  to  obstruct  I 
circulation,  the  centers  of  the  me<hilla  may  be  offecicd  and,  among  other  thinin^ 
the  I'l-Npiniliiii]  be  ri-timliil  mid  tiiially  slopped,  the  heart  action  rclnrdf-d.  and 
the  blooil  pretisure  increasL-d. 

The  outlet    for  the  eerebro-npinnl  fluid  is  by  way  of  tlw  wna.     Wiihi 
fifteen  to  thirty  minutes  after  injection  of  methylene  blue,  in  a  salt  soluti' 
into  the  cranial  cavity,  the  color  appears  in  tlie  urine  (Hill). 
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RKriiNKNcKs. — Itefvor.  Ronhy,  ifchaft-r  and  olhtn,  wreral  article*  in 
Philmaphiral  Trnnnariions  for  1887,  lft8S.  IHOO.— fAnroj/  and  /'i/rrji,  " 
centres  moteurs  c^irlicnux  cliof  I'homme."  Paris.  1805. — .V.  Exnrr.  "  Kntwurf  1 
r.\i  einer  phynioluiiidcbcn  Frklaruii^  dcr  pjiyehisc-hrn  ErscheinuinBen."  \Vi«<ii«| 
1H94. — Fte^iisiii.  "(lehirn  uinl  Seele,''  a«*«:'ntl  edition,  I>-ipKic.  ISIhi, — Flerhsify 
"Die  Lokalirjilion  der  geistigen  Vorgiinge."  I^'ipsi*-.  IMMl. — Franck.  "U 
fonetions  motriccs  dn  ccrveau."  Pari**,  litft". — GoUt.  **  Tber  die  VerriehlungmJ 
dea  nposshirna,"  H()nn,  1HM4. —  Ooltt,  several  BrtielciH  in  Archiv  f.  rf.  gra.  l*kftl-\ 
ologif,  IVU.  B4.  4d,  ftl,  76. — lUttiff,  "Fnlersuchnngen  ulter  das  Oehim."  Ber 
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(ii'hini,"  Berlin.  190i.— Howell,  "A  Contribution  to  the  Phyniolony  of  Sleep," 
in  the  Journal  of  Experimental  Medicine^^  vol.  ii,  IHfl". — v.  Monakow,  "  Gehini- 
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CHAPTER    XXV 

PnYSIOLOQY   OF   BPECIAL   NEBTE8 

Tub  innervation  of  the  different  organs  and  organ  Bystems  has  been  dis- 
cussed in  connection  with  their  functionB,  hence  in  this  chapter  we  need  only 
present  the  physiology  of  special  nerves  in  the  broadest  outlines.  For  details 
and  controverted  points,  reference  muet  be  made  to  the  previous  ohapters 
of  this  book,  and  for  the  purely  anatomical  data  to  the  text-books  of  aoatomy. 


§  1.    THE  CRANIAL  NERVES 

I.  The  olfactory,  or  the  ner\'e  of  smell  (cf.  page  486). 

II.  The  optic,  or  the  nerve  of  vision  (cf.  page  508),  contains  not  only 
afferent  hut  efferent  fibers. 

III.  The  oculomotor,  or  the  common  nerve  of  the  eye  muscles,  innervates 
the  levator  palpebrae  supcrioris,  the  superior,  inferior  and  internal  recti,  the 
inferior  oblique,  the  ciliary  muscle  or  the  muscle  of  accommodation  {ef.  page 
532)  and  the  sphincter  of  the  pupil  (cf.  page  528). 

IV.  The  trochleatis,  or  patheticus,  innervates  only  the  superior  oblique 
muscle  of  the  eye. 

V.  Tlie  tritjcminal.  or  trifacial,  contains  both  afferent  and  efferent  fibern. 
The  efferent  fillers  innervate  the  jaw  muscles  (masseter.  temporal.  j)terv- 

goids).  also  the  mylohyoid,  the  tt-nsor  palali  and  the  tensor  tympani  (cf. 
page  4!''?)  and  the  anterior  belly  of  the  inferior  digastric.  Besides  it  is  stat«Nl 
that  the  trigeminal  contains  secretory  fibers  for  the  lachrymal  glands  and  the 
sweat  glands  of  the  fac'C,  vasodilator  fibers  for  the  skin  of  the  face  and  tlie 
eye,  etc. 

The  atrt'rent  fibers  of  the  trigeminal  constitute  first,  the  sensory  nerAes  of 
almost  all  the  skin  of  the  face,  of  the  eye,  the  nose,  the  mucous  membrane  of 
(he  mouth,  the  tongue  and  the  teeth.  Secondly,  the  trigeminal  carries  a 
niiuilier  of  nerves  of  taste  (cf,  page  4H4). 

\'I.  Tlie  abihucns  innervates  the  external  rectus  and  is  said  also  to  eon- 
tain  fillers  fi»r  tlie  sphincter  of  the  pupil. 

Vll.  The  fariul.  or  nerve  of  expression,  contains  secretory  fibers  for  the 
sulmijixillary,  sublingual  (cf.  page  357)  and  lachrymal  glands,  vasodilator 
filK-rs  for  tlie  subiriaxillary  glands  and  anterior  part  of  the  tongue,  and  motor 
nerves  for  the  stiiprdius  uiuscle.  Its  chief  significance,  however,  is  that  it 
iniHTvales  the  muscles  of  the  face  by  contraction  of  which  the  skin  of  the  face 
is  folded  ill  various  ways,  producing  the  different  expressions. 
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VLH.  The  audilonf,  or  nene  of  hearing,  by  it»  cochlear  root  niediales 

amlitdry  wnsHlimm  (rf.  Fij:.  li*0)  nm)  Iit  (Ii«  Vi'stilnilar  nml  (i-f.  pap-  -173) 
the  variouti  ruuctioiu  ot  the  suiuii^irciilur  caiiule  anil  otoltlh  naca. 

Various  (-■xporiiiHi'iitBl  observnliotis  iiidicHti;  IhnI  the  vestibular  root  prob- 
abl.v  hna  nn  ttiRiiifiranrr'  whnlrvpr  fur  dm  andilory  «riiKBtt«mrf.  Kiiiwr  the  riuhlh 
onmial  iion't;  thi^rcfon?  is  at  Wast  nut  i'xclii»ivt.'ly  auiiitory  in  function,  J.  K. 
Ewahl  has  |)ro|)u»e(l  that  it  be  fimply  called  Ihe  ciffhth  iicrre  (N.  octaru*}. 

IX.  The  glassopkaryngeal  conveys,  hesidcs  mmc  motor  fibers  to  the  Inngue 
ftTiii  |»haryiis,  cccrctorv  filters  to  the  pumtid  plnntls  (cf.  piijw  V5«)  and  vano- 
(iilator  filMT.i  to  the  anterior  pilliiiN  nf  the  fauci's  and  tonsils.  Anions  ita 
afifercnt  fibers  iinr  llu-  Uit^iv  fliKTs.  n1»>()  h'td^iv  filient  for  the  mucous  mcm- 
branv  r>f  the  tympanic  cavity  and  Eustachian  tube. 

X.  The  vagtts,  or  pnenmogasiric,  and 

XI.  "Chs  spinal  accrsfory. 

In  view  of  the  fact  that  theue  two  ncrrea  are  intimately  MalM  anatomi- 
cally and  that  tlivciv{>  vii-ws  arc  hclil  n«  In  the  slinre  each  takes  in  conlntlling 
Ihc  meatus  innervated  by  tlicni.  it  i*  iiiwt  pii>filablc  lo  cniipidcr  tliciii,  a8  Urous- 
inan  has  prnjioscd.  ad  one  nerve  cnraptMifd  of  three  bundles  namcil.  in  order 
of  their  fxit  fn»rn  the  iiiwlutla.  the  up(KT.  middle  and  hiwer.  The  up|wr 
bundle  can  readily  he  separated  in  the  monkey  and  in  man  from  the  glo*so- 
l>hiiryntfcnl.  The  lower  bundle  in  the  outer  branch  of  the  spinal  accessory 
which  innervalcn  llio  Irapczinn  and  Ihc  nlerno-ch'idi'-mai*t<»id  niuwles.  There 
remains  then  the  trunk  cniiipofiefl  of  rhr  vaynw  and  the  inner  or  true  apcc-wory 
braneli  in  which  are  lo  be  d i." I iriKU itched  an  anlerior  and  a  middle  jHirtion. 

AiToniing  to  the  experimental  rc(^ult»t  of  Krndl  on  the  monkey,  motor 
ncrvra  paits  in  this  anterior  portion  (the  vtigas  of  anatomista)  lo  the 
[lalrttocloiwHl  and  palatophari'nie:eal  niiiwlce  as  well  as  to  the  conMriclore  of 
(he  piiarynx  and  irsophn^rns.  ilnreover.  il  i*  here  that  the  motor  fiber* 
of  tlie  !'ti[)erior  larynj-eal  arc  fnnnd,  aUtt  llie  afferenl  pulmimary  fila-r.-*  which 
assist  in  the  automatic  regulation  of  reispiration,  and  in  llie  rabbit,  dog  and 
cat  at  Icaat.  the  dcpreii-ior  fibers  ( Kuchrt,  Codnian ;  cf.  paf^  \UA). 

In  the  mitldle  bundle  (occe^Hiry  of  the  anatomii't^)  are  (he  inhibitory 
filters  of  the  heart  (cf.  page  \HH),  the  motor  rtl»erfi  for  the  levator  palati  ant! 
the  motor  fibers  containoil  in  the  inferior  laryn^^enl  nerve. 

In  ihc  trunk  of  thi'  votrus  nr»*  the  followinfr  fibers,  the  origin  of  which  is  not 
fully  known:  [1)  (.-fTfn-nt  fibi?™.  a.  Th  thi*  circulalnry  orKanti:  afttlerator  fibers 
to  ihc  heart  (paRc  U'l);  vawict^nnlrictor  filwnt  fur  the  brnrl,  th<j  MtomHcb,  in1e«- 
tine,  kidi)C.v»,  Mplt^n,  and  pcKsibl.v  the  lunffs  (pai(v  240) ;  vastidilator  fibers  for  the 
eonumry  vnuels  and  the  lunK«  (paire  W.'i).  ft.  Diffcetive  oritans:  motor  nerves 
for  the  stomach  (puito  384),  ihe  Hmsll  tnte»tine  anri  the  u|»p4>r  part  nf  the  lai^ 
int(>Htinc  (jtngc  3:^) ;  inhibitor.v  fibcn  for  the  cnrdiae  sphincter  of  the  utomach 
and  the  lon;rilndinal  iiinM'tc^  of  Ihe  Hniall  inlcHiine  (|>aK<«  ifM,  IWU) ;  sc-crelory 
eierves  for  the  (luclric  mucosa  and  the  pauervas  (papvs  2*W,  ■*03),  r,  Itevpiralory 
tirKauH:  mnlitr  and  p<wHibl.v  inhibitor?' fillers  for  the  bnmehial  mnsrips  (pacp  .'J-J4). 

(2)  Afferent  fibers.  Rcipiratory  organs:  afferent  fibers  from  the  larj-nx 
(pa«e  330). 

XII.  The  hypoglossal  innervates  the  musL-uIuturv  of  the  tongue. 
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S  2.    SPINAL    NERVES 

The  aniprior  nn<]  postcri'Or  rools  of  Iho  siiniL'  sidu  Tieltrnffinp  tn  each  i»opm* 
of  lliy  Hjiiiial  fiinl  iinitir  jicripherall}'  lo  thf  i^piiial  pnnplimi  lo  form  a  mixt 
nerve  trunk.  Hacii  of  lliwo  iicive  Iruiik**  then  divides  into  a  dnreal  and 
wnlral  liniiifli.  The  dorsal  brandies  art'  rflalivcty  small  and  supply  nnly  ft 
skin  ami  iniiwlos  of  th«  Wrk;  the  ventral  hraneliw,  wlipt-h  are  niufh  largiT. 
arc  allnllfil  In  Mtc  Hiilerinr  nnil  latr^ral  |iart«  of  Utc  nock,  thorax,  alxlomcn  and 
ejttreiiiitii's^. 

TliL'  dortml  hranchc-i  all  run  acpamtelv  to  their  deetination ;  but  with  ihr 
exception  of  the  twilve  thoracic  norveji,  Iht*  venlnil  hram-hiw  anaittomnst'  frwlj 
with  onr  anntlior,  forming  plexusw  corrosptmrliti^  tti  the  main  divisions 
the  body. 

A  niiniWr  ni  ex|iiTirrienliil  and  rliniral  rtvearrlus  Imvc  liecn  made  on  tl 
diHtriitntiim  nf  the  libers  arising  from  the  ililTerenI  roota.     We  shall  here  pa 
regard  diietljf  to  llie  exposiUon  given  by  Kodiur  on  the  relations  obtainiog' 
in  man. 

A.    SEHSORY  NERVES 

Each  spinal  nerve  mot.  even  if  its  filwire  unite  with  I'lhcrs  to  form  a  plexni;, 
supplieii  a  eontiimous  n-'gion  of  the  skin.     Tliwo  n!pioii«  overlap.  lu'wevc 
i^o  lliat  a  single  region  nn  the  lateral  a.<pect  of  the  body  is  provided  with 
twofold  or  even  a  threefold  supply  (Sherrington). 

Fig.  ."JOO  n-prf-scnt-s  whematically,  acconling  to  Kooher.  areas  of  dt^trtbi 
tioii  of  the  ilitftTent  spinal  roots.     This  is  eonstrueteil  on  the  Imui-i  nf  elinii-i 
ol)!»ervalionx  of  palieiits  ivijli  total  lesions  of  the  t^pinal  cord.     The  l»oiindai 
Hnas  in  the  figure  mark  the  upper  limits  of  i^cncihility  for  lesions  nt  Ih 
dilTorent  levels.     In  reality  the  region:*  supplied  hy  the  different  nerves, 
man  m  in  animals,  overlap  r-(niHifjifrnbly  Imtli  aUive  and  Ik-Iow.     The 
blockwl  nut   in  the  figure  repti-sent  therefore  the  central  parU  of  the 
actually  supjilJed  Ijj-  the  separate  roots. 


B.    MOTOR  RERVES 

In  the  following  (able  are  «unuuarized,  after  Kocher,   (he  di^tributionc, 
of  the  different  moior  rooU: 


IWOT. 

11  <\ 

HI  C. 

IV  {'. 

V  C. 

VI  c. 


vn  c. 

VIII  c. 


MiarLEA. 
Small   iicek  niiixelM;  xtenioh^-oid ;   stemotliyroid ;  omolij'uid. 
Stemi)-e!eidi)-maxtuid ;  tru[K.*ziuB. 
I'tatisma  niyoides. 
Seub-rii:  <[iuphmgm. 
Uhomhoidei :  -lupra-  and  infrai^pinatu!!;  oornrohraehialiit:   bit 

bmc-hiiiliis  luHiciui;   ileltnid;  !tu|iiiiiilor  luit^U-s  uiul   liT^'Vts. 
8ubi>t'i)pularis:    peemralis   iiinjur   uud    niiuor;    pntttalor   terrs 

qiiiHlrnLua;   lalisstmud  donsi;   teres  major;   triceps;    sernitl 

ma^ujk. 
Exleiisctre  and  flexors  of  the  ^vrist. 
Kxtenaora  and  flexor  loogus  vi  the  fingers. 
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IT. 

i-xn  T. 

I-XI  T. 

VH-XII  T. 

I  L. 

II  L. 

Ill  L. 

IV  I.. 

V   I. 

II  s. 

in  s. 

IV  s. 

V  s. 


All  the  Btnall  miit^cles  cf  the  baud  aud  fiogcis. 

Mu:^lc8  of  the  back. 

I  utcrcotital  iiiuHclfji. 

AlKloiuiiJul  luueclw). 

Luvi-L-nnost  ptiru  of  ibe  abdcminal  muaclm;  qufidracos  luinborum. 

Cremaster, 

PsdRs;  Aartorius;  iliacus  minor;  i^ectiticua;  adductors  of  the  tbidli. 

Quadriceps  femoris;  uracilis;  obturator  exteruu«  CO. 

()liitt>U9  nif^liuH  aiul  miiiitnua;  tensor  faaoise  fetnoriB;  Hcmitendi- 

nnaus;  wmim'-mbraiioaus;  biceps. 
P.vriforiiiis;     ubtunitor    iti(f>riiui«;     ffemelli ;     (lumdratna     femorifl; 

^luteUH  intixiinu>>:  louR  estensora  of  thp  fwHt  and  low;  pero- 

iiL-uti  luttifUH  uiuj  brcvis. 
lAtiig  ilcxurn  uf  the  foot  and  tOPit:  large  calf  musok's;  small  foul 

muscles. 
Kjnculalor  miiseks;  muflHes  <^f  the  perineum. 
SpliiiKU-E-  niid  dvlruvur  nuiHf)fi>  uf  llic  Madder;  tpbincter  ani. 
Luvatur  aui. 


The  wimc  must  W  said  itf  tlii^  «timinnrv  thai  wa«  Haid  of  the  s^n.-mrv  norveii, 
namely,  that  a  givt-rt  iiiUiK;!^  i.s  ^up[lli4.■d  by  tuoru  thaii  out*  )<piual  rout.  Ai-cord- 
inglr  the  data  givon  here  indicate  the  contrnl  regions  of  distribution,  or.  the 
ollwr  way  about,  the  chief  nervf  supply  for  th«  separate  muMles.  Starr  fiml.-i. 
for  citnniplo,  that  thp  scalcni  niusrles  are  innervated  by  tht>  s«-i>nd  aud  third 
cervical  rnolti,  Ihc  diftpliriij;ni  Iiy  the  third  and  fourth.  Ilif  dclloid  by  the 
fiturth  and  fiflh,  Ihe  bieepB  by  the  fifth  aud  sixth  cervical,  the  Mrloriu*  by 
the  15rst  nnd  srcnnd  luinliar,  the  qiiadricepa  femoris  by  llie  second  whI  third, 
the  adduclorft  of  the  ihigli  by  the  third  and  fourth,  etc. 

It  was*  formerly  assorted  by  Prcyer  nnd  Krausc  that  the  akin  covennp  any 
given  rauselc  is  <tnppHed  wifh  nensory  fibew  by  the  same  spinal  nenv  as  that 
which  »u)iplieH  tln>  iinderlyiiifr  inu»cle  with  mntor  fibers.  Sh<TrinKl«it  find*, 
however,  thnt  this  is  not  the  cii«e;  for  certain  di^placeDtents  occur  cKUxiiiK  the 
i^kin  rciit'iii  ii>  bt-  j-ilciuted  further  dii-taU.v  thnii  the  corresiiondinu  iiiu^ele.  The 
flf'Xttr  sides  uf  llii-  tbinh  and  fore  Iru  and  the  extensor  side  i»f  the  arm  appear 
to  be  the  (inly  exceptions  li'  thii*  rule.  The  diflereni  Hennorj*  tibers  of  the 
mtiBclea  th(;maelrc&  appear  to  belong  to  the  same  scyment  as  the  mulor  fibers. 


g  3.    THE    SYMPATHETIC   NERVES 


A.    RELATIOnS  OF  THE  SYMPATDETIC  NBRVES  TO  THE  CEWTRAL 

NERVOUS  SYSTEM 

TliP  m'r%-e  filHTS  travcr^injr  the  syrnpallielic  jutvc^  are  both  affpn'nt  ami 
elfcreut  in  function;  aud  they  mciUalv  a  great  variety  of  functionji  not  und-.-r 
direct  influence  of  the  will.  To  tliesc  belong  the  vasocoiwtrictor  and  vaso- 
ililntor  nerves,  accelerator  nerveji  of  the  lieart.  motor  and  Inhibitory  iier^'w 
of  the  slomacli.  inlcstiue.  bindder.  etc.  They  constitute  therefore  the  greater 
part  of  the  visceral  nerves.  Il  is  juslifiahle  to  enumornte  along  with  the  eom- 
poiieuti:  juft  nantcd  the  vi».ceral  Jiliers  ecintaiued  in  certain  cranial  nerves 
and  those  arising  from  the  sacral  roots.     Doing  this,  we  can  then  say,  that 
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the  sympathetic  or  autonomic   (Langley)   nervovs  system  presides  over  all 
of  the  functions  not  under  the  direct  control  of  the  will. 

All  these  nerves  agree  in  having  their  origin  in  the  central  nervous  sjs- 
tem.     In  the  strict  sense  the  sympathetic  nerves  constitute  processes  of  the 

lateral  horn  cells  on  the 
same  side  of  the  cord. 

The  efferent  fillers 
belonging  to  the  auto- 
nomic nerves  are  slen- 
der in  comparison  with 
other  efferent  neire 
fibers,  and,  unlike  the 
motor  nerves  to  the 
skeletal  muscles,  connect 
somewhere  along  t  hei  r 
course  with  ganglion 
cells  from  which  new 
fibers  issue  to  complete 
the  pathway. 

The  afferent  fiber* 
found  in  the  sympa- 
thetic nerves  are  for  the 
most  part  offshoot's  from 
the  ganglion  cells  in  the 
spinal  ganglia;  there  are 
among  them  some  which 
spring  from  peripheral 
ganglion  cells,  and  thii:? 
constitute  true  sympa- 
thetic fibers. 

The  most  important 
visceral  fibers  of  tlie 
cranial  nerves  have  al- 
ready been  studied.  We 
have  then  to  consider 
only  the  visceral  fiber= 
coming  from  the  spinal 
cord. 

The  preganglionic 
fibers,  to  use  Langli'v's 
term,  make  their  exit 
exclusively  in  the  white  rami  communicantes  of  the  spinal  cord  ((ia«- 
kell),  and  all  of  them  end  with  their  terminal  arborizations  ihonX  ganjrlion 
ci'lls  silnatal  at  a  greater  nr  le?s  distance  from  the  cord.  There  are  no 
ciiiiTicrtiojH  hclwwn  the  separate  ganglion  cells  either  within  the  ^iinie  or 
difrcn'Til  LMiiL'lia. 

The  h'ii|;lli  of  these  fibers  varies  greatly   (cf.  Fig.  301,  m^ — m-).      Some 
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Fio.  301 .  — Schematic  representation  of  the  connections  of 
the  sympathetic  6bers,  after  K6liiker.  PG,  peripiicral 
Kanglinn:  Gs.  chain  ganglion;  Pk,  Pacinian  corpuscle; 
Ren,  while  ramus  communicans;  Regr,  gray  ramus  com- 
municans;  St,  sympathetic  trunk.  The  preganglionic  fibers 
are  black,  tlie  postganglionic  red,  the  afierent  fibers  blue. 


of  them  (fWi)  vnA  almut  the  cells  of  thr  nearest  ^anjrlion.  ntli(>rs  (ni,.  tn^) 
jiflrts  Ihroiifjh  severnl  frmipMn  before  reaching  thetr  cntliiip'.  nut)  by  tnciins  nf 
follalcraU  mav  (lu-ivfurc  ar-l  U|Mtn  n  nutobcr  nf  t«!lls.  Still  otbc-rs  find  their 
»lL-sti[intioii  ctnly  wlieii  llioy  riiiicli  grtnglioii  l•l■ll^  witiiatwl  far  away  in  thf 
periphery. 

PoAtijangUomr  fibfrs  [g,  j;,.  j;..  7,,  g^)  arise  in  tliG  xympfithotic  fianglia 
and.  willioiit  liny  ctmneHinn  wilh  niher  f^nglion  cellf,  lerniinate,  sometinics 
near.  w>MU'liiiivs  far  tiwjiy.  in  llie  fr<v  t-ndiii^T'*  nn  si»(k>i1i  inu*cle  eells.  ginnt] 
cells,  etc.  liUn^K'v  bi'licr»y  that  the  course  of  each  tilinr  nr  collateral  ia  intcr- 
rT]{iii-i[  hy  one  jiiui^flion  ct^ll  only.  (Hec  \Hi^  5K^  for  l.an)cley'A  useiif  nicotiiiu 
in  tliis  cnnnpction.) 

Tan  of  the  jianifrnii^lintiie  fibcra  irnverse  Ihe  prav  rami  comtniinicanlos 
lo  the  s]iinal  hltvi^s  ami  rciifli  their  dt'slination  by  these  pnlhn;  pnrt  of  (lion 
belong  to  brunchesi  which  run  nn  independent  coiir.«^  to  the  periphery. 

The  pIpxuMs*  ijf  Auerlwch  and  Alvissnor,  found  in  the  wall  of  the  alimentarjr 
canal  from  the  lowcrnnwt  part  nf  the  ft'sophnjiufl  onward,  which  are  eoiiimouly 
inchidcd  in  ihe  riynipiiilM-tie  M.vstera.  prewiil  trnme  vnriatinn!)  frnni  the  ftenrral 
b«'hrtvinr  nf  ilic  «,vni pathetic  ncrws.  For  thin  reasnn  they  an'  set  hpart  by  Liing- 
ley  in  a  clmw  by  themselves.  Nothing-  doBuite  can  be  said  at  preacnt  a»  lo  iheir 
[jh}-Hiulugic4il  status. 


B.   COURSE  OF  THE  SYMPATHETIC  FIBERS 

According  to  (laskell,  ihc  ^iyIllpntheti^■  trunk  ititclf  rercivf^'i  preganglionic 
filterft  ordy  from  the  tiriit  tlioracic  lo  the  second  to  roiirlh  or  iSflfi  hunhnr  rcM»tit. 
The  cervical  roots  convey  no  viecerai  nerves;  but  vipceral  nervts  are  found 
in  the  first  or  second  iitnl  fhird  sacral.  These  bitter  do  not  unite  with  the 
sympathetic  but  contain  libers  which  an-  autononiic  in  function. 

The  pregnnglinnic  filwrn  liolonging  In  the  «ympalhetic  unite  either  with 
cells  ill  the  iraiiglia  uf  l!ie  sympalhelic  chain  llatcral  ganglia),  or  Willi  cella 
iu  ganglia  »itlial»?<I  farlher  toward  the  periphery   (eollaleral  ganglia). 

The  rojlnwiiig  account  nf  the  course  of  pre-  and  postganglionic  liljers  and 
their  connection*,  relating  to  tlie  cat.  io  tiiken  frnni  Langley. 

The  cervical  Bympalhetic  receivca  fibers  from  the  first  to  the  nrventh  tho- 
racic roois;  in  their  exit,  from  the  iipiiiul  corfl  lliey  ow  to  a  certain  extent 
arranged  aceordind  to  their  function.  The  inctn  [Miwi-rftil  eflfect  ou  the  dilator 
of  the  pupil  in  obtaitiecl  fmni  ihe  Itnl  aud  w-eoiid,  on  tlie  nietitiititift  tiM-mlirHiie, 
on  the  tiyelidit,  etr.,  fn>ni  (he  (ir»t  to  Ihe  third,  on  the  oubuiaxillar?'  ulauds  from 
the  second  and  third,  on  the  vetiDeiit  uf  ihe  car  and  the  conjunctiva  fmn  the 
second  lo  the  ftiurlh,  on  the  pilomotor  nerves  of  the  head  and  nwk  from  itie 
foiirth  lo  the  iiixth.  Tbc?k>  details  are  mcntionetl  Uvause  they  are  important 
f«»r  a  proper  eonccplion  nf  the  rcKfueriitiuTi  ]>hcn<iiiM>nH  to  Iw"  ili^cribi-d  prcM^iitly. 

All  tbi-)»H  libem  lermiiintp  in  llie  giiprrior  rrrriral  gamjliou,  the  *?cll«  of 
wliieh  8end  out  pniilganplionie  fiber*  to  the  plexuw?*!  about  the  bliKid  v«*i*eli*,  to 
pertain  cranial  nerves,  and  to  the  three  upper  oervical  nervo*.  TheJ*c  joining 
the  laul  named  aceomjiiiny  their  wnsorj-  branches  to  the  skin  and  innervate  the 
erector  niu»elea  of  the  hair,  eon^titutinff  therefore  the  pilomotor  nerves. 

The  ittfUaie  qanaiion  rweives  filn-nt  fnfiu  tlte  (lliird)  fourth  lo  ihe  finblh 
(ninlh!l   thorneic  roots.     .'Vmong  ita  postganul ionic  fib  'n  pas* 
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to  the  third  to  the  eighth  cervical  nerves  and  the  first  to  the  third  (fourth) 
thoracic  nerves:  they  make  their  exit  through  the  fifth  to  the  eighth  thoracic 
roots.  Vasomotor  and  sweat  nerves  for  the  fore  paw  are  contained  in  the  fourth 
to  the  ninth  thoracic  roots.  They  unite  with  ceUa  in  the  stellate  ganglion,  from 
which  postganglionic  fibers  are  given  off  to  the  brachial  nerves,  the  latter  like 
the  pilomotor  fibers  running  in  the  posterior  branches  of  those  nerves.  This 
franglion  also  sends  accelerator  nerves  to  the  heart  and  possibly  vasomotor  nerves 
to  the  lungs;  but  it  is  not  yet  conclusively  proved  that  these  nerves  actually 
proceed  from  cells  in  the  stellate  ganglion. 

Those  spinal  nerve  roots  which  send  out  fibers  to  the  chain  ganglia  lying 
distally  to  the  stellate  ganglion,  each  supply  three,  four  or  more  ganglia.  The 
postganglionic  fibers  (pilomotor  and  vasomotor)  unite  with  the  eorresiwnding 
spinal  nerves  and  accompany  their  dorso-cutaneous  branches  to  the  skin. 

The  vasomotor  and  sweat  nerves  to  the  hind  paw  pass  out  probably  in  the 
twelfth  thoracic  to  the  second  lumbar  nerve  roots;  they  unite  with  the  sixth 
lumbar  to  the  second  sacral  ganglia  to  be  continued  in  the  cutaneous  branches 
of  the  spinal  nerves. 

The  inhibitory  and  vasomotor  nerves  contained  in  the  splanchnic  are  con- 
nected for  the  moat  part  with  cells  in  the  solar  plexus  and  have  no  relay  station 
in  the  chain  ganglia.  They  proceed  from  all  roots  between  the  fifth  thoracic 
and  second  lumbar  nerves. 

The  organs  of  the  pelvis  receive  nerves  both  from  the  lumbar  sympathetic 
and  the  sacral  (cf.  page  393),  The  former  arise  from  all  roots  between  the 
twelfth  thoracic  and  fifth  lumbar,  and  traverse  the  sympathetic  cord  either 
to  the  inferior  mesenteric  ganglion  or  to  the  sacral  ganglia.  Those  entering 
the  inferior  mesenteric  ganglion  unite  for  the  most  part  with  its  cells,  but  to 
a  less  extent  also  with  ganglion  cells  situated  in  the  peripheral  organs.  Most 
of  the  sympathetic  nerves  to  the  external  genital  organs  are  connected  with 
cells  in  the  sacral  ganglia. 

The  autonomic  fibers  passing  out  through  the  first  to  the  third  sacral  roots 
and  uniting  In  form  the  nervi  erigentes  connect  with  the  cells  of  ganglia  strewn 
along  their  course  and  lying  for  the  most  part  in  the  immediate  vicinity  of 
the  organs  for  which  they  are  destined. 


Ganglia  of  the  Svicpathetic  SrsxEM 


Spin«l  Koot, 

Ckrvical. 

TaoRAnc. 

LCHBAR. 

SjtOLXL. 

I.,-. 
II.... 

III  ... 

IV  ... 

V  ... 

VI  ... 

VII  .. 
VIII.. 
IX   ,.. 

Sup.  cerv. 

Hup.  cePV. 

Sup.  eerv. 

Slip,  and  inf.  cerv. 

Sup.  and  inf.  cerv. 

Sup.  (f)  and  inf.  cerv. 

Inf.  cerr. 

1.2 

Thoracic 

1.2 

1, 2. 3, 4, 5 

1.2.3.4.5.6,  7.8,  » 

15,8,7.8.9.10,11,12 
t  8,9,10.11,12 

X  ..    . 

.\I  . . . 

11.12'1.2,3 
12    1.2.3.4 

XII 

1.2,3.4,5 

1  2,3,4.5 

t  3, 4. 5 

1 

Ijiitiibiir 

I 

1  2  :i 

II 

1  2  3  4  a 

On    lln'    liiisis    of    his   experiment.^    upon    animals    and    on    Iho    ba.'si.'i    of 
(■iini|iiir!itiv<'  jiniitoMiy,  Langley  has  eonstructotl  the  above  table   illustrating 
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the  reJatious  of  lliy  tspinal  nK>U  to  tlie  ganglia  of  the  gytupalhdic  nyi'liMn  in 
mflii.  It  will  be  observed  that  the  iimin  ouIIIdw  of  t>ympalhetiv  libuns  takes 
place  Iwtwcen  the  first  thoracic  and  socoiul  lumbar  roota. 


C.    REGEHERATIOR  HI  THE  SYMPATHETIC  ITERVOUS  SYSTEM 

KrpriiPmtion  in  tbe  sympfithrtiR  gystem  is  of  particulnr  interest  bcoause  it 
i»  the  only  plare  in  the  entire  nervrmn  n.vntoin  wljere  KAiiftliim  i-i-IU  uri;  foutui 
iiiler]ti>Ente«l  in  the  direct  cuuwe  of  definitt  nerve  fibers.  As  we  have  already 
•win  Om^e  I'lH?  (  the  fillers  ruiiiiiiiK'  in  the  cervical  sympathetic  which  an?  iiilor- 
niptcj  by  tliL'  s^upcriur  ucrvieal  inin(j;Iion  ure  di-Hlributed  to  the  difft'ri'nt  Hpirial 
rtHita  uceiinlinir  to  their  destinHiinn.  If  now  the  cervical  sympatlietie  is  cut. 
nfler  n  time  rcfrenemlion  takes  plnee  just  as  in  all  the  nerves.  But  what  is 
apeeially  rrmitrkiihlp  in  ihii)  caw  it  this:  that  Btimulation  of  the  wparnte  Hpinnl 
nmtx  tifter  reneiiera tion  produtTeit  in  the  mniti  the  Mimo  effects  as  before  they 
hB<l  l«*en  sectioned.  Apiiin.  if  the  miperior  eervieni  panclinn  be  painted  with 
nientini'  nfler  repeneration.  we  pxt  the  flame  nCRdtive  results  an  if  the  paint- 
iiiur  were  done  pri-ii-iouH  to  seetinninff.  /(  fo!lfHfn  thnt  the  rffffttfratrd  nerrr. 
fidrrg  h'ire  rnnlnhfijihri!  their  vld  cvnnfclions,  or  hnx-e  tnudf  new  eoMJurr/ion*  in 
Ihf  mime  fjniidUon  uUh  ceih  of  eiactlff  the  same  tind.  It  widd  «(i-iii  tluit  ihi- 
jirowing  nerve  libers  must  be  guided  by  eonic  ehemotropic  influeutM*  to  the  very 
ceUa  with  which  they  were  formerly  nonneeted   Cl-aiiRley). 

By  the  same  method  T^anjcley  has  found  that  posljranirl ionic  fibers  likewiBe 
reirrnerftte  and  reestablish  their  old  eonnootions  and  that  they  also  form  new 
ont-s. 

When  thu  auperior  cervical  Ranffttou  is  cut  out,  the  cervical  sympathetic 
does  not  recover  it.s  fHiielions  posnibly  iHrnnse  the  preirnntrlionie  fibers  are  not 
capable  of  e:4lablit^luni;  functional  connection  with  the  prripliernl  tidsiies  directly. 
We  may  suppicwe  that  the  fuitritive  influeini-  of  tbf  (raii);lioi)  ecH  d'x-s  not  extend 
far  enout;)]  to  perrnil  the  fibers  to  gmv  fiirtlwr  Ihnn  the  in1<Tpoliilc<|  ftanglion. 
It  is  likewise  impi:«)'ible  tu  brine  abidiit  a  union  of  the  true  efferent  cranial  or 
iipinnl  iiervti  filM-rs  with  the  |Hi»t|iauulionie  fibers,  allhouKh  union  uf  thu»c  uerres 
with  pregfltigl ionic  fibers  hiis  often  [rvm  demuuHtruLed. 


D.  AFFEREBT  BERVES  m  THE  SYMPATHETIC 

The  sympatlielie  <'onlnins  afferent  fillers,  whose  trophic  centers  are  for  the 
moinl  pHi^  in  the  epinni  ganp^lia.  The  number  of  such  HIkts  tii  much  t>rnnller 
than  that  of  the  efferent  fiber*.  Thus  [janjrh-y  has  found  by  the  iuetlio«l  "f 
D'^eiieratifm  tlial  r>nU'  one-ienth  of  at)  the  fibers  in  Ihi'  lu|Hi^itiric  are  afferent 
in  fuiK'tioii;  in  the  nurvu»  erigcns  the  number  if  une^llitrd. 

Stimulation  of  any  one  of  the  white  rami  communicantes  prwduees  reflex 
muromi-nit^  and  vnrlalinns  in  the  bltKHl  prceaure.  Hence  tiiey  must  contain 
afferent  fibers.  It  Bpi>eaT3  that  such  fibera  run  almost  exelufttvely  to  the  ibnraeie 
and  abdominal  viscera,  and  tbnt  they  probably  have  the  same  distribulinn  n» 
the  eorre8pf>ndiii(r  efferent  nerves.  It  is  probable  that  they  account  for  such 
eou'U'iiiu"'  ceiDiatitins  an  "referred  pains,"  so  called  beeauae  they  are  referred  to 
reirions  of  tin"  skin  innpr%*aled  from  the  Mime  r<vit  as  the  diseased  orpin.  Im- 
pulaca)  from  the  latter  arc  therefore  cotiwyed  iu  aomc  wa^*.  either  by  mediation 
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of  the  spinal  ganglia  or  by  mediation  of  the  nerve  eella  of  the  spinal  cord,  to 
the  sensory  neurons  of  the  skin. 

For  reflexes  from  the  sympathetic  ganglia,  cf.  page  583. 

References. — Oaskell,  Journal  of  Physiology,  vol.  vii,  1886. — Kocher. 
"  Mittheilungen  aus  den  Grenzgebieten  der  Medizin  und  Chirurgie,"  vol.  i,  1886. 
— Langley,  several  articles  in  the  Journal  of  Physiology,  vols,  xii,  xv,  xvii, 
xviii,  xix,  xx,  xxiii,  xxv,  xxvii— xxxi;  1891—1904. — Langley,  "  Ergebnisse  der 
Physiologie,"  ii,  2,  Wiesbaden,  1903. 


CHAPTKK    XXVI 

RKI'RODl'CTION    AXD    OROWTIl 

FIRST    SK(:T10>f 

REPRODUCTION 

TllK  physinlogii  nt  rrproduction  \i\  gciitTal  novcrs  m»  wide  it  field  and  id 
rt^lalt'd  It)  sij  mwwy  Itraiu'hos  of  Itinlog^v  tliJ'-t  even  a  i^iipernuial  |)rL'si'inu(i<in 
of  its  iiiO!<.t  iMllienl  fealurp**  vroiiM  retitiir*^  mnm  space  than  wo  have  at  our 
disposal.  We  sliall  ihi-rororo  limit  the  disrtiwion  to  those  features  of  repro- 
duclinn  in  man  aiiil  thy  higher  animal!'  which  are  very  important  from  the 
staridpnint  nf  hiintan  phvsiolngy,  but  which  are  not  UHually  treated  as  Iw-Innp- 
inf?  tn  the  sfM'c-iiit  prnvinee  of  emliryolojO'.  The  fallowing  brief  survt-j  uf 
this  field  will  indicate  the  wope  we  have  in  mind. 

Rfipmdiictinn  in  riuirtt  of  (he  hij»her  animalu  iri  inaupiratcd  hy  the  ronjiiga- 
fion  of  two  dilTeri'iit  M.*jiinal  ulenioiitK.  tlie  male  and  the  female.  The  female 
element,  the  ovurn,  is  formed  in  the  ovary:  it  wa«  tirst  demonstrated  for  the 
mamnmU  by  v.  Baer  in  1827.  The  male  element,  the  apermatoinon.  ip  formefl 
in  the  testes  and  represents  the  "  seminal  b'>die8  "  diwovered  by  Leuwenhoeck 

in  ifirr. 

In  iimmmals  the  spermatozoa  are  introduced  into  tlio  female  botly  by  the 
act  of  enpuMinn.  K  ferfUizatinn  of  the  <vmn\  then  takes  place,  there  develop* 
within  thi^  femak!  Uidy  a  new  individual,  whieh,  when  it  has  r(nched  a  certain 
stajie  in  ila  developnient.  is  expelktl  from  the  botiy  of  the  mother.  This 
latter  pmeess  is  called  hirlh  or  pariurit'wn, 

W  birth  the  new  individual  is  nni  developed  far  enough  to  n«'k  inde- 
jiendently  and  to  utilize  the  or<linar)-  f™«l  of  the  species,  but  must  for  a  time 
derive  il.s  nourishment  from  the  uiolher.  The  milk  ijlanit-s  of  (he  mother 
al  this  time  are  rouseil  to  o  lii^'h  desree  of  activity,  and  furnish  a  secR'tion, 
(he  milk-,  which  contains  in  proper  proportion*  the  foodstuffs  necessary  for 
the  maintenance  of  the  newlmrn  child. 

The  physinloRy  of  rcprnduction.  as  yee  shall  limit  the  subject  here,  will 
■ccordinjtly  inclmle:  (he  functwn.s  of  the  male  and  ffmnle  srxtial  organs,  the 
prvcesucs  of  copulutioii  umt  uviufpiivn,  birlh.  and  t}tc  secrtliitn  of  milk. 

g  I.  THE  MALE  SEXUAL  ORGANS 

Thoft*  an- :  the  teMts,  which  priwluce  the  speniiatozoa;  the  aecfssorif  glands 
(vesicular  glands,  prostate  body,  and  liie  glands  of  Cowpcr),  which  produce 
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secretions  to  be  mixed  with  the  spermatozoa  in  the  seminal  fluid :  and  the 
male  organ,  the  penis,  by  which  the  seminal  fluid  is  introduced  into  the  female 
organs, 

A.   THE  TESTES 

Sexual  maturity,  or  puberty,  appears  in  the  man  at  about  the  age  of  fifteen. 
The  testes  begin  to  increase  in  volume  and  to  secrete  seminal  fluid.  At  the 
same  time  the  foreskin  becomes  loosened  from  the  glana  penis,  and  the  rest 
of  the  body  exhibits  many  changes :  the  bones  and  the  muscles  become  stronger 
(cf.  below,  page  "709) ;  the  larynx  increases  in  size,  in  consequence  of  which 
the  voice  becomes  fuller  and  deeper,  etc. 

When  the  testes  are  removed  by  castraiion  before  sexual  maturity,  these 
changes  do  not  take  place — which  prores  clearly  that  they  are  occasioned  by 
the  testes. 

The  general  character  of  the  individual  also  is  changed  by  castration,  as 
may  be  seen  best  perhaps  by  comparison  of  the  disposition  of  an  ox  with  that 
of  a  bull.  It  follows  that  all  the  characteristics  by  which  a  man  is  distin- 
guished from  a  woman  depend  essentially  upon  the  testes  and  their  activity 
(cf.  also  page  357). 

The  spermatozoa  are  minute  bodira  consisting  of  a  thick  head  and  a  slender 
tail,  which,  in  virtue  of  the  whiplike  movements  of  the  tail,  are  capable  of 
independent  motion.  The  speed  of  their  locomotion,  considered  with  refer- 
ence to  their  size,  is  rather  high,  namely,  0.05  to  0.15  mm.  per  second. 

The  spermatozoa  are  formed  by  a  peculiar  transformation  of  certain  cells 
in  the  testes,  known  as  spermatids.  According  to  Lode,  in  1  cu.  mm.  of 
human  seminal  fluid  there  are  about  60,000  spermatozoa.  The  quantity  of 
seminal  fluid  discharged  at  a  single  ejaculation  may  be  estimated  at  about 
3  cc. ;  whence  the  total  number  of  spermatozoa  in  a  single  ejaculation  would 
be  in  the  neighborhood  of  180,000,000 — a  perfectly  enormous  numl>cr  in  view 
of  the  fact  that  but  a  single  spermatozoon  is  necessary  for  fertilization  of 
the  ovum. 

FoRcs  reports  the  interesting  observation  that  the  testis  of  a  cock  trans- 
planted into  the  abdominal  cavity  will  continue  to  produce  spermatozoa,  fmra 
which  we  may  conclude  that  spermatogenesis  is  in  part  at  least  independent  of 
the  nervous  system. 

B.  THE  ACCESSORY  SEXUAL  CLAUDS 

In  a  castrated  animal  the  accessory  (/lands  atrophy,  showing  that  they 
must  play  some  essential  part  in  the  sexual  function.-*.  If  ca.'itration  he 
pcrfoniK'd  l)efore  sexual  maturity,  they  do  not  develop  at  all. 

Xotliing  is  known  at  present  as  to  the  special  functions  of  the  wparate 
glands ;  but  from  the  fact,  established  by  comparative  anatomical  studies,  that 
ihcre  is  rnnsideralile  variation  in  their  relative  sizes  in  different  species,  we 
may  snriiiiso  tlijit  they  all  have  an  essentially  common  purpose. 

TIio  .'^o-ciillod  srtninal  vesicle.i  arc  not  properly  a  receptacle  for  the  seminal 
!hii<I.  iillliougb  liicy  do  always  contain  a  greater  or  less  number  of  spormato- 
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lOa:  tliey  produtf  a  i;ecrfti(»n  of  their  own,  which  has  led  Owen  io  descrilw 
them  as  1\\(-  vesicular  gUiids,  When  l\wy  are  PxtirpaK^l  rilh^r  iiloin^  ur  in 
conjunction  with  Iho  protilato  I)n4ly.  KosunJ  diviri-  reinnins  nnimpnirrrd,  ami 
copiiIatioD  takw  place  in  tlii.*  eairtc  way  as  iu  tlie  normal  iiniriml  and  with  tfie 
usna)  fii-rpioncv. 

'Y\u'  UTmu\Hy  of  ihe  fliiiiniil.  hnwrver.  is  very  much  rediicoH  hy  the  oxtir- 
paliuii  of  llw  TCdiciihir  glands  (in  flhile  ratii)  and  if  the  prostate  body  be 
removed  alonfj  with  them,  the  prorrontiro  power  U  entiroly  lost.  The  flcoeft- 
sory  Npxual  jrlands  therefore  are  ufifolutetij  nrcpssary  for  the  full  fniitiitn  of 
the  male  sesmil  fuiirlions  (Steinaeh). 

Probably  their  moot  important  piir[i(«w  io  !o  provide  for  Ihe  dilution- of  tlio 
testiMilnr  seen-lion — a  eoiiditiuii  wbJcb  in  indinpeimMbl*'  for  the  niotility  <if 
tlu'  npemialuzoa.  In  the  testis  itself  end  in  the  epididymis  where  ihe  Huid  i* 
tliiek  the  8|>ernnitozoa  are  nut  inuliLe;  hut  when  ^^cnien  fmni  the  Ustts  la  mixed 
with  phyKt»ln(;iral  luih  wdulion,  active  movements  appeor  wherever  an  actunl 
mixing  tnkes  p]«oe  (Iwanoff).  The  ova  of  rnbbita,  guinea  piga  and  dogs  c-aii 
bt'  succcjts fully  ferlilijunl  hy  iiijectiiiK  into  the  viiK)iin  n  inixtupe'  of  >»i>enii  fn>tti 
the  epididymis  iiud  ptiyHiolnKiL'iil  huIi  ii^diilioii  (Wulki-r). 

On  the  other  hand  it  wii»  fnuiid  in  Sleiimeh'if  experiment!!  that  the  eperma- 
tuzuH  remain  mutih^  in  the  pnwiat.tr  M>rretinn  /nun  st-vun  tn  umi  timea  longer 
than  they  do  in  the  physiolriKical  snlt  fioluiion.  Thif  shows  that  the  H»i<T*-nnn 
eontainA  oilier  snli-stancvs  whi^-h  havi-  a  favorable  nation  upon  the  spermalobta. 
Since  atid>»  «re  vi-ry  hnrmful  to  the  n|»frnifttitti)«,  it  is  powiilile  that  the  socre* 
tion  haa  the  additional  fimetiou  of  nuutralizinK  any  actd  lliut  nia>'  chance  to 
be  present  in  the  vaginal  mucus. 

In  the  giiinea  pig  and  other  r«Klenls,  the  secretion  of  the  vesicular  gtnnd 
ooAgnlaleA  in  the  vng^Lun  mu  a<*  to  form  n  pUiff  wbirh  prevenla  the  e^fiipe  of  the 
Hemiiial  fluid.  This  coagulation  is  eauswl  by  the  acliou  of  an  enzyme  otvurriiig 
in  the  seewlion  of  llie  pnistntc  (CHmuft  ami  Oley). 

The  vasa  defert-nlia  in  the  t-al  ri'ciivf  iheir  uiutor  nenrcB  Eroui  Ihe  (s^'cond) 
third  to  fourth  (tifth)  lumbar  nml.s:  ihc^ie  iien-es  have  alu'Ut  the  winu-  iH-ripberal 
course  ail  the  lumbar  nervea  in  the  bladder  (Ijingh>y  and  Anderson:  ef.  pagi'Iti*:)). 

Tbi-  t-cMieu1ar  ghiodii  (if  the  guinea  pig  receive  motur  as  well  a»  secretory 
Sbcrf  by  the  hypogastrie  nerves;  Ihey  leave  the  i^pinal  conl  in  the  ftccfind  to  the 
fourth  Iniuliar  nerve*  (Akutsu). 

Mislnwsky  anil  llnnnanii  ^laIc  llmt  the  wwrctory  fibers  of  the  proHtate  run 
iu  thf  hypogustric  nerves  and  that  ita  muscles  arc  aupplied  alao  with  tiber«  frum 
thf  uervi  ttrigeul(->a. 

•  C.    ERECTIOH  AHD  EJACHLATIOIT 

Jugt  previous  to  Ihe  act  of  copulation  the  pfnix  hocomes  rigid  and  erect, 
thus  (iltcd  to  Ije  intriviuced  into  the  vagina.  Friction  of  the  fjlans  against 
Ihe  walU  of  the  vapina  sets  up  a  rrfti-s  hy  which  the  feininal  fluid  e^nitainlng 
all  the  secretions  of  the  accessory  pland*  is  dischargei!  into  the  female  orpan 
(ejaruhtion).  The  riffidity  of  (he  male  orjffln  thon  pai»n)  off  and  the  act 
of  copulation  iit  endnl. 

Ervftion  is  due  to  as  in-meh  of  hlood  into  the  three  cavernotic  bo<li« 
rtf  tlie  penis,  eiuiiiod  hy  dilatation  of  its  nrterits  under  the  intlnence  of  vaso- 
dilator neives.     Tln^e  nerves   fliervi  eriKenle!')  diseovoreil  by    Kekhard  and 
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studici!  later  Iiy  T»v/'n  and  ollicrs,  loavc  tlip  spinnl  cord  in  the  anlCTior 
of  tlie  first  to  liiircl  ^\u-ri\\  iicrviw.  itiiilc  with  lliit  liy!>f)}:a-strie  plexus  aud  run 
thence  tn  the  (wiiif^.  T\wy  hnvv  Ihuir  renter  in  the  lowi-rtiitwl  part  of  tltc 
cord,  M)  thai  ('rwlioii  can  still  l»e  reflexly  inihifn>«l  afler  section  of  Iho  spinal 
cord  between  the  dnrsiil  ami  ihe  liimbnr  rcfrtcmK  (rf.  pnpi^  .WS).  In  fact,  at 
ihi'  nictiiiiaii  of  itKtkiii^  t^iich  H  st-ullon  (in  the  guinen  pig)  crcctJnu  nm)  <.'jacu- 
lation  meui-  (Spina). 

Aeeonlinjr  to  I..  K.  Miiller  erection  ami  ojoeulntlon  enn  be  induced  (in  the 

liiitf)  li.v  nibhitiji;  the  iKtiiw  iiflcr  i'\lir|iiilii)i]  <if  tin-  liiiulijir  uiid  upjier  |iart  of 
the  sneral  ninj.  It  i-*  likely  ihi-rcfurf  thnl  llw  reflex  eiiii  lie  mediated  ]iy  peiiph' 
cral  Konglinn  cells. 

Kreclion  may  be  brought  at>out  also  through  the  infinenee  nf  higher  nwre] 
c«Uer«,  Krkhiirrl  was  ahle  (o  indnre  the  phenomeTiim  in  aniinnls  Itv  the  e!«^' 
trieul  .stiinulrttion  nf  ihe  cervieiil  efinl.  of  llie  pons,  and  of  Ihe  erura  ei-reliri. 
The  frtel  that  in  man  erection  often  oecurs  merely  an  the  result  of  enrtic  ■ 
idiaw,  \h  evitlenee  Hint  the  nen-i  eriguntes  may  he  excited  iu  the  some  way, 
also  by  the  wrrebriira. 

Slimiilniidii  iif  the  nervi  origentea  inerrnses  the  vtilume  of  blomi  flutrinK 
throuRb  the  pitdendn  inlema  rein  beyond  the  mmifh  of  the  peniii  vein  to  nUiut 
eJKbtfold  the  volume  Bowiof!  during'  'he  relaxetl  eondtlien  of  the  penis.  Since. 
hoWfViT,  eriTtitii)  n<vurs  ant  the  resell  of  ihe  saini-  sliiiiulnlitiii  llie  iiifltiw  ut 
bkiod  muBt  lie  Btili  (rreati.T.  in  ereetion  as  it  oeeuni  niitiirnlly  the  veins  of  the 
penia  are  eimipressed  by  cont rnel ii^m  of  ibe  musculniure  abmit  the  urethra, 
thereby  renderini-  the  oultlow  of  blfmd  from  the  penis  more  ditBridt,  which  in 
turn  iier\'(>!*  to  heighten  the  dtV'^'C  of  erection.  Comprfwiim  of  thcso  vcimj 
alone  however  does  not  cause  erection. 

Ereetimi  obviously  must  be  closely  related  to  the  function*  of  ibc  Icetos;] 
nnd  .vet  ubivrvationn  on  both  men  and  onimaU  go  to  show  tkul  ereettdti  is  pufr- 
itible  after  eastriLtion  and  that  sexual  jtossion  may  not  be  entirely  di-.'it r<i>-t-d. 

When  ejaeulalion  oeturs,  the  seminal  fluid  ia  thrown  by  foreiblr  eontrae- 
lioiii  of  thf  va«H  lU-forenlia  iiitu  IIk-  urethra  in  the  dirv-elion  of  ibe  imn*  mein-j 
bninaren  urelbne.     Kntianee  in  ihe  unniiry  bladder  is  preventpd  chipfly  hy  thej 
KphinctiT  of  tb<i  bladder  and  by  euutriioilKii  r>f  the  mueeulature  of  the  pr(.»itnle. 

The  ejneuhitory  duets  open  at  thr  sninniit  nf  the  Berainal  eminmop.  wbili; 
the  moutbit  of  the  numerouA  dueti^  from  the  prostate  are  ito  orrnntrr-d  that  they 
enijil.y  their  secretion  in  eicaetly  the  op]io!i!te  direction.     When  the  semen  pot 
out  of  Llie  ejaculatory  ducts,  numerous  tttroams  of  the  weretion  from  the  pnn-] 
late  are  at  the  snirie   time  poured    into  the  urethra  and  thcrv  rcwulls  a  wry] 
nntfiim  mixtur*?  nf  the  two  fluid))  (Walker). 

The  seminal  fluid  is  expellc-d  from  the  iirelhra  by  rontraclion  of  ihe  bulbo*] 
eavernimu!*  nnd  Iht-  isebio-nav*?niosus  mutwrlcs;  aeeordinp"  to  Walker  the  »phineU>( 
urethne  membranaeew  should  play  an  eBwnlial  [Wirl  in  this  aluo, 

Kjaeulalhin  may  tnke  place  without  erection — in  the  ku''»"»  P'K.  for  exnmi 
when  the  spinal  cord  is  cnishod  by  means  of  an  exploriuK  instrument.  In  ll 
Mame  animal  Ii('ni,v  found  on  the  inferior  vena  enva  at  the  level  of  the 
veins  a  xmall  Kflntclion  electrical  Blimulation  of  which  produeed  a  sudiU'n  ejarti- 
lation.  Sexual  desin;  was  nut  deatro^-ed  by  aection  of  the  iicrvi'tt  i4.iuiitK  from 
thi»  RtmKlion,  but  erection  and  ejaculation  wen*  no  luuKcr  i)ow>ible. 
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A.    THE  OVARIES  AND  OVIDDCTS 

The  prlmnriHtil  orn.  whirli  (ire  (Icstiin-*!  ulthiiHtt'lv  I"  biorome  the  mnliire 
ora  cajiabli;  of  foruliznlion,  an;  fornu-Kl  hI  n  wry  eurly  !»iiige  nf  imrnutrrine 
life.  In  the  furlhvr  c-nur»e  nf  tlt-vcLnpincnt  they  become  iiurrcundod  by  ft 
layer  of  K<^niiinal  opitheJial  ccIIh.  \\w  wlinlf  group  being  then  knnwn  ft.-*  the 
prinmry  (nllicle. 

From  this  primary  follicle  what  is  known  as  a  Qraajinn  ff/Hich  im  dcvcl- 
opctl  in  tlir  follrtwini;  manner:  The  npilhi'litim  which  mirromul!*  tlii'  nvum 
tic-i^inii  to  priiliri'Nilo  aiid  IxvfHmw  many-layenHl.  Then  in  the  Hpace  iH^twHrn 
Iht-'He  layiTK  a  lluiti  gradually  [■oUwIs,  partly  hy  trannudation  from  thu  wiir- 
roumlinji:  blood  vf-Sficls  ntid  partly  by  disinlcgralion  of  epithelial  aAU.  In  the 
liiiinaM  t)vary  tins'  /rV/ftrrr  (titHcHlnrix  \*<  found  only  in  that  part  of  IIil-  follicle 
presenting.'  toward  llie  surface  of  Hie  ovary.  On  (he  nietJia!  side  nf  Hip  fnllirle 
the  pjiit helium  forms  a  mns.'^  of  cfJIs  j^urrotindinp  the  i)viim  and  pnijivtinj; 
into  the  fnlliiiilar  cavity  a»  the  dwits  pruHgTUf.  The  follicle  is  al«o  8Ur- 
ronncIt\]  by  a  connective  tissne  envelope  known  a$.  the  iheca  folHcuH. 

At  the  i>ame  time  the  nvnm,  il^s  nnclens  (;^nninal  vesicle)  and  nucleolus 
(penninal  8pot)  grow  i[i  size  and  llie  ovum  bceoiiie!!  curronnded  by  a  nu-m- 
braiie.  the  zona  peUucida.  secreted  by  the  follicular  cpithcMnm.  The  mem- 
brane, however,  is  sfpuralcd  from  the  ovum  by  a  email  spaci;. 

In  thi.'  further  develripmenl  of  the  ovum,  the  protoplasm  from  the  center 
outwan)  licromcs  transformed  into  tjnfk  fphfruiejt.  nntil  finally  there  remains 
of  the  iruu  pmtoplatini  only  a  thin  layer  ^ituateil  [H'riplieratly,  and  containing 
the  nuclens. 

IJcvi'Iopnient  of  the  primary  follicle  into  the  Cirflafian  follielc  takes  place 
before  &exual  maturity,  in  fact  liefore  the  birth  of  the  young  female.  Hut 
the  ova  are  not  yet  enpnble  of  being  fertilixinl  and  will  not  be  before  the 
beginning  of  wxnal  maturity — i.e..  ali(ui(  the  frmrn-eiilh  yejir.  Ky  thin  time 
the  ova  are  about  twice  as  large  as  when  the  liraatian  follicle  sr&n  formed, 
measuring  nuw  almut  0.2  mm.  in  diameter,  and  have  extruded  from  them- 
selves half  tho  chntmalm   (staining  ^ubstancej  of  their  nuclei. 

When  the  follicle  has  rencliPi]  a  i-ertnio  size,  an  internal  proliferation  in 
the  inner  layer  i>f  llu'  (lioca  fullicuti  takes  place  which  finally  leads  tn  Ma 
rupture  and  to  the  e»>n»eipient  liberation  of  the  ovum.  The  procestbcn  con- 
cerned in  this,  according  to  Xagel's  description,  ghapc  thcmwlTes  on  this 
wUe: 

T}ic  vessels  of  the  theca  beoonio  strongly  developed,  and  the  cclU  about 
them  multiply  enormously.  At  the  Mime  time  the  protopla.'^m  of  the  celU 
becoincjt  tilled  with  a  material  (lutein)  which  gives  Ihc  whole  inner  wall  of  the 
follicle  a  yellow  east.  The  hilrin  crlh  Ixvome  bulge*]  out  in  the  form  of  a 
jiapilln  nn  llie  inner  layer  of  ihc  (heca  and  ihi:*  bulging  conlitiues.  crowding 
the  follicular  conlcnts  more  and  more  towanl  ihc  thinnest  part  of  the  follicular 
wall  turned  toward  the  surface  of  the  ovon',  until  finally  the  follicle  burst*. 
Hand  in  hand  with  this  proliferation  of  the  lutein  cell.f  Huto  goes  a  (atty 
degeneration  of  the  follicular  epithelium,  bj  which  the  ovum  with  ite  epi> 
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thelium  is  released  from  the  discus  proHgeniB.  The  contents  of  the  follicle 
are  replaced  in  part  at  least  by  a  blood  clot:  we  then  have  instead  of  the 
Graafian  follicle  a  corpus  luteutn. 

Thus  the  ovum  comes  into  the  abdominal  cavity  and  is  ready  to  enter  the 
Fallopian  tube  to  be  passed  on  into  the  uterus.  The  abdominal  opening  of 
the  tube  spreads  out  in  the'form  of  a  funnel  surrounded  by  fringelike  proc- 
esses known  as  fimbriee,  one  of  which,  the  fimbria  ovarica,  comes  quite  close 
up  to  the  ovary.  Along  this  fimbria,  extending  from  the  ovary  to  the  tube, 
runs  a  groove,  which,  like  the  fimbriae  themselves  and  the  mucous  membrane 
lining  the  tubes,  is  clothed  by  a  ciliated  epithelium.  These  cilia  beat  in  the 
direction  of  the  tube,  creating  a  current  in  the  surrounding  capillary  spaces 
between  the  viscera,  which  probably  plays  a  predominant  part  in  guiding  the 
ovum.  The  production  of  this  current  is  materially  aided  by  the  peculiar 
position  of  the  tube,  its  relation  to  the  ovary  being  such  as  to  form  about 
the  latter  a  sort  of  pocket,  closed  off  from  the  abdominal  cavity. 

Once  in  the  Fallopian  tube  the  ovum  is  carried  along  to  the  uterus  by  the 
movements  of  the  cilia.  In  this  journey,  which  requires  about  three  days,  the 
remains  of  the  follicular  epithelium  adherent  to  the  ovum  when  it  is  set 
free,  become  stripped  off,  leaving  the  ovum  naked. 

It  is  probable  that  many  of  the  ova  set  free  from  the  ovary  never  reach  the 
Fallopian  tubes,  but  are  lost  in  the  abdominal  cavity. 

Opinions  diffet*  very  much  as  to  the  time  of  ovulation  (liberation  of  the 
ovum  from  the  ovary),  and  a  definite  decision  between  them  cannot  be  (riven 
at  this  time.  Some  authors  suppose  that  it  takes  place  only  in  connection  with 
menstruation  (before  or  after),  others  that  it  can  occur  at  any  time  in  connec- 
tion with  copulation. 

B.   THE  tTTERUS 

The  uterus  is  a  hollow  organ  which  serves  the  purpose  of  harboriufr  the 
ovum  during  its  development  into  the  mature  fcetus  and  of  supplying  the 
necessary  nourishment  for  this  development.  The  wall  of  the  uterus  con- 
sists externally  of  numerous  smooth  muscle  fibers  interlaced  together,  and 
internally  of  a  mucous  membrane  lined  with  a  ciliated  epithelium,  invagina- 
tions of  which  toward  the  muscle  layer  constitute  the  mucous  glands.  The 
cilia  of  the  epithelium  beat  from  above  downward — i.  e.,  from  the  fundus 
toward  the  mouth  of  the  uterus. 

The  uterus  differs  radically  from  all  other  organs  of  the  body  in  that  its 
tissues  undergo  profound  alterations  under  perfectly  normal  circumstance?. 
Some  of  these  alterations  are  related  to  menstruation,  some  of  them  to 
pregnancy. 

By  mrnslrualion  is  meant  a  periodic  discharge  of  blood  from  the  uterus 
of  tlie  sexually  mature  female,  which  occurs  about  every  twenty-eight  days 
and  conlinues  on  the  average  about  four  days.  It  begins  at  about  the  four- 
teenth year  of  a<xo  and  constitutes  the  external  sign  of  sexual  maturity.  The 
(tiiantity  of  hlood  discliargod  at  each  period  has  been  estimated  at  from 
HID  ■..'()()  cc.  hut  tlio  amount  is  subject  to  great  variations.  At  the  age  of 
fiirly-(ivi'  to  fifty  years  menstruation  gradually  ceases,  and  with  it  the  ability 
to  licjir  yoimj;  is  permanently  lost.     This  age  is  designated  as  the  climactrric. 
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It  had  lon^  b(«ii  supposed  thot  menatmatioo  wbs  due  to  somo  nerrous  influ- 
ence of  the  ovftry  nver  the  nlenia.  But  it  has  b«H-ii  obaerVL-d  thot  in  n)o«kt\v« 
iii<>it»>lruftlii'ii  fflii  take  place  pvpij  wlion  thf  i»vflric-a  hnvr  been  romoi'otl  frnm 
thfir  nurraul  jiositioii  in  tbi.'  btwly  ami  lriiii»|iliiiitfd  elwwhpre,  all  iu*rvoua  coii- 
tifctioii!)  Willi  the  ovary  bcinj;  spvcrt-d.  Ilcncp  it  is  not  iiiipmbiiljlv  iWnl  ibe 
internal  secretion  of  thoovuryis  thcesw'iitiffll  iinHliwnof  influcni*  (cf.  pajre  35H). 

Ju«t  ac  in  man.  the  apjwarance  of  puberty  in  woman  ia  marked  by  other 
changes  in  tho  body:  the  mammary  glands  increase  in  size,  tlip  fifrun?  Iwra 
il«  cliildish  dolipairy  nml.  by  Ihe  ttepottition  of  subciitanfouti  fat.  l>wnmtw  more 
rolm»t.  Castration  nf  the  female  {extirpation  of  the  ovariw)  likewise  prr>- 
diieex  mure  or  lesw  nharply  pniiKmiu-eil  i-ban^Hn  (rf.  page  3r>H). 

The  monthly  changes  in  the  utiTUK  proawd  as  follows:  five  to  ton  days 
before  the  pcriwl  of  discharge  the  blood  venscln  of  the  mucous  membrane 
become  dilated.  tliL'  membrane  itself  as  a  result  «wells  up  muI  a  proliferation 
of  it«  more  sufierficial  layerj*  takes  place.  Then  follows  a  hfrii<)rrlinge  in  the 
fiuU-pillielinl  IIshuc  which  is  probably  not  due  to  ruptnre  nf  blood  vc*icU.  hut 
lo  (he  eH-ap!  from  them  of  rod  blood  corpv«cte8.  The  nutritive  condition 
of  the  mucouii  m^mhrane  thus  l)econiee  impaired,  and  as  a  consoque-nee  iU 
nuti-nntwl  layerH  (I''*'  ''f''ii/(/«  inrnnlrNafiji)  slmiph  off  (aeeimlinjr  to  *inio 
authors  the  Iob»  of  the  niumus  monibrano  is  not  due  to  lack  nf  nutrition,  but 
to  prciwurc  of  iho  escaping  bbMid  in  the  subjacent  tissues);  the  pcriotl  of 
discharge  eontinuts  for  almut  four  days,  when  a  process  of  restitution  seta 
in.  These  chanjEett  proceed  by  a  regeneration  of  tiasue  from  the  remaining 
ppitheliiim  HtKl  its  invaginationB.  and  InM  from  five  to  ten  da^-s.  Hence  the 
tissue  cliangfw  aeivmipauying  menslruation  cover  all  told  frr>m  fourteen  to 
twenty-four  day;*  out  nf  each  montb. 

Tbe  pbysiological  ftignificancc  of  menstruation  probably  consiids  tn  a 
preparation  of  the  uterine  wall  for  the  reception  of  the  fertilized  ov«(n. 

Like  ihc  rest  of  the  mucouH  membrane  of  the  uterus,  that  ftf  the  «>rvix  bean 
on  its  aurfaee  a  ciliated  ejiilhetium.  invaitinationR  of  which  form  ibe  cervical 
frlonds.  Thcac  glands  secrete  a  clear,  viwid  mucus  which  collects  in  thf  cervi- 
cal canal  soon  after  ronci'|)ti(in  Ami  remains  there  as  ft  plug  xerviiiK  tu  ke<*|>  tht< 
piusa^  clns»l  thmufchoul  preRnnncy. 

After  tbe  elirnacteric  bas  been  passetl.  and  ova  are  no  lonirer  beinjr  formed. 
the  mncouH  mrmbniue  of  the  uterus  sbrivuls  np.  the  connective  tiasuc  under- 
lying it  increases  in  quantity,  the  cervical  glandii  atrophy,  and  the  epithelium 
lu^ex  its  cilia.  ' 

C.   PREGnAIfCY  Alio  BIRTH 

SpermatoKoa  are  independcjitly  motile,  and  in  virtue  of  Ihia  properly  of 
niotilily  can  traverse  groat  ilistanccA.  rclatiraly  i^pt'aking,  Their  entrance  into 
the  uterus  and  Kallo|iiun  tubes  in  due  no  doubt  to  some  rhrmotiutir  inlluenco 
over  them  e_xerci-*ed  liV  the  secrelioHft  of  thoA?  organs,  and  their  B.*4^'nt  toward 
tbe  orariot*  within  the  tnl>cs  is  traceable  to  their  rheotaclir  projierlies  (of, 
page  ^G).  Coming  into  timlact  with  the  ovum,  the  ttpormatitziMin  enters  it, 
|K)ftsihty  under  the  t»[)ell  of  a  IhvjmMtirlic  inlluence  (ef.  page  Sfi).  Inside  (he 
ovum  the  spermatozoon  pro<lure«  elinnges  comprehended  under  the  tenn  frr- 
iUimiiont  which  inakc  it  puseible  for  the  uvuiu  to  develop  into  a  new  individual. 
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\Vhen  th?  ovum  has  liwn  fertilized,  it  becomes  attached  tn  tlie  maroai 
membrane  «if  IUl'  uleru*  aln_'»ulv  prepared  for  it,  and  later  iMJcomes  eurrounilwl 
by  tl'e  proliferating  fptttu-iiiiTii  [if  ilu'  intK-nuH  memhrarie. 

Tho  iiiatcriiil  necessary  for  ili«  luiurisiiineiit  uf  thv  ovum  is  received  from 
tbo  mother  Ihrmifili  Hie  jtUuenia.     \-i  \\\o  nvutii  grows  the  litems  inrrcasrui 
iu  sixe,  ao  that  while  lM?fore  impnftjjnntiim  its  capjiciiy  in  'A~h  <t.,  at  the  closej 
of  pre^jiiancy  it  is  5.000-7,000  cc     This  colosnal  development  pmduces 
iTiBrkalily  little  cliatige  in  the  or^ani^m  a»  a  wlioW,  ami  the  only  pefinaiieiit 
allt^ralirtiis  ronutininj;  after  pregnancy  are  rertain  folds  in  the  sulteulanenuaj 
connective  tissue  of  (lie  abdoiiien  causciJ  by  the  extreme  tension  to  whirh  it 
has  liren  Biihjorlptl.  and  certain  anatomicat  difterenets  in  the  wall  of  the  ut*Tiii.l 

The  ptTwJ  uf  gFHialion  covers  ten  menstrual   periods— i.  c,  nliout  two] 
hundrnl  flncl  nijihty  days — at  the  end  of  which  time  hlrth  lakes  place. 

The  fu'dis  is  ditichnr^pd  from  Ihe  litems  liy  powi-rful  fTintrsrlinnA  of  it*] 
niUHCuhir  walls,  aided  hy  KiniiiUaniHnis  coritracLionR  of  the  dinphrafcm  audi 
abdominal  musehs.  The  firi^l  efre<:t  nf  the  uterine  cootraeliom*  is  to  lirawl 
the  cervix  on  all  sides  lightly  flgainst  the  fietus  and  to  dilate  the  pai»flpf^  warl 
until  the  child  can  he  fnrceil  Ihrniiph.  This  stage  of  lahnr  is  callnl  lliej 
upvning  period;  that  following,  which  terminates  in  the  complete  discharjz 
of  the  o^spring,  if*  called  the  fixpulttion  prrind.  In  cahps  of  Rni  birtha  th 
former  period  lasts  about  Iwulve  hours,  in  sutif^eipienl  hirllis  six  hours:  tlie] 
longtli  of  the  expulKiun  period  is  cslimatcil  nt  two  hours.  Thej*  howeviT  aMJ 
only  nvcrage  figures,  and  the  duration  of  birth  may  vary  rnnsidemblT 
either  way. 

Owing  to  their  painful  character  the  contractions  of  the  uterus  in  child- 
birth arc  eotiimonly  called  Uihnr  jmim.     They  are  mil  oontinuous,  hot 


Fio.  302. — NarfDBl  curve  of  a  contraction  of  \\\f  uti-rus,  eSltr  Wvslernuu-k. 
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the  contractions  themselves  arc  intermittent  and  liccnmc  pragressively  loi 
and  more  severe  until  near  the  culmination  of  labor. 

The  freiiueiiey  of  labor  pain.^  is  variable.     At  the  beginning  of  the  fii 
stage  oj  tab^r.  the  interval  between  them  ts  greatest,  but  il   lnvnmpH  r^i^adilf 
less  until  it  reaches  its  loininuim  (less  than  one  hundrei]  t-e^^mdc)  a\  the  end 
of  thii^  stage  or  some  time  during  the  second.    When  the  puins  ore  nnu»aallj] 
long  and  severe,  the  payses  are  also  longer. 

So  long  as  there  is  no  change  in  Ihe  volume  of  the  contents  of  Hie  ul«'ni*,] 
the  inlrauti'rinr  prrxsurr  during  the  pauses,  as  cstimat«^l  by  Schnlz.  I'olallioii. 
Weslermark.  and  others,  remains  remarkably  even  in  any  imrticulnr  eu»  of] 
lalmr;  hut  in  dilTerent  eases  of  labor  it  varies  from  30  to  74)  mm.  !Ig.    Whi 
the  amnion  u  ruptunnl  a  decrease  in  ttu^  volume  of  the  uterine  contettiA  lAkc 
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place,  and  this  occasions  a  fall  of  the  inlrautvriiiu  pret^suru  at  tlit-  next  pause. 
Aft»>r  Ihiii  fall,  however,  the  pressure  iiurin>f  the  following  pauses  tends  to 
return  to  its  orij^inal  level,  allhniigli  tluit  level  is  hiehinrri  re«phcil.  purdy 
beeau^  the  umtiinlie  Hiiid  eseape.^  (luring  eaeh  eontraction  of  ihu  wall,  and 
portly  becau!»e  the  child  is  presj*il  deeper  and  deeper  iuto  the  pelvis,  thus 
decreajiinj;  the  Tolimie  of  the  iiterliip  cnnteiit!'. 

Lturinp  a  sinjrte  pnlii  the  intmuterine  pressure  increases  slowly  at  fir?t, 
then  rather  rapidly,  and  finally  slowly  again  until  it  reaches  its  highest  point. 
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Flo.  :VKi.  —  PrraKurr  curvp  or  ihe  Imal  rotilractiun  of  the  ulrruii  in  parturition,  ofler  Wcatcnnark. 
TliP  high  c\ir\e,  rcArliiiiic  a  jjrcwunt  <■(  4<HP  mtn,  IIr.,  rcprrwni^  tlir  L-flect  ui  tlie  kbdumickal 
idumIoh.     To  be  ivimI  (runt  left  lu  right. 

For  about  eight  seccmdi^  it  remains  at  thte  mnximum.  after  whirh  it  falls  at 
first  slowly,  then  for  five  to  twenty-firo  jsccond*  iiiore  rapidly  and  at  the  last 
very  slowly  (  Ftg.  a02). 

The  highest  preHsim-  due  In  the  omlractions  of  the  uterus  alone,  attained 
during  llie  individual  pains,  increases  during  the  progress  of  birth  and  reaches 
it«  maximum  al  tlie  end.  Out  of  r»H7  detenu inationn  maile  by  Westermark 
the  lowest  was  20  mm.  Mg.,  the  highest  ^20.  and  the  average  109  rani.  The 
value  naturally  Is  considerably  inen-ascil  when  the  abdominal  preMurf.  aleo  i« 
brought  to  bear  on  the  wall  of  the  uterus.  Espeeially  is  iliis  the  eaue  during 
the  last  paiuH  of  the  e\piil.sive  perioil.  where  vahies  of  4tH)  mm.  llg.  have] 
been  observed  (Fig.  .103). 

A  fluirt  rime  after  ihe  birth  of  thr  child  ihe  placenta  beeome*  looM>nMl 
wiib  ihe  amnion  is  i-xiiclb'd  fmm  (he  uteru*  (i,*  ihc  aflerbirlh.  The  iwrenl 
homorrhflfio  which  rn-curs  ut  first  is  st<>p]ied  by  the  powerful  cjiitrnctions  of  the 
ultTua.  Then  th<*  orKiin  grHduJilly  n-tunin  lo  its  original  size,  the  raucous  mem- 
brane becomes  reRcnerated.  the  muscle  fibers  decrease  in  length  and  breadth. 
Connwted  with  theue  re^enerfllion  rhantceN.  which  are  complete  after  about  two 
monthit,  there  i*  for  a  couple  of  wi>kt  a  iliAchurge  of  a  ttlimy,  and  at  fiml  bloody, 
material.  The  first  menstruation  however  does  not  as  a  rule  appear  until  about 
the  tc'Ulb  muuiK  when  lautaliuu  huu  ccMcd  (ef.  §3). 
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D.   ranERVATIOR  OF  THE  SEXUAL  ORGAHS 

Experimental  data  on  the  innervation  of  the  uterus  differ  widely.  While 
some  authors  state  that  the  circular  muscle  fibers  are  innervated  by  the  uen\ 
erigentes  and  the  longitudinal  fibers  by  the  hypogastric,  Langley  and  Ander- 
son have  reached  the  conclusion  that  (in  the  rabbit  and  cat)  only  the  lumbar 
nerves  convey  motor  fibers  and  that  these  supply  both  the  longitudinal  and 
circular  musculatures.  The  effect  of  unilateral  stimulation  is  felt  chiefly  on 
the  same  side. 

Nagcl  describes  the  innervation  of  the  uterus  in  the  woman  as  follows:  one 
trunk  arises  from  the  hypogastric  plexus,  while  others  arise  from  the  sacral 
nerves.  The  former  receives  fibers  from  the  third  sacral  and  sends  a  branch  to 
the  ureter.  It  then  betakes  itself  to  the  cervical  ganglion  (plexus  utero-vagi- 
nalis)  which  lies  in  the  neighborhood  of  the  lateral  vaginal  fold. 

Besides  this  ganglion,  which  receives  branches  from  the  fourth  sacral  and 
is  also  connected  with  the  hemorrhoidalis  nerve,  there  are  found  in  the  vicinity 
of  the  ureter  two  other  ganglia  (the  vesical  plexus) :  the  three  ganglia  are 
connected  with  one  another  and  send  branches  to  the  uterus,  the  vagina,  etc. 
Mof^t  of  the  uterine  nerves  come  from  these  ganglia;  a  smaller  part  of  them 
pass  directly  from  the  hypogastric  plexus. 

The  nerves  of  the  ovaries  arise  from  the  plexus  renalis  and  from  the  lower 
portion  of  the  plexus  aorticus  abdominalis. 

The  plexus  surrounding  the  vagina  arises  from  the  cervical  and  vesicular 
ganglia,  but  also  receives  twigs  from  the  third  and  fourth  sacral  nerves. 

Movements  of  the  vtems  can  be  produced  by  stimulation  of  the  different 
parts  of  the  central  nervous  system  (lumbar  cord,  medulla  oblongata,  anterior 
part  of  the  optic  thalami,  cerebral  cortex,  probably  the  motor  zone).  But  the 
uterus  contracts  spontaneously  at  a  certain  rhj-thm  even  when  it  is  cut  out 
of  the  body,  and  birth  has  been  known  to  ta-ke  place  in  a  perfectly  normal 
manner  with  all  the  uterine  nerves  cut  (Rein)  and  after  entire  extirpation 
of  the  lower  end  of  the  spinal  cord  (Goltz  and  Ewald.  cf.  page  58.T).  The 
central  nervous  system  therefore  plays  a  relatively  unimportant  part  in  con- 
trolling the  movements  of  the  uterus. 

According  to  Koilmann  and  Knupffer,  parturition  takes  place  at  once  if 
the  cervix  be  everted  as  far  as  the  ganglion  of  the  cervix.  But  Rein  states 
that  (in  the  dog)  parturition  takes  place  also  after  extirpation  of  the  ganglion. 

§  3.    SECRETION   OF   MILK 

The  newborn  child  is  not  far  enough  developed  to  seek  and  to  take  food 
without  help.  It;:  digestive  organs  are  not  yet  capable  of  modifying  the 
ordinary  mixed  diet  of  man,  consequently  nourishment  for  the  child  must 
be  ]irepiir('<l  for  some  months  in  the  body  of  the  mother.  This  is  accomplished 
through  (lie  activity  of  the  mammary  glands  which  form  and  secrete  the  milk. 

A.    MaK 

^lilk  <-(iii-iitntts  the  natural  food  of  the  child  and  hence  contains  in  proper 
rclalivi-  propnrtious  all  the  foodstuffs  neccijsarv  for  the  maintenance  and  devel- 
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opmont  of  the  young  body.    We  therefore  find  in  milk  proteid,  fat,  carlxv 
hydrale  aiid  miuerol  ^ubslanccs. 

Among  iht-  protfids  of  milk  wf*  find:  in  .■»mall  quantities  lact-globuliu, 
which  is  prrilmlily  itli'iiiii-iil  wilh  mtuiii  j;lolniliii:  laci-allmiiiln.  which  is  <lis- 
linguifliud  by  wrlaiii  |>r<'[>LTtjf!i  frDiii  bL-ruiu  iilliuiniu;  and.  nio-it  irnp^irlaiit 
of  all.  ca»fin.  Cnw"s  milk  i-(»ntaiue  on  tliL-  average  alwut  3  per  ci?ut  of  casi'in 
and  0.5  prr  cent  of  other  proteidd. 

Casein  of  cow's  milk  U  a  nucleo-aibumin  {jd.  pajre  75)  which  is  obarac* 
lerized  chiefly  by  the  fact  that  il  cuuKuhiU-s  under  ibe  itiflm-ncp  <)f  rennin  (rf. 
pntce  iSni.  lu  ihi'  (Irifd  mntc  cHncii)  in  »  tine  ivhlte  juiwder.  ll  \^  insoluble  in 
wnier  and  verj-  rtiftieuhly  soluble  in  sohilians  of  ilif  common  neutral  sfllts,  but 
in  water  to  which  a  very  sHfiht  trace  of  alknli  baa  been  milled  il  is  vi-ry  n*ndily 
eoUiblc.  It  i»  tiiiluliK'  a\*o  iti  th(.>  |in'Kc]ic<?  of  calcium  cnrbonale  from  whi^h  ibe 
casein,  flctint;  as  an  acid,  displace!-  the  carbon  dioxide.  lis  ^olution^  do  not 
coHRuIate  oil  boiling  and  are  not  precipitated  by  magnctiiuin  Hiilphate.  mptalltc 
salts,  or  mineral  ncid-'<  in  excess. 

The  OAM'irL  of  womnn's  milk  is  diatinguinhed  front  that  of  cow's  milk  chiefly 
in  the  form  of  the  clot.  While  Ibe  clot  of  c(>vr*i^  milk  is  eom|Ki«ed  of  den^n^ 
compact  masses,  in  the  coagulation  of  wouinn's  milk  a  v<.<r>'  loow  and  finely 
floeculent  preoiiiilntc  i^i  fonned.  This  difTr-n-nee,  as  will  be  readily  understood, 
ia  a  malter  of  (ircat  importance  for  digo.4iioii  in  the  stomnrli  <if  the  infant. 
Besides,  the  cnsein  of  woman'-i  milk  doea  nor  alwayfi  coairnlnte  under  the  influ- 
ence nf  reimin,  and  in  its  digestion,  accordinR  to  Kobrak,  ]isi-ndonurIein  is 
formed  in  vcr^-  much  nuialler  riunnlitie«  than  in  digefttinn  of  cow's  milk  cat^ein. 

Vnriou.s  other  circurastances  point  to  the  eonelusiun  that  the  I'asein  of 
woinnn'<i  milk  is  a  compound  of  a  nucloo-albuniin  stimilar  to  the  ca»ein  of  cow's 
milk  wilh  n  basic  proteid  body,  probably  n  histon  or  a  pmtomin.  In  fact  il  is 
powtible  to  preparo  from  the  cai-cin  '-f  vvoniHirn  milk  a  hoi]_v  wliirli  in  its  coajtu- 
lation  fornix  a  compact  cake  not  unlike  ibnt  of  row's  milk  casein  (Kobnik). 

Finally,  tliert-  ba^  U-eu  found  in  woman's  milk  a  proteid  Bub^^taiice,  very 
rich  in  sulphur  and  n'latively  poor  in  carlHin,  called  opalisin  (Wniblcwaky), 
which  occurs  in  cow's  milk  only  in  verj-  slight  (luunrittex. 

The  fai  of  milk  in  prpaent  in  the  form  of  umall  dropleta.  For  a  lonjr  time 
it  was  believed  with  Ascherson  that  these  dmplets  were  enrrounded  by  a 
proteid  ntenibrane  (hai>to>ten  menibranel-  I^ler  researches  f»oeme<l  to  have 
shown  ihal  this  is  not  iruo,  but  that  the  fusion  of  milk  droplets  is  prevented 
only  by  the  anrfnce  tension  of  the  cnnatitucntii  of  different  speeifie  gravity 
present  in  milk,  or  by  a  layer  of  cawin  or  proteid  wlution  held  ub'rul  the 
droplets  by  molecular  attraction.  But  more  recently  the  former  view  hae  l*een 
taken  up  upiiu,  nnd  it  is  now  stated  very  definitely  by  Voltz  that  Ibe  milk 
droplets  poMos.**  envelop!'^  of  solid  tiubj-tance,  which  are  probably  tnie  mem- 
branefi.  These  cnvolnpes  contain  both  nitrogenous  and  nonnitrof^nnns  com- 
pounds, as  well  aj^  inorganic  sulistances  of  which  calcium  is  the  chief.  Tlteir 
chemical  rompostlinu  varies  greatly. 

In  woman's  milk  tbc  fat  droplets  are  lander  and  Ibcir  number  smaller  than 
in  cow's  milk. 

fiulter,  which  is  the  fat  of  milk,  consists  mainly  of  palmitin  and  olcin. 
Besides  we  6nd:  stearic  acid,  myristinir  acid,  small  rjuantilies  of  butyric  acid, 
eaproic  acid,  etc.,  in  the  form  of  trigl^-cerides.     The  melting  point  of  the  fat 
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of  woman's  milk  ia   34°    C,    the  congealing   point,  20"    C,   and    its   specific 
gravity  0.966. 

The  most  important  carbohydrate  of  milk  is  miJk  sugar  (ef.  page  81). 

Bunge  has  made  the  very  remarkable  observation  that  in  dogs  and  rabbits 
the  mineral  constituents  are  present  in  the  same  relative  proportion  as  in  the 
ash  of  newborn  animals,  while  the  percentage  composition  of  the  ash  of 
the  blood  and  blood  serum  are  quite  different  (cf.  the  following  table). 


ONI   HlTMDItBD  PABTS 

A*H  Contain 

Suckling 
dog. 

Dosf-a 
milk. 

Dog's 
blood. 

Dog'B 
serum. 

TOUDS 

rwbbit. 

R*bbft-» 
mUk. 

K,0 

Nft,0 

8.5 
8.3 

35.8 
1.8 
0.34 

39.8 
7.8 

10.7 
8.1 

34.4 
1.5 
0.14 

37.5 

12.4 

3.1 

45.8 

0.0 

0.4 

9.4 

13.2 

35.6 

2.4 

52.1 
2.1 
0.5 
0.13 
5.9 

47.6 

10.8 
8.0 

35.0 
2.2 
0.23 

41.9 
4.9 

10. 1 
7.9 

CaO                    

35.7 

MgO 

2.2 

Fe»0,     

o.oe 

P,0,  

39.9 

CI 

5.4 

This  agreement  is  wanting,  however,  when  we  compare  the  composition 
of  human  milk  with  that  of  the  ash  of  the  human  infant,  as  the  following 
summaries  of  ol)servations  by  de  Lange,  Hugonenq  and  Soldner  will  show. 


On  HuHDKiii  Parts 
Abb  CoiTTAtN 

Ixrun. 

Motber'a  milk. 

soldner, 

1. 

SOtdner, 
U. 

Hugonenq. 

De  Lange. 

avermce 
ooinpoalUon. 

K,0 

8.9 
10.0 
33.5 

1.3 

1.0 
37.7 

8.8 

6.8 
8.3 

38.7 
0.6 
0.7 

40.3 
6.6 

8.2 
8.1 

40.5 
1.5 
0.4 

35.3 
4.3 

6.5 
8.8 

38.9 
1.4 
1.7 

37.6 
6.3 

30.1 

Na,0 

CaO    

14.8 
15  6 

MgO 

2.8 

Fe,0, 

0.5 

P,0, 

16.3 

CI 

20.1 

Bunge  refers  this  striking  difference  to  the  circumstance  that  the  com- 
position of  milk  ash  agrees  more  closely  with  that  of  the  ash  of  the  young, 
the  more  rapidly  the  animal  grows  in  weiglit  after  birth,  pointing  out  that 
it  is  only  by  means  of  such  an  agreement  that  it  would  l>e  possible  for  the 
rapidly  growing  animal  to  get  every  necessary  mineral  con.stitucnt  in  the 
proper  pro|)ortion  for  its  growth.  In  the  slowly  growing  human  infant  this 
agreement  i.s  not  necessary.  But  it  is  important  that  those  constituents  of 
the  ash  that  serve  to  keep  the  composition  of  Ihe  urine  normal  should  W 
siipjilii'd ;  hence  the  woman's  milk  is  found  to  contain  relatively  more  alkaline 
chlorides  than  the  dog  or  rabl)it  milk. 

In  support  <if  thirt  view,  Bunge  compares  the  percentage  composition  of 
milk  ill  ti«.-iue-fon(iiiip:  substances,  proteid  and  ash  (calcium  and  phosph<iric 
ni-iil)  ill  rupidly  mid  slowly  growing  animals.  It  will  be  observed  from  the 
foUiiwiiiK  Ijililo  that  theifc  i>ercentagea  are  much  higher  in  the  former  than  in 

tlic  hitter. 
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TniK  IS  <ruicu  Titii  Nr 

iwiut  Oft- 
WnttiCT. 

03i«  HrsfDMu  I'xm  Milk  CWwrira— 

•PRIMi    Ihll  WJtS    ITM 

Procelit. 

Ad) 

u,ih               Phoapluvni!  1 

Uttii 

lao'  dRT>- 
•0   '■ 

•*7    - 

ja  " 

15     " 
14    •• 

»    - 

ft    " 

1.6 
3.0 

a.n 

.'!.? 

■t.» 

5.3 
7.4 

10.4 

o.a 

0.4 
0.7 
0.8 
O.H 
0.8 

i.a 

8.8 

0.038                0.047 

Rwm 

0.134             o.m    J 

O.IW               0.1&7     1 

Unftt 

0.197                0.964 

0.84S                0.»8 

Q.iO              0.906 

Oog                       .... 

0.4K            o.fioe 

o.8n          0.W7 

The  avt'ra^'  rompnsition  of  cow's  milk.  IftkpB  from  a  very  Inrgo  number 
of  fliialysee.  is:  87.2  jkt  ueiit  water.  1^.8  jwr  cent  soHtU.  3.0  per  cent  ca^io, 
0.5  ]ieT  cent  alliumin.  3.7  i>cr  t-ent  far,  4.'.l  per  cent  ^iigar  and  (1.7  per  cent 
inini-nil  (■(HiMiliii^iHrf. 

Woman's  milk  coolains:  87-89  per  cvut  watur.  10.8-I2.4  per  cvnt  rolids, 
1-3  per  eent  proteid,  3—1  per  cent  fat,  5-8  per  cent  sngar  and  0.2-0.4  per 
will  niincrnl  matter. 

In  ^rt-m-ral  woniJinN  milk  U  poorer  in  pmteid  and  mineral  constituent*  and 
ricInT  ill  Nii^rar  and  Icciihirt  ihnn  onw'?  milk.  Thf  absolute  quantity  of  milk 
wcretei-l  during  tlic  iHctation  iwriod  incruase^'  up  to  llie  twcnly-eijrlitb  week, 
and  Ihcn  falU  ofF.  The  proicid  tonttnt.  however,  ahow*  an  almost  eonstant 
dwrcfifte.  m  the  follnwinf;  fifrurcs  from  Soldner  will  ahov.  Part  of  the  data 
•ru  from  dilferent  individuals. 


Tiki  «rtKn  Dkuvkdv 
or  Chilu, 

FvrceiiUiCA  of  K. 

Tin*  Arnrn  iiBuvBiir 

B-*      "     

0.827 
0.S47 
0.23.1 
0.218 
O.STO 

o.»» 

M-«ltUra 

o.ais 

8»-80    -    

0.180           J 

D      '•     

0.1SI            1 

0.102            1 

S3*    ■*      .   . 

0  141            1 

The  fat  fonifnt  likewise  decreases  wmcwhai  in  iho  connw  of  the  lactation 
peridd ;  Imt  the  prrccntage  of  sugar  increai«8,  at  firet  pretty  rapidly,  then 
more  ami  ntore  slowty. 

According  to  Kiin^v  the  mineral  ron-ttttuenti)  of  woman's  milk  haw  the 
following  diutributinii  per  l.ODli  ptirts:  K,0  0.703.  Xa^O  0.257.  CaO  0.343, 
Mp(l  0.01)5,  Fi\.t)j  (i.(H)i;.  l'..0^  n.-ifiy,  CI  0.445. 

The  i|uaniily  <if  milk  ni-cn'tiil  daily  hy  l»o(li  lireasls  of  a  nnrsinj;  mother 
may  1>e  estimated  ut  ahuut  1,300  g.,  hut  this  quantity  U  buhjcct  la  great 
variations. 

B.    SECRETIOM  OF  MRK 

The  milk  is  socrelcl  by  the  mammary  gland*.  Each  eland  cont;tst«  of 
15-20  loljes  grou|)e<l  about  as  many  ducta  which  open  in  the  nipple.    Tlmy 
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are  fully  formed  in  the  l>oy  as  well  as  in  the  girl  at  birth,  and  up  to  the  end 
of  the  second  to  eighth  week  after  birth  they  secrete  a  milky  fluid  called 
"witch's  milk."  In  males  the  mammary  glands  as  a  rule  become  only  slightly 
developed  and  never  produce  any  secretion.  In  the  female  they  begin  at 
puberty  to  grow  and  increase  considerably  in  size  at  that  time.  But  a  really 
important  increase  takes  place  only  in  connection  with  pregnancy.  During 
the  last  few  weeks  of  gestation,  a  fluid  which  differs  considerably  in  com- 
position from  the  milk  and  is  known  as  the  colostrum,  is  given  off,  and  after 
birth  has  occurred  the  glands  enter  upon  a  period  of  vigorous  activity  which, 
with  the  child  at  the  breast,  continues  for  months.  When  the  child  is  not 
nursed  by  tlie  mother,  the  mammary  glands  atrophy  and  shrivel  up  to  a 
small  mass  of  connective  tissue. 

The  nerves  of  the  mammary  glands  end  about  the  gland  cells  as  a  net  of 
cirrous  arborization.'!.  In  the  human  species  they  arise  from  the  fourth  to 
sixth  intercostal  nerves. 

In  animals  the  mammary  glands  sre  situated  more  distally  and  accordingly 
are  supplied  by  more  distal  nerves.  In  the  guinea  pig,  which  has  only  a  single 
pair  of  mammary  glands,  the  nerves  come  from  the  spermatica.  The  five  pairs 
of  glands  in  the  dog  receive  their  nerves  from  this  and  several  other  nerve 
trunks. 

The  influence  of  the  nervous  system  on  the  secretion  of  milk  is  a  subject 
which  has  not  yet  been  sufficiently  investigated.  From  the  observations  of 
Goltz  and  Ewald  on  animals  with  the  lower  end  of  the  spinal  cord  exsected 
(page  583),  we  learn  that  the  mammary  glands  can  secrete  milk  independ- 
ently of  the  central  nervous  system.  But  the  milk  secreted  by  glands  whose 
nerves  have  l)een  sectioned  exhibits  morphological  changes  which  go  to  show 
that  the  secretion  i.s  influenced  in  certain  wayf<  by  the  nervous  system  (K. 
Bascli).  Besidof*  in  the  al)ove  experiments  of  (ioltz  and  Ewald  the  influence 
of  tile  iKTipherai  synipatlictic  ganglia   wns  not  excluded. 

Concerning  tiie  mpchaniwi  of  milk'  secretion,  the  most  divergent  views 
have  l)een  cxpre;<sed,  and  for  the  present  we  cannot  dwidc  whether  the  gland 
cells  Ihtouio  di-sintcgrated  and  contribute  their  own  substance  tn  the  secretion, 
or  whftlicr  they  prepare  tlie  constituents  of  the  milk  from  other  materials. 
It  secTiis.  iiowever.  that  ihcrc  can  be  no  very  extensive  destruction  of  cells, 
and  the  real  question  therefore  narrows  down  to  whether  or  not  nuclei  ami 
protoplasm  hecoine  to  some  extent  transformed  into  secretion.  !Most  recent 
writers  on  tJie  subject  think  that  this  is  the  case;  but  that  only  the  free  end 
of  the  gland  cell  is  lost,  and  that  after  the  secretory  products  have  in  this 
way  bei'ii  ilischargi'd,  a  regeneration  of  llie  protoplasm  from  the  basal,  nuole- 
alcd  em]  of  tlic  cell  takes  place,  and  the  same  process  of  transformation. 
disintrgratiou.  etc..  is  n'peatod.  For  more  detailed  information  we  must  refer 
fo  ihc  liliTatiiri'  b<'aring  on  tlie  subject-  Here  we  may  only  add  that  during 
biftatioii  a  viining  uiiiiiliiT  of  Icucocvtcs  wander  out  of  the  interstitial  con- 
iifi'iivf  ti<sii.'  into  till-  iilveoli  of  tlic  glands.  It  is  possible  that  in  the  event 
■  if  ;irTrsinl  liictatioii.  tln'v  convev  tlie  fat  away  from  the  mammary  gland. 

\-'ii!nT  ciisi'iri  Tior  miik  sugar  is  found  in  the  blood;  hence  it  is  evident 
tliul  iIm'v  must  Itr  formed  in  tlic  mammary  gland  itself. 
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K.  Basch  conopivfrfl  that  c»8ttn  is  fonnitl  by  combiiiiitir;n  of  a  jifieuJonudein, 
which  is  set  fn^  from  the  iiucK'i  of  tbt*  gland  cell,  with  prutviii.  He  bn«8 
this  vii-w  wn  tht-  fact,  amoiiff  other  ihincs,  that  by  the  aclioii  of  a  xanihin-five 
and  RURar-free  nudcic  acid,  prt-pfln-d  from  ihn  marainar?'  gluiid.  mi  the  HPrum 
of  ox  bl'xMl.  ho  was  ahip  to  pc-t  a  aubftiance  ivhich  hnd  oil  the  physical  and 
<"heini(.'»l   ]irri|iortipa  of  cow's  milk   camn. 

Thf  i>iTwmu«C'  i^'f  fat  111  Ibf  milk  can  be  raisud  by  fi-ediiuc  fot.  Tins  incrcasQ 
ifi  I'XitluiiDiI  <ii  iliffe-'n'iit  waya  Iiy  iliffcrr'iit  authors;  but  it  in  fairly  pmbabli^  that 
MOiK  of  ih<'  fill;  of  ihf  food  ni  least  irt  carried  over  into  the  secrctioti.  The  fact 
that  wh«ni  iod)»-<l  fwine  fat  has  been  fed,  it  can  bo  dciuotuttra lc<l  in  the  milk 
in  fairly  lar^e  niinnltlie;*  (WintcmitxJ  would  fnvnr  thi«  view.  When  iodiiio 
nloiie  or  potassium  iodide  is  fed  only  the  merest  traces  of  iodine  are  foutid  in 
the  milk  (Caspnri). 

On  the  other  hand  we  have  olmervalitins  by  Henricjucs  and  ilaoiien  which 
indieate  thnt  ihe  fiit  of  the  food  in  its  i)a9eRge  thniiijrh  the  cells  of  the  milk 
glands  eufferti  ehaiifre^  in  its  eomjiosition. 

Kren  ulien  un  niiitniil  in  lacliiTioii  n-cfivex  a  diet  whieh  ttt  poor  in  fat,  the 
milk  cmluiiis  a  eonsidernble  quantity  of  fat.  lu  lhi«  caw  the  milk  fat  mu»^t 
have  beoii  foniimi  either  finni  the  earbobydratp's  fpd  or  from  the  large  deposita 
of  fat  in  ihc  bmly.  Tbiu  is  demonstrated  ei^ pceially  by  the  uppenniiice  of  iodized 
fat  in  the  milk  at  n  time  when  there  was  no  iottizii]  fat  in  the  food,  but  when 
ifKlized  fat  had  previously  been  stored  in  the  body  (CaRpari). 

A  cow  on  n  restricted  diet  naturally  seei-etes  less  milk  than  on  «  full  diet; 
but  tlie  fat  in  ber  ictilk  still  has  a  lower  melliiiK  pr.int  than  the  body'«  fat.  This 
means  that  when  the  fat  deposited  in  the  body  is  called  into  rvquisitioii,  nda- 
lively  more  ok-in  \»  mubilizetl  than  pnlmaiin  and  stearin  (Ilcuriques  and 
HnnsiPD). 

It  ba»  «fttime:s  lieeii  confirmed  that  l>otli  the  quantity  of  milk  and  the  per- 
oenlaife  of  fat  secreted  increaws  on  a  diet  which  is  rich  in  proteid.  and  thl* 
can  ivniy  mean  ihHt  prDieid  either  directly  or  indirectly  is  a  source  t>f  fat, 

Accortlinji  to  Thierfelder  the  suirar  of  milk  aristw  from  sonio  m<ilher  suh- 
Btance  not  yet  definitely  identified,  by  the  action  of  an  en*j*me  associated  with 
the  filand  i-elU. 

The  following  may  be  mentioned  here  nmonit  the  many  different  exicmai 
aiWlieies  which  iiitluciiec  the  quantity  and  quality  nf  the  milk:  (1)  Frwpient 
milking  fuvurH  the  activity  of  ihe  uhuid».  When  the  mitkinR  i»  done  at  ■tatml 
iulerval-s  the  Inst  milk  sTrippcvl  frnm  the  glands  is  richest  in  fat.  This  \* 
probably  due  to  the  ndhercnee  of  miiny  fat  particles  to  the  walls  betwt?pn  llie 
foldn  of  llie  muctiUM  mcnibnine  n»i  (he  earlier  milk  tiowed  through,  xhc  strippini; 
process  bcinK  necessar*-  to  dislodK*'  them.  (5)  Too  t-iuomu*  exereis*  diminishea 
th<-  quantity  tif  the  milk,  probably  k'cnuse  the  blood  stream  is  diverteil  from 
the  glandf  to  the  muscles.  On  the  other  Iiaml.  moderate  exercise  increases  the 
Kcen-tion  of  niilk  in  women,  prohnbly  owinp  to  its  favorable  effects  dd  respira- 
tion, circulation,  digestion,  etc.  (II.  Munk). 


SECOND   SECTION 

GROWTH  OF  THE  HUMAN  BODY 

Several  different  periods  may  be  rccopiized  in  the  life  of  an  individual 
human  U'ing.  They  are  not  marked  o(T  by  sharply  defined  boundaries,  w 
that  one  cou  lUiy  for  example  that  on  a  certain  day  the  individual  h  a  youth 
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and  the  next  day  a  man  or  woman;  but  are  recognized  by  the  characteristics 
which  plainly  prevail,  once  they  are  fully  established.    These  periods  are: 

(1)  Period  of  the  Newborn,  from  birth  to  the  loss  of  the  umbilical  cord, 
which  usually  takes  place  in  four  or  five  days. 

(2)  Period  of  Infancy,  up  to  the  appearance  of  the  first  teeth,  from  the 
seventh  to  the  ninth  month. 

(3)  Later  Childhood,  up  to  the  appearance  of  the  permanent  teeth  about 
the  seventh  year, 

(4)  Age  of  Boyhood  and  Girlhood,  up  to  the  beginning  of  pulierty,  thir- 
teenth to  fourteenth  years. 

(5)  Age  of  Youth  or  Adolescence,  up  to  the  time  of  bodily  maturity, 
nineteenth  to  twenty-first  year, 

(fi)  Age  of  Maturity,  up  to  the  prime  of  life  (climacteric  in  the  woman), 
forty-fifth  to  fiftieth  year. 

(7)   Old  Age. 

The  first  five  periods  are  the  ones  of  particular  interest  here  because  they 
cover  almost  the  entire  period  of  growth.  The  sixth  period  is  the  age  within 
which  man  reaches  his  full  physical  and  mental  development.  During  the 
seventh  period  various  disorders,  caused  more  or  less  by  chronic  ailments  of 
one  kind  or  another,  gradually  encroach  upon  the  normal  function,"?,  and  the 
physical  and  mental  powers  are  on  the  wane. 

In  turning  now  to  the  subject  of  the  size  relations  of  the  body,  let  it  be 
understood  that  the  data  presented  are  average  results  and  that  many  indi- 
vidual variations  from  them  are  to  be  observed.  In  any  exhaustive  discussion 
of  the  subject  it  would  be  necessary  to  consider  these  variations  and  their 
meaning,  but  it  will  be  impossible  to  do  so  here.  The  following  is  a  concrete 
example  o^  the  method  employed  in  arriving  at  average  results. 

Quetelet  and  Altherr  carried  out  a  series  of  observations  on  the  weight  of 
the  newborn  child,  and  found  the  moan  value,  irrespective  of  sex.  to  be  3.100  g. 
The  extremes  however  were  very  considerable,  for  among  the  children  weighed 
there  were  some  under  1.5  kg.,  and  some  over  4.5  kg.  In  order  to  get  a  general 
view  of  the  variations  and  thus  to  be  able  to  grasp  the  significance  of  the  mean 
value  more  correctly,  the  entire  series  of  observations  may  be  divided  into 
groups  according  to  weight:  1.0-1.5,  1.5-2.0,  etc.,  and  the  proportion  of  indi- 
vidual cases  belonging  to  each  calculated  in  percentages  of  the  entire  number. 
We  pet  in  this  way  the  following  table,  the  results  of  which  might  be  made  still 
more  clear  by  a  graphic  representation  like  that  in  Fig.  302, 


Boiiv  Wkioht  or  the  Nutborn 
Child,  in  Kiloorahs. 

Number  of  cones. 

Percentage  of  cams. 

1.0-1.5 

2 

8 

M 

180 

2St 

88 

15 

1 

0.S.3 

1.5-2.0 

1.34 

2  n-a  V,                      

9,01 

2.5-3.0 

3.0-:i  r> 

30.  a? 
41   90 

:!.5-4.ti       .                     ...     . 

14  69 

4  11-4  5 

2  51 

4.r,-.-,.o 

0.17 
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The  weight  of  thy  uluM  at  tiTiu  is.  on  lite  avorage.  3.000-3.500  p.  (ex- 
tremes. a.4l)»t-5,500>.    Boys  are-  iwually  from  80  to  150  g.  hearior  thnn  girls. 

The  length  of  the  nowhorn  chihl  is,  on  the  average,  50-fll  cm.  Boys  npiwar 
as  a  rule  tr>  lie  I  cm.  IoDiKCT  than  girls. 

The  weight  nf  the  newborn  child  inorcnws  with  the  number  of  pnvnannes 
and  with  the  age  of  the  mother  up  to  her  fortieth  year,  as  the  following  com- 
pilations by  Iii|^r»lew  will  show: 


VniBKit  or  TBK 
PNKnuwnr. 

WHBht  ft  th*  ebM 

An  or  ¥«■  MoTKia. 

ai  blrlD,  Id  (TTMIUl 

8.254 

SMI 
8.400 
8.434 

3,1100 

15-16  

S.241 

ao-iM 

&299 

2B-S»  

S,S42 

8&.34 

8.875 

I  ' 

8.42A 

40-44 

S.83e 

I 
I 


I 


I 


The  Kfneral  physical  coiulition  ami  (lfVolo|)mi'iit  of  th*'  mother  aUo  have 
much  to  do  will]  llit-  w(?i)rht  nf  the  ebilil.  The  Kfeattr  the  leiigth  of  the  molhtr's 
body,  and  the  better  its  uutritivt  cendition.  tbe  heavier  ami  longer,  Ketit^rally 
Kpcakiiifr>  will  be  the  weiirhl  and  lontith  of  the  child  at  birth. 

During  the  first  two  days  after  birth  thfl  child's  tK«dy  loaw  10O-20U  g.  in 
weight,  but  ahout  the  third  day  it  liogins  to  grow,  and  on  the  fifth  to  seventh 
day  reaches  its  first  weight  again. 

From  this  time  on  the  growth  in  weight  is  very  rapid,  and  by  the  twenty- 
fourth  week  it  has  doulded.  At  the  end  iif  the  firrtt  year  it  in  two  and  three- 
quarter  liriies  what  it  wan  at  birth.  The  average  monthly  increase  as  givea  by 
Albrecht  for  the  first  twelve  months  is  as  follows:  flOO  g..  870,  flJO,  7S0.  600. 
540,  420,  330.  330.  270.  340,  and  210  g.;  within  the  entire  twelve  montliP. 
tlierefnrc.  a  total  of  fi,300  g.  is  gained.  Hence  at  the  end  of  the  year  the 
weight  is  alHJut  9.500  g. 

The  length  of  the  infant's  hotly  at  the  end  of  five  months  is  shoot  68  cm. 
and  at  the  end  of  the  first  year  about  77  cm.  Growth  therefore  is  more  rapid 
at  first  than  at  any  !>ub^n|uent  time. 

The  food  of  the  child  may  be  set  down  as  the  moet  important  factor  in 
determining  the  rate  of  growth  during  the  first  year.  So  far  as  we  are  able  to 
jtidgc  from  publish«^  obscrvntions  on  The  subject,  the  child  thrivtw  better  and 
its  weight  increases  more  r8pidl.v  when  it  is  fetl  t-xelusivel^v  at  the  breast  through- 
out tbe  infancy  period.  This  iloubtleiis  signifies  that  no  artificial  means  o^ 
nourishment  has  ever  U-cu  found  which  makcii  no  little  exactions  on  tbe  delicat 
digestive  apparatus  aa  the  mother's  milk. 

In  three  years  the  child's  body  has  already  reached  half  the  length  it  will 
bo  when  fully  grown.  During  this  period  a  boy  will  on  the  average  hoTC 
atlaiiied  to  a  weight  of  lfi-2l  kg.,  and  a  girl,  17-31  kg. 
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The  growth  of  the  body  in  length  during  the  later  years  of  childhood  will 
be  evident  from  the  following  table : 


YSAK  DP  AOB. 

Bo; B :  leogth  in  cm. 

Qb-'.a:  Wngth  in  em. 

8 

74.2 
85.3 
91.9 
96.6 
108.2 
106.6 

77.2 

8 

63.5 

4 

90.0 

6 

96.1 

6 

100.  fl 

7 

101.9 

Obviously  it  is  much  more  difficult  to  get  an  extensive  series  of  observations 
on  the  growth  of  the  child  during  the  first  five  or  six  years  of  life  than  it  is 
later.  Within  the  years  of  seven  and  nineteen  the  material  is  much  more 
accessible  and  the  total  number  of  observations  on  the  rate  of  growth  in  length 
and  body  weight,  made  on  children  of  school  age  by  Bowditch  in  Boston,  Key 
in  Sweden,  Kotelmann  in  Hamburg,  Fagliani  in  Turin,  Roberts  in  England 
and  Porter  in  St.  Lotus,  foots  up  a  total  of  more  than  125,000  individuals. 

But  we  should  not  be  warranted  in  drawing  an  average  from  all  of  this 
material  taken  together.  There  are  certain  racial  characteristics  which  would 
need  to  be  taken  into  account  in  so  doing,  and  our  purpose  here  will  be  better 
served  if  the  material  chosen  be  as  homogeneous  as  possible.  The  observations 
of  Key  in  Sweden  probably  fulfill  this  requirement  as  well  as  any.'  It  may 
be  remarked  however  that  the  conclusions  drawn  from  this  material  have 
been  fully  confirmed  in  the  gross  by  observations  in  other  countries.  Certain 
age  differences  only  are  to  be  noted. 

P'ig.  a04  represents,  according  to  Key,  the  mean  height  and  mean  weight 
of  male  and  female  pupils  in  the  higher  schools  of  Sweden  between  the  vear.- 
of  seven  and  twenty-one. 

Up  to  and  including  the  eleventh  year  boys  arc  both  taller  and  heavier 
than  girls.  From  the  twelfth  year  to  the  sixteenth  this  relationship  change^:: 
girls  arc  then  both  taller  and  heavier  on  the  average  than  boys.  With  Ihe 
seventeenth  year  the  relationship  once  more  changes  and  the  curve  of  dcvel- 
opmenl  for  l)oy.s  ri.scs  above  that  for  girls  and  the  difference  becomes  greater 
and  greater  thereafter  until  complete  maturitv. 

The  urarli/  increasp  in  height  and  wpight  in  hoys  for  the  seventh  year  i* 
5  cm.  and  2.3  kg.,  and  for  the  eighth  year,  5  cm.  and  3.4  kg.  For  the  ninth 
to  thi'  tliirtwntli  year  the  growtli  in  height  by  vears  is  4,  2,  3,  4,  4  cm.,  ami 
the  growth  in  weight  by  years  is  1.7,  1.0,  hO."  2.3.  3.1  kg.  The  growth  in 
hoys  is  at  its  fcolilest  during  the  twelfth  and  thirteenth  years.  With  the 
fourteenth  year  the  period  of  puberty  is  reached  and  the  growth  both  in 
hoiglit  and  weight  becomes  much  more  rapid,  the  increase  in  the  former 
for  tlie  fourti-entli,  fifteenth,  sixteenth  and  seventeenth  years  being  .-..  7.  fi. 
5  fin.,  and  the  increase  in  the  latter  being  4.7.  4.5.  5.5.  .5.3  kg.  respectivelv. 
The  most  rapid  growth  in  height  takes  place  earlier  (fifteenth  and  sixteenth 


'  Certainly  muph   better  than  would  obeerx-atioriB  made  in  any  of  the  larger  cities  of 
the  United  States.— Ed. 
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year*)  Ihau  the  greatest  growth  in  wt-iglit  (^ixtceDlli  and  seventeenth  years). 
Since  intrMse  in  weight  is  of  greater  signidoanoe  than  increase  in  height, 
Ihtr  fixtemitli  and  sfvetiltuuth  years  nmy  ho  regarded  as  (lie  years  of  most 
rapid  physicjil  ilcwlrnitiient  (tf.  |)agt'  144). 

After  the  t^eventeenlh  year  \\w  yearly  rale  of  growth  in  hc-ight  anil  weight 
is  less,  Ijut  the  increaM-  ttintinueH  uiiiiL  al)<>ul  live  tweiity-tirsi  year,  when  the 


7 

8 

f 

r — 

10 

11 

w 

a 

f« 

« 

M 

/? 

J» 

>9 

w  p 

T| 

ii..|. 

^' 

ft? 

Ml 

L> 

.1*1 

I!\  i-l  • 

/ 

•^ ' 

Ai 

Wf 

Ul  !)■ 

'^ 

_^ 

^ 

^. 

M 

Mt 

rt 

'"i 

iiini 

^ 

i»- 

?f 

fiff 

^ 

/ 

Tf? 

rv< 

-i 

<^ 

X 

a'i 

tw 

0 

/ 

^' 

-*" 

m 

/ 

/ 

•  1 

,  •" 

--1 

^ 

fi 

tyt 

--/ 

y 

w 

rff 

'' 

/ 

fr^ 

/ 

f 

4 

w 

_-^2 

— ^ 

^' 

i^' 

11 

ita 

^ 

■ 

y 

>■ 

■- 

m 

'V 

'.■*'\ 

7^ 

rfiw 

L** 

-• 

3 

J, 

il   \»7 

im 

ft 
tzr 

693 

l£K 

If37 

aw 

itf76 

»J*« 

/Mtf 

/fit 

*?J 

«tj 

(fW| 

d 
2 

3 

6 

n 

6V 

tit 

2T7 

lit 

ifi 

*j.» 

W 

1 1 

ft¥ 

S* 

JU 

vf 

FlO.  3M. — Curvflsr«prcwnting  tliclinglit  and  wnght  of  boysanclfirtAof  (liffrrvBt  agp.ftfler  Key. 


youth  reaches  his  full  physical  stature.  The  height  at  this  timo  i»  on  the  aver- 
»g>'  173  etii.  antl  the  hcidy  wi-igh[  d'l.'i  kg.  The  man  coiitinui»  lo  grov, 
ihougli  very  elowly.  for  sevvrai  yeatf  niore, 

^  The  phffsiral  devt-lopment  of  girls  nm»  quite  a  different  course.  The 
period  of  feehh"  growth,  which  is  m»  (^hnrply  m«rko«3  for  Ih>vs  just  previoiis 
to  piil»orty,  coine.-*  earlier  for  girls,  nann-ly.  ^o  far  ai*  eoneeniB  height,  in  the 
ninth  year.  'I'lte  yearly  iiiereasr  in  height  nf  girls  from  the  ninth  to  the  seven- 
teenth year  i«  7.  4,  5,  5,  6.  5.  4.  'i.  i  cm.  The  increase  in  weight  for  the 
same  year*  is  ;1.4,  1.9,  g.S,  2.5,  4.i>,  3.7.  S.«,  4.1.  2.7,  3.0  kg.  rcjipectively. 
We  M-T  thai  there  is  a  period  in  ihe  development  of  girts  also,  from  the  ninth 
to  the  eleventh  years  inelusivf.  whvn  the  rate  of  gmwlli  in  wciglit  i»  relatively 
slow.  The  true  pulicrty  period,  wliieh  is  character izpd  hy  a  rapid  growth  in 
Weight,  logins  in  the  Iwelfth  year  and  lasts  until  the  Itfteenlh  year  (ine)n.'iire). 
With  girls  Ihe  gmwth  in  heinlit  oimtinuej'  until  only  alvoiit  the  Aeventeonth 
year,  while  Ihe  increase  in  weight  can  he  demonstrated  up  to  the  twentieth 
year. 
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From  these  and  many  other  observations  it  follows  that  the  physical  devel- 
opment of  girls  is  run  through  in  less  time  than  that  of  boys  and  that  it 
terminates  more  abruptly. 

Hand  in  hand  with  the  more  rapid  development  in  height  and  weight  dur- 
ing the  puberty  period,  there  goes  also  a  correspondingly  stronger  development 
of  the  chest,  as  contrasted  with  the  development  during  the  years  just  preceding 
puberty.  The  mean  increase  in  the  chest  measurement  at  the  position  of  deepest 
inspiration,  in  boys  from  ten  to  seventeen  years  of  age.  is  given  by  Kotelmann 
(for  Hamburg)  as  follows:  1.68  cm.,  1.97,  1.82,  0.99.  3.78,  3.47,  4.02,  2.44  cm. 
respectively. 

According  to  Key's  observations,  the  resistance  of  the  body  to  harmful  influ- 
ences during  the  years  just  previous  to  puberty  is  relatively  weak.  But  in  the 
course  of  the  puberty  period,  when  the  youthful  life  asserts  itself  in  all  its  vigor, 
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Flo.  305. — Variations  in  the  h«ght  of  military  recruits  in  Swwlen,  after  Hullkranz.  The  nrdi- 
nalfs  rei)reseiit  tlic  percentage  of  the  whole  number  (232,367)  of  individuals  who  were  of  ilie 
height  (i:i  meters)  represented  by  tlie  abscissie. 


the  resistance  of  the  body  Increases,  the  percentage  of  sickness  in  the  schools 
declines  and  reaches  its  minimum  in  the  last  year  of  this  period  (seventeen). 

The  economic  circumstances  iu  which  the  children  live  exercises  a  vcrA'  con- 
siderable influence  on  tlieir  physical  development.  The  children  of  the  poorer 
classes  fall  behind  their  companions  of  the  same  age  from  the  homes  of  the 
well-to-do,  both  in  height  and  weight.  The  period  of  feeble  development  ius^t 
before  puberty  is  longer  for  the  poorer  children.  But  once  puberty  begins,  the 
period  of  rapid  growth  seems  to  proceed  all  the  more  rapidly  in  spite  tif  its 
delay,  and  to  terminate  in  the  same  year  as  fur  children  of  the  well-to-do.  The 
whole  period  is  therefore  shorter  for  poor  children,  but  is  characterized  by  an 
even  more  active  development  during  its  last  years  (Key). 

5Iallin(r-Ilinisen  has  shown  by  a  very  extensive  scries  of  observations  in  Den- 
mark that  llnTc  is  a  seti^ofini  i-ariaHon  in  the  rate  of  growth  in  children.  From 
the  end  of  Xovcmlicr  or  the  beginning  of  Decemlx'r  to  the  end  of  March  or  the 
midillc  of  A|)ril  children  ^tow  very  feebly- — so  much  so  that  the  increase  in 
heitrlit  is  less  tlian  usniil,  however  slow  that  may  be.  After  this  period  of  feiMe 
f-Tciwlh  follows  a  period  during  which  growth  in  height  is  very  active,  but  ihf 
increase  in  weight  is  rodnced  to  a  minimum,  IndiH'd,  children  even  h'Si'  in 
wciR-ht  duriiiif  this  period  of  most  active  growth  in  height,  almost  as  nnudi  a-' 
they  have  j^uiiied  in  the  preceding  period.    This  period  lasts  from  March  or  April 
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o  July  or  Aujrufil.    Then  follow*  a  third  pcriuj  which  contiDues  until  Kotoiu- 
ber  or  Pewmhrr.     The  incrpnde  in  hi^ipht  is  now  very  feeble,  but  the  increaae 
_     iu  weight  mc^  rapidly  aiiii  bGoomcs  considerable. 

»         Tlw  weight  of  the  adult  hodtf  varies  grratUj.  hut  may  be  estimated  at 
65-TO  lig.  for  men  and  5l>-<jO  kg.  for  women.    At  a  mature  age  the  weight 

»iii  both  sexf*  ns  a  nilt-  hif  nmps  frrcHtrr  by  lh»'  tloposit  of  fat. 
The  heiglit  nf  incti  of  ihlTfri'iit  iiiili(>nalitic»  is  somewhat  variable,  a*  the 
follnwinj^  table  compili^l  frfim  avi-ragc  moa,*ur(?inenta  mf  militan,-  recruit*  at 

Ilhu  ajELMif  IWL'Uty  to  Iweiily-oue  years  ia  the  ditfertMU  uouutriet  will  show: 
LaiilmniiT I.V).0  col 

IUi»g«rii.ii Iffil  .3  " 

■          H/iv«mn 103.8  " 

■          KiwiHn IW-3  " 

H          Freiicb ....,.-     ItM  9  •• 

H  Julian  iTrom  (li(Ter«rLt  provinoet-) 13U.O-I<M.5  " 
H  Kinlarjtl(-r*fnim  (Ifflvrvnt  iirovtuces) lKy.»-llf9.9  " 
"  Kinjlirii  and  Irwh 160.0 
Sileaian liW.3 
H          T»iiiie Ifll*.  a  " 

H          Xorwcgian lflU.8     iei».8 
■          Scot 170.8  " 

V  United  SUIm 173.3  *• 

Varmtions  within  the  Asnie  natintinlity  are  con^ii'lerAhle,  an  may  be  aeea 
from  Fig.  im.'i.  Tliis  repr^^Konts,  B^'cnniin^  to  llultkranz,  the  height  of 
Swwl^'ii  ais  'leterniined  by  measuremeats  of  232.367  iiiilitary  recruits  made 
l»elweL'ii  1887  and   1M!M, 

I  We  hST*  no  menmrements  i«iniilar  to  these  for  women  but  from  obserrn- 

tion-'  which  havp  Wen  rninle.  w  uiiiy  my  that,  on  the  aTerage.  a  grown  woman 
i»  about  12  cm.  shorter  than  a  grown  man. 
Repebences. — Belter,  PrftcteAingH  of  the  Untied  StaUn  Naval  Inxtituit.  xxi. 
189C.— Mj/fn?r,  "  I)a»  Wjiflistum  dc*  Menwhpii."  Lt^ipxic.  im7.—Kstirr,  "  Ph.v»i- 

Iologieder  iliinnlicheu  Gesclileehtafunktionen,"  in  the  "  Ilandbueh  dvr  I'roli^ie," 
Wien,  III*©. — Kfij>  Verhandlungen  dfs  X.  internationaleti  meditinisfhen  A*o«- 
ptvjtsea,  vol.  i.  Berlin.  18II0. — W.  Kngfl.  "Pie  Wt'ihlifhcii  (Ipschlt-cbiiifirgano," 
in  r.  BardfUbfn'a  Uandhttch  der  Anatomie  des  Mrnschfn,  vii.  i.  I.  Xena.  iHttO. 
—  W.  T.  Porhr.  Trnuxnrtuins,  Afodrm)/  of  Seienrr.  St.  Lnuiii.  ISWt-lKm, — 
ViVrorr/(.  "Die  I'h,iiti('l£iEie  dt-s  KiiidfsalttTw,"  in  "  ticrhnnhV  liaiidbiicb  ili-r 
Kindrrkmnkhritcn,"  i.  Tiibincen.  ltS81. — K.  B.  Wihon,  "The  CVH  iu  ikn-elop- 
mt-nt  and  luherituju'L-."  second  edition.  New  York,  11HK>. 
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Albuinicoiis  glands,  261. 
Albumoid,  78. 
Albumoses,  74,  249. 

food  value  of,  108. 

influence  of,  on  coagulation,  159. 

poisonous  effects  of,  250- 

primaiy  and  secondary,  formed  in  digeation, 
249. 
Alcohol,  food  value  of,  110. 

formed  in  body,  376. 
Alcoholic  fermentation,  28,  40,  80. 
Alcoholism,  30. 
Aldehyde,  glycerin,  373. 
Alexia,  or  word  blindness,  663,  669. 
AlgiG  at  high  temperature,  29. 
Alimentary  canal,  digestion  in  difl'erent  divi- 
taoaa  of,  290. 

movements  of,  278. 
Alimentary  glycosuria,  127,  363,  374. 
Alkali  albuminates,  74. 
Alkaline  taste,  484. 
"All  or  none"  law,  183. 
Allantoln,  373,  382. 

Alloxuric  bases,  76;  see  also  Pvrin  bases. 
Alveoli,  exchange  of  gases  in,  341). 

partial  pressure  of  gases  in,  341. 
Amacrine  cells,  515,  Fig.  211. 
Ambtystoma,  59,  60. 

Amino  acids,  part  played  by,  in  uynthesia  of 
proteid,  23. 

as  products  of  digestion,  249,  255. 

as  a  source  of  urea,  370. 
Amino-acetic  acid,  70. 
Amino-butyric  acid,  70,  72. 
Amino-caproic  acid,  70. 
Am ino-cthyl-sul phonic  acid,  253. 
Amino-propionic  acid,  70. 
Amino-pyro-tartaric  acid,  70. 
Amino-succinic  aci<l,  70,  110. 
Amino- valerianic  acid,  711,  72,  249. 
Ammonia,  formation  of,  in  IhkIv,  370. 

in  expired  air,  345. 

in  urine,  372,  382. 
Ammonium  carbamate,  370- 
Anunoiiium  carbonate,  371). 
Ammonium  isocyanate,  381. 
Ammonium  lactate,  371. 
Amnestic  aphasia,  Iiri2. 
Amabii,  ingestion  of  food  by,  36. 

movemcnl-i  of,  42. 

under  low  temperature,  29. 

proiiipla.-'mic  current,-*  in,  43,  Fif;.  26. 

surccs-sive  plis.ses  in  lite  of,  36,  Fig.  21. 
A»i<rba  pdli/pHidi'i,  3ri,  Fig.  20. 
Aniphiboli>u.>i  biliary  fistula,  243. 
Aniphiiiju!',  fuiictiiiiis  of  "  brain  of,"  618. 
Ampulla  of  s<>niicirculHr  canal,  474. 
AmuMia,  6(i5. 
Amylolytic  cniymc,  243. 


Amylolytic  enzyme,  in  the  bile,  254. 

in  the  pancreatic  juice,  251. 

in  the  saliva,  246. 
Antemia,  effect  of,  on  fatigue,  445. 

of  brain  in  sleep,  677. 

on  power  of  localisation,  464- 
Anaerobic  bacteria,  28. 
Anaathesia,  360,  597. 

Anagyrin,  producing  vasoconstrictioD,  563. 
Analysis  of  sound,  403. 
Anatomy,  comparative,  2. 
Anelectrotonus,  425,  Fig.  162. 
Angle  s,  525. 
Angle  of  incidence,  509,  Fig.  206. 

of  refraction,  509,  Fig,  206. 

visual,  518. 
Angular  convolution,  639,  Fig.  289. 
Animal  diet,  145. 
Animal  guni,  82. 
Animal  heat,  relation  of  muscular  actiWty  to, 

116;  see  also  Heat  prodttetion. 
Anisotonic  solutions,  32. 
Anode,  reduction  of  excitability  by,  425. 

stimulating  effect  of,  59,  424. 
Answering  organ,  defined,  411. 
Antagonistic  muscles,  inhibition  of,  by  stimu- 
lation of  cortex,  636,  640. 
Antennularia  anltTiina,  64,  Fig.  37. 
Ant«rior  columns  of  spinal  cord,  562,  Fig.  254. 
Anterior  horn  of  spinal  cord,  563, 
Anterior  roots  of  spinal  cord,  563,  566,  593. 
Antero-lateral  columns    of    spinal    cord,    595. 
Anthrax  bacillus,  ingestion  of,  37,  Fig.  22. 
Anthrax  spores,  survival  of.  at  low  tampers- 

ture,  29. 
Antiboflies,  156. 
Antienzymes  in  blood,  1.55. 

in  orgatk,-*,  2R9, 
Antilytic  effect  in  blo<)d,    J,^. 
Antiperistalsis,  289,  Fig.  117, 
A nti precipitating  effect  in  blood,  1.57. 
Antiseptic  methotls,  5. 
Antitoxin  in  blooil,  1.16. 
.\ntrum  pylori,  283, 

Anus,  innervation  of  sphinctera  of,  SIH*. 
.\nvil  of  ear,  495,  Fig.  197;  496,  Fig.  JOS. 
Aorta.  162. 

blood  pressure  curve  in,   170,   Fig.   37;   171. 
I'ip.  58. 

cubic  enlargement  of.  201. 
Apex  l)eftt,  172  fc<]. 

curve  of,  in  horse,  173,  Fig.  fid, 

Kchema  illustrating  Luilwig's  llit-orv  of,  \72, 
Fig.  ,59. 

time  relations  of,  in  man,  17."i,  Fig,  62. 
Aphasia,  663, 

alexia  {word  blindness),  633,  669. 

amnestic,  662. 

motor,  663. 
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IlltMut,  1 M-                                                                ^^^^H 

rliniiunif,  432,  Fig.  1W). 

in                                                                             ^^^^H 

Ii-iirtii<ii  ri'c^intrr.  414.   Fi;;,  1.^3. 

^^^H 

Wuffnrr  hnnimrr.  421,  Fig.  150. 

iirinr,  3K4,                                                                ^^^^H 

MvtvlwliiMn: 

AKiHiragin,  firad  thIuv  of,  \W.                            ^^^^| 

t»ef  nuuJt,  8.t,  Fig-  30. 

Aapnrtir  lu-i'l,  7t),  73.  34D.  37a                                  ^^^| 

rtxpiniliuti    i-alijrirjiTtvr   uf    Atw«lrr   «ail 

ABpliy«ia,tion.  333.  .3BH.  .'iHIt.                                       ^^^H 

HMiwIirl,  »eln.-inu.  -SO,  Fifi.  4«. 

raabUtuw  nr  ilifrfK-nt  n<>r\'e  orlU  to,  373,            ^| 

i.f  SfitiiWii  nnit  Tigi-ral'-ill,  SS,   Fi^  42. 

Fig.  257.                                                                   ■ 

n(  Voit  juii!  IVttntikolIrr,  S7,  Fig.  41. 

Aapiratinn  of  ib-nrax,  310,  S11 ;  •«>  whto  Sv^           ^| 

it4-A[>intlion: 

li*iin  in  thofatie  oauittf.                                     ^^^^^m 

nir-r>uiDp  o(  ].ucI«riK,  334,  Fig.  130, 

e(Fo«C  of.  on  vmns,  333.                                       ^^^^^| 

illiiHt ruling (•V|>eriinviiL  Willi  rnbhll'n  lung*. 

AmiiiiiUtiun,  32,  SR.                                                       ^^^H 

311.  Fig-  12»). 

AflBiuiilativp  {>nioiwuH  indiicnd  1>y  KlimulKtlon,          ^H 

Iiiitg     mtliftor,      l.uiiwig'.t     rnnntruotiotk. 

^^^1 

341.  Fie-  133. 

AjM>cis,ti<in  cpdUtm  u(  FIdcIuuk,  IHIA  ihh|.              ^^^^| 

nrgiNU'ritig    viJutnc  uf  t^xpinvl    ulr,   313, 

nfitirrliir,  OIJS,                                                                 ^^^B 

Fig   122. 

i.i>u[MTitlion  fA.  witli  HciiBory  uvmi,  IJ7U-                  ^H 

^m     ifiironirliT,  320,  Fig.  128. 

niM:ti*ili(»  III.  n7fMS73.                                             ^^^H 

^^^Bprciul  •«tl»^w; 

miitdk-.  OnK.                                                          ^^^^1 

^*^bli«rk  «nil  white  tliix*.  .Vlfl,  Fig-  233- 

pra>tfM4or,  W,9.                                                             ^^^^H 

rii(4i|>tir  plH-iiiiiiiriin.  K\.  Fig.  211. 

sent  iiF  iirKKiitHil  invinury  in,  071.                       ^^^^^H 

nifarltiiiurb-r  ■>(  ICwiuirilc-iiiiikrr,  4N7,  Fig. 

AsMtctatiou  fibm,  a63,  aiM,  668.                          ^^^H 

193. 

A«Hx-inCivii  pMtliniiyx.  494.  OTUl                            ^^^^| 

rrHiimlitr  nt  }|i-lmbolt(,   403.   Fig-   lit.'S. 

Aatiuin.  OtT?.                                                                      ^^^H 

>iif»ii  of  Smr'tw'i.'l:,  4»n,  Fig.  IM- 

,4>rn'i>ii9,  .W                                                              ^^^^H 

iil(rrvuw»|i<?  •>(  [trftvnlvr,  &liH.   Fig.  251- 

A<1licni«.  IU17.                                                           ^^^H 

Apprtitr.  iii)|)orUnce  nf,  in  indices  turn,  2fl3. 

AntigniaUMn),  J132,  524.  Vi^.  219.                           ^^^H 

2114,  2flO. 

rvniYti^o  of,  225.                                                ^^^^| 

A)|arili)rt  of  Svl*iii»,  814. 

AtAXLa.                                                                       ^^^H 

tt 

1 
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Ataxia,  cerebellar,  611. 

Atmospheric  air,  334;  see  also  Air, 

Atonia,  607. 

Atrio- ventricular  valves,  165,  166,  Fig.  54. 

Atrophy,  448. 

Atropine,  formation  of  urine  and,  389, 

Becretion  of  saliva  and,  258. 
Auditory  area  of  cortex,  654,  Fig.  293. 
Auditory  meatus,  external,  494,  Fig.  196. 
Auditory  nerve,  681. 

excitation  of,  498  seq. 
Auditory  ossicles,  495. 
Auditory  sensations,  489. 
Auerbach's  plexus,  284,  Fig.  114;  288,  687. 
Augmentation  of  reflexes,  579. 
Avrelia,  osmotic  relations  in,  34. 
Auricle,  161;  see  also  Heart. 

in  cardiogram,  173,  Fig.  60. 

maximuni  pressure  in,  169. 

negative  pressure  in,  177. 

time  relations  in,  173,  Fig.  60. 
Autochthonous  fibers,  575. 
Autointoxication,  295. 
Autolytic  processes,  38. 
Automatic  exciUtion,  52,  356,  570,  680. 
Automatism  of  the  heart,  185,  186, 
Autonomic  nervous  system,  686. 
Auxotonic  contraction,  435,  436. 
A^'idity  of  two  acids  for  a  base,  338. 
Axis  cylinder  processes,  559. 
Axis  of  rotation  of  the  eye,  549;   550,  Fig. 

240. 
Axi.-),  visual  or  optical,  513,  Pig.  210;  625. 
Axon  reflex,  584,  Fig.  258. 
Axonii,  559. 
A zo bacteria,  24. 

Baciltum  voljttans,  55. 
Bacillun  lypkosuK,  156, 
Bacteria,  anaerobic,  28. 

(.lecomposition  of  proteids  by,  250. 

in  the  blood,  155,  156. 

in  the  intestine,  295,  297. 

in  the  respiratory  jiaflRagcs,  323. 

in  tlir  stomach,  247,  nole;  291. 

]ir(ii!uction  of  liRht  by,  45. 
Bitctcrium  phoiomptriciim,  HI,  Fig.  33. 
Baelcriiim  phoiphorotccm,  29. 
Ba'4ul  gan);lia  of  the  brain,  (i.?2. 
llasilar    membrane,  organ  of  Corti,  4M;  500, 

Fig.  199. 
Dathmotropic  effect  of  vagus,  189. 
[leats  in  musical  sound,  501. 
Becquerel  raj's,  58. 
Bells  doctrine,  566. 
Benioio  acid,  378. 
Benioyl'^ycocoII,  878,  383. 
Bilatcnl    movements    from     stimulation    of 

Ma 


Bile,  253. 

absorption  of.  from  intestine,  273. 

antiseptic  properties  of,  298. 

circulation  of,  273. 

composition  of,  254. 

digestion  after  exclusion  of,  296. 

discharge  of,  into  intestine,  275,  Fig.  11(1. 

ensymes  in,  254. 

excretory  products  in,  254. 

influence  of,  on  amylolytic  digestion,  251. 

influence  of,  on  tryptic  digestion,  294. 

reabsorption  of,  from  lymphatics,  275. 

secretion  of,  272. 

dependence  of,  on  blood  supply,  273. 
specific  excitants  of,  275. 

solubility  of  fatty  acids  in,  254,  296. 
Bile  acids,  253.  384. 
Bile  pigments,  253. 

in  urine,  384. 
Bile  salts,  253,  254. 
Biliary  ducU,  275. 
Biliary  fistula,  243.  298. 
Biliprosin,  253. 
Bilirubin,  253. 
Biliverdin,  253. 
Bihverdinic  acid,  254. 

Binocular  field  of  vision,  551 ;  t>52,  Fig.  242. 
Birds,  extirpation  of  cerebrum  in,  622. 

extirpation  of  liver  in,  371. 
Birth.  697. 
Bitter  taste,  484. 
Biuret  reaction,  73. 
Bladder,  gall,  275. 

urinary,  391. 
Blind  spot,  516. 
Blood.  147. 

amount  of,  in  body.  148. 

amount  of,  supplied  to  different  organ*,  2V 

antitoxin.-!  in,  156. 

bacteriocidal  action  of,  I5G. 

coapulftliiin  of,  147,  l.'W,  157. 

consliliienis  of,  147. 

con!<titution  of,  variable  according  to  orgao 
157.' 

corpuscles  ot,  red,  148.  ISO. 
white,  l.'Vi. 

cytolytic  action,  156. 

distribution  of.  in  body.  239. 

effect  of  condition  of,  on  respiratory  center, 
331. 

eniymcs  in.  155, 

gases  in.  335, 

general  survey  of  movements  of,  161. 

menstrual,  696. 

precipitins  in.  156. 

quantitative  composition  of,  154. 

quantity  of,  supplied  to  different  orf^on.'',  340. 

reaction  of.  147. 

in  urine,  384. 
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Bl'ood,  viKoaity  of,  2J2. 

Itlooil  prnDDin*  in  muavulor  wnric,  449.                   ^^^^^| 

Hloml  mrpuocln,  r«l.  US.  ISO. 

in  pulmonnry  vcawla,  228.  229.                          ^^^^H 

cliittiicitl  coiiipfwititin  nf,  ISO,  ISl 

wins,  223.                                                         ^^^^^1 

ili-rsinieiion  of.  lAU,  3ti8. 

niaxtuiuui  syHtulic.  204.                                       ^^^^^H 

dr>-  (ubatkHW  Ln,  1-U*. 

minitnum  duwttJir,  204.                                      ^^^^^| 

fonimtion  of,  150. 

rrflrx         in,  237,  I'lg.  BK.                                   ^^^^| 

«kMM  in.  33fi,  338. 

reflex  rind  in.  23A,  Tik.  97.                                  ^^^^| 

lur [ijii^luhin  ciinlfrnt  in.  1A2. 

KSulatitm  Af,  194.  319.                                          ^^^H 

iitni-ctnciiu  o(,  in  cftpUlkriM.  221. 

nvitlMiioti    of     nvpirntory    vMriatkiiu    iSt  ^^^H 

niiciri  of,  17. 

330.                                                                   ^^^M 

iiiiiiitH-r  iif,  149. 

rMpinitory  vBrialioiM  in.  229.                            ^^^^H 

pprct'iili^cc  of,  in  whnir  htood,  149. 

Bliiad  i*rum,  I.Vl,  136.                                                     ^^M 

|M!mii.'ability  of,  33. 

moc'iitinnlion  of  BmiUua  lypbtMia  tqr,  |M,      ^^^^^ 

•[ipcitir  jjnivity  of,  t4ft. 

Hlond  uipply  la  brain,  070.                                        ^^^^^| 

■trmun  n(,  l&O. 

to  ilifTcnrEit  orgMM,  24CK                                           ^^^^^| 

lilood  corpuMlc*.  whlu,  153;  we  rIm>  trwM- 

to  bi!&rt,  ISO.                                                          ^^^H 

ei;(f». 

Itlnoil  rulinni?,  influenon  of,  on  blood  pnHW^^^^^^H 

BIowl  rry.ul<,  l-Vl.  Ki^.  46:  1A3,  Kig.  «. 

^^^H 

UIihhI  flow  in  urlcriiA,  21)0,  21& 

IVnlily  ini.iv«ni«Dt«,  «»«  Mutcular  work.                 ^^^^^H 

in  cftpiUnrini,  21(1. 

iDlliirn«>  of,  on  btMtal  prcfMurv,  449.                 ^^^^^H 

in  mn*.  2:9. 

oil  iJivtaboliMii,  lOS,  tlO,  123.                       ^^^^| 

muscular  work  and,  440. 

on  puW  rab^,  197-                                            ^^^^^| 

Uiroiigli  roruiwry  vmtrln.  ISO. 

on  rmpimtion.  318.                                          ^^^^^| 

K          thntitgli  hi'Ut,  IttS. 

on  slora^  of  pn)tf4c),  n3,                                       ^^H 

H^         vclucily  of,  in  vcvncs,  200. 

Bo<ly,  buiunu,  dictoical  eunxlttUMito  nf,  08.       ^^^^| 

^M                  in  dinxtolp  anil  njiitulp.  310L 

ilbtriLiittion  nf  blood  in,  290.                              ^^^^^H 

^B                   varialiui>»  itf.  in  trnui,  212. 

KTowtb        706.                                                       ^^^^^1 

^B            ill  Fftpillan<^,  22t. 

influBnco  of  sttinidc  of,  on  blood  flnw,  32(1,  ^^^H 

^P            in  vuiu?s  221. 

327,                                                                    ^^M 

Blood  ^aw*,  333. 

hriglit  of  itdult,  711.                                                  ^^^^M 

(iiatribution     nf,    btrtwrcn    f>orpii»cl<9(    uul 

wviKhl  of,  9fl,  711.                                                ^^^^H 

plaAiiiA,  340. 

temperature  of,  388^  Me  aI«o  Twmpmitun  a/  ^^^H 

uii'tb'xfii  a!  ilt-«<rmuiUVR,  330|  341. 

fcK*y.                                                                 ^^H 

^         i)tinitlily  uf,  330. 
f         toniQcvn  of.  341. 

Bone*.  dvatru«-lion  of,  in  ■liir%-BlMn.  08.            ^^^^H 

conduction  of  rniinil  tlinmuli,  4(U,                   ^^^^^H 

BlumlliMlinic,  2116. 

Bony  fish,  cxtirp*tJo»  of  cctvbrum  In,  B19.       ^^^H 

BI<xm]   |UKmciit».    ISO,   152:  voo  bImi  Ham*- 

Boylioud,  a««  of,  706.                                                ^^^^^ 

t/t'ihin . 

llijy*.  RTom-Iti  uf,  708,  7O0,  Kv-  304.                       ^^^^| 

ill  uriiir.  ;ui4. 

niUn{i«-r  Tr<|iiirrm'rnlK  for.  144.                            ^^^^^H 

ItltyKl  i>lft«inA,  154. 

Itowmwi's  carnitlf.  38A,  Pig   144:  380.                ^^^H 

BI'Hk)  plulrlt'lH.  153. 

Bmin,  as  ormui  of  tht>  tniiwl.  It2»,  670.                ^^^^H 

K      Bluwt  pn-Mxiirr.  202. 

bluml  supply  Ui,  t)70.                                                 ^^^^^1 

H         ciini[u>nttivi>.   lu   ttrtcrira  of  diflcrenl  mmm. 

diviiioiw  of.  AOO,  Ffg.  307.                                  ^^^^^| 

H                 2(ia 

ftttigiw  Hid  Mroovrry  in,  0T6,  677.                             ^^| 

■         ciirrMor,».  FiK.4:2()5.Fig.77:2nfl,Fic.7S: 

influimee  of  »nt«nor  {mtU  of,  on  n«|iirMaoi)f  ^^^^H 

■                307.  r>{t.  79. 

^^^H 

^1            ill  Mt   vrntriclo  ami  aonA,  171.  FSg.  SS. 

Uraiii  (ff  Amphioxuw,  CIS.                                        ^^^^^| 

H            iiitrw«r<likl.  Ifie,  F»i;.  M. 

of  Ik'Iiv  full  (Siptaliu*  etpiatua),  018.  Ftg.  ^^^^| 

^m                cun)pai¥<l  with  njii-x  b«M,  173,  Flf.  60. 

^M 

^r         offrTi  <if  lulmialtn  uti.  .14^1. 

of  dog.  «24.   Fie-   280:  020,  Pig-  2»l  ■  03%           ^M 

f           vDi-cl  uf,  on  litrart.  171 

Fig.  2SZ.                                                                    ^M 

fitret  (it  vngua  alimiilation  on,  205,  Ptg.  77: 

of  dog  abftrk  (.SrjfUtMM  tanieuUi},  019,  Fl|,           ^^M 

2IW,  >V  78:  207.  FiB.  70. 

275.                                                                            ^1 

heturs  (Mormininn,  204,  205,  208. 

of  liurd  (Hatitria  ptinttala),  021.  Fig.  377.           ^M 

f«ll  in.  206,  Pig,  7S. 

of  piBcon,  022,  Fig.  278-                                               ^| 

hraii  frniuimry  fcnil.  205, 

of  rabbit,  023.  hlg-  279.                                                 ^M 

Lcigllt  (if,  204. 

fmn<ifHem  cX  inttrpming  multa  in  study  of,  ^^^^| 

in  ortcTir-.  204,  308. 

^^^H 

m  i-mpiUkhiw,  219,  TZt.  I'ix-  01. 

teiiipcrituie  of.  078.                                             ^^^^^| 
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Brain-stem,  functions  of,  aa  a  whole,  618  oeq, 

methods  of  study  of,  599. 

physiology  of,  599, 
Breath  volume,  319. 
HrightnesH,  highest  in  spectrum,  541. 
Broca's  area,  631,  662,  Fig.  296. 
Brocft's  convolution,  664. 
Bronchial  muttcle^,  324. 
Bronchial  sound,  322. 
BrunniT,  glands  of,  255. 
Burdacli's  column,  591,  Fig.  264;  592. 
Butter,  701. 
Butyric  acid,  701. 

C:N  ratio  in  feces,  90. 

in  proteid,  92. 

in  urine,  90. 
Cadaverin,  249. 
Ciecum.  289,  298. 

Calcarine  fissure,  639,  Fig.  290;  657. 
Calcium,  ahnorption  and  excretion  of,  133. 

effect  of,  on  lieart,  25. 

in  coagulation,  158. 

on  muHcular  movements  of  tarvffi,  25. 
on  skeletal  miLscles,  25. 
on  smooth  muscles,  2.5. 

hunger,  98. 

importance  of,  in  plant,  24. 

in  milk  of  cow,  351 ;  see  also  Milk,  compon- 
tinn  af. 

rennin  and,  250. 

salts  of,  certain  ones  favorable  for  higher 
animals,  poisonous  for  unicellular,  26. 
Calcium  chloride,  25, 
Cidcium  cixalate  forme<l  in  cells,  41. 
Cidorie,  definition  of,  26,  note, 
CalorimMry,  ciirect  and  indirect,  94. 
Cune  sugar,  81,  120,  127,  251,  255. 
Capillarie,",  blood  flow  in,  219. 

blood  pressure  in,  221. 

conlraclility  of,  22(1,  Fig,  89, 

lympli  formation  from,  350  seq. 

nervPi*  for,  221. 

utiniulaled  and  nol  stimulated,  220,  Fig.  90. 

structure  of,  220. 

velocity  of  blood  flow  in,  221. 
Cii|iillary  eleclrfmieter,  13,  Fig.  12. 
C;ipr()ic  iieid,  7(11 . 
Ca]>svile,  int^rniil,  647,  l-'ig.  292, 
Cnrbaniic  acid,   l,'),^,  370. 
Carbiiriiidc,  .181  ;  «<■<'  a)s'   I'rr/j. 
Ciirbohyilrate  grniip  in  n^iclcie  acid.  77, 
(';irboliydratc  j;r(]up>  in  proteid  molecule,  71. 
('!irli()liyilriites,  ;dt-ioriilioii  of,  303. 

chciiiical  nature  nf,  ,S0, 

ilecomjMis'ilioii  of,  374. 

ileterniinatiiiii  nf,  in  fond,  S4. 

cl'Lteslion  of,  in  -iiiniiich,  2111. 

fiirniLition  of  ulyiogcn  from,  374,  375. 


Oarbohydratee  formed  from  proteid,  127,  373. 
in  blood,  1.55,  374. 
in  intestines,  297. 
influence  of,  on  metabolism,  105. 
influence    of    pancreas    on    mptaholism    of. 

364. 
metabolism,  total,  according  to  supply  of, 

106. 
metabolised  before  fats,  105. 
metabolized  in  muscular  work,  113. 
quantity  of,  in  diet,  142. 
relation  of,  to  proteid  retention,  121. 
specific  need  of  body  for,  128. 
storage  of,  in  body,  124,  364. 
utilization  of,  139. 
Carbolic  acid,  effect  of,  on  nervous  system,  S7i. 
Carbon,  channels  of  excretion  of,  89,  90,  343, 
397, 
in  e\pire<l  air,  89. 
in  faeces,  90, 
in  urine,  89. 
Carbon    dioxide,    absorption    of,    bv    h«pmi>- 
globin,  339,  Fig.  132. 
coefficient  of  absorption  of,  338. 
,    determirmtion  of,  in  metabolism,  So  se<j. 
diunial   variations  of,   344,    Fig.    13,5:  345, 

Fig,  136. 
effect  of,  on  respiratory  center,  332. 
elimination  of,  by  young,  118.  143. 
daily,  per  hour,  346. 
through  skin,  397. 
formation  of,  in  nerve,  434. 
in  atmospheric  air,  342. 
in  blood,  337. 

combination  of,  337. 

distribution   of,    between    .orpuscles  and 

plasma,  340. 
inftuenee  of,  on  alxorption  of  osvgen.  337. 
percentages    of,     in   arterial    anil    venous, 

33R. 
ten<iion  of,  in  blood  and  lungs,  341. 
inerca.-ii'd  output  of,  in  fatigue,  446. 
in  expired  air,  89,  342,  343. 
in  lymph,  348. 

jiroduclion  of,  by  animals  and  planto,  27. 
reduction  of,  by  chlorophyll,  23. 
tension  of,  in  tissues,  342. 
Careitnii'   (green   crab),  amioUc  |ihimh  li^ 
34. 
nnurofibrils  in,  fwil, 
Tpfle.t  movements  i>f,  .WS. 
Cuniiii  tjl  stomach,  2S2. 

mi.L'rvalion  of,  1284,  Fig.  114. 
opt.'ning  of,  in  ilrghiiLtiwi,  382. 
Cardittc    iiihibltw^^    canfaff. 
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Conliiul  pointfl  of  oye.  313:  £i:t.  Fig.  '21U. 

ODtcn,  M-c  the  various  aric&cu  had  ucfv^it.      ^^^^M 

Otri|ir«run.  173,  Fii[.  60;  175.  Fin.  63. 

Cfiuml  coitvolutioiM.  634.  C37,  639,  FIr.  280.    j^^H 

t'arili""Knipli,  174. 

int)Kirliui»!  i>f,  Fur  vvgi>(*tive  fuaotiuii',  64ft|*^^^^| 

CnnlioKmiiliii- uuitiil,  ]0S.  Pig.  A8. 

^M 

Carnifcrnii,  3117,  y\g.  IIU. 

mulur  conical  arvns  in.  A34I,  fi38.                           ^M 

CsriiiD.  'J  13. 

■oooory  ciirucal  ar«flB  in.  <U2.                                     ^M 

Corntnin,  <13. 

Ontnl  iivrv'iu*  aystmt,  «cv   variua    (farlv  uf         ^| 

C!itwiii,  i-iiBKulnlLiiii  of,  in  ■t4)nuirlt,  2fi(l. 

Dtm-tiii.''  Kvntvin.                                                     ^1 

iliCi-Mliriii  ol.  ihr..  2U1. 

rcrmlH  nn  fnod.  130.                                                 .^^^^t 

rumiAiion  tjf,  7<}5. 

Cvrcbi-llar  |>»ijiiiiclvi<,  993,  612.                            ^^^H 

of  womiiri'i  luiil  <if  lvw's  milk,  701. 

CetvbotUr  IrKCtM  tn  titp  Donl,  dB3,  dSS.                ^^^^| 

pcrvftiluK'^  i'niii|i[Hil»i(i  (if,  R2. 

scctmii                                                                              ^^^^1 

trytiain  uiirl.  252. 

On-brilum,  <U1».  lUkV                                             ^^^H 

Ca.Mniii>iit,  3A?,  3M,  -titi,  iiotr,  0I>2. 

afrcri'iit  imcu  lu,  in  coni,  803,  Sll.               ^^^^| 

t!*lrlrs-lri>t(>nii«,  424,  Mr.  lAl. 

•n.ilia'iiil  Ntimiilniii.in  of.  60,1.                                ^^^^^H 

CkthfUf.  Itini;.  of  Lu<tu.i)|;.  341.  Fix   133 

tlilnlvml  liiuvemcliM  (niiii,  544).                                    ^H 

Cathoilr,  inciviui!  of  f.xcltubilily  by,  i2& 

i^:>mt}cn.-mtl(>n  fur  clTf^tii  <iE  ivmnval  of,  613.         ^M 

raMBlAiict'  Ui  iiupulKir  ctiMn«l  by,  420. 

eomwcMaoH  nl,  005.  fllO.  Fix.  271.                            ^M 

KtttniUntintc  ^fr<»rl  of,  Sft,  424. 

riiatrihiitor  of  i^rcbnil  impubM,  tI41.                        ^| 

OH,  animitl,  like  yuuiiK  |itiinl  frU.  21. 

cflpctn  u(  (»ini|>1cl«  fxCirpaliua  of,  is  Vkrious          ^H 

oa  clem^niary  urguniaiu.  1.  Ifi. 

ir>wi.T  aiilinala,  (Wt  atn.                              ^^^^H 

animilntiuti  »f.  inctiin.Hl,  fi2. 

in  doc.  ("M.  t'lr  27(1;  607.                            ^^^| 

■utamotir  ■•xcitatiuii  of,  32. 

(unilmrnili,  012.                                             ^^^H 

chrinieal  sl.irDuUliuiii  of,  03. 

«'xnm|ilr'  uf  rvfEulntin);  inniirncp  of,  611.                 ^H 

Coiulu>rtivily  in.  63. 

fi«ld  of  rhii-l  influ^nr«  of,  fitn.                         ^^^H 

MMWUmptiun  uF  uxvio^n  l>y,  "37. 

foreeil  uiuv«iui*utB  froiD,  913.                            ^^^^H 

eoateDtii,  kind*  »(.  21,  FiR.  16;  23. 

Ufliinnii  nf,  in  man,  Bt)7.                                           ^^1 

■norphAlngy  of,  2(1.  21. 

Trlfttiori  nf.  Ui  lahyriivth  •>(  rmr,  till. 

deprodonrf^  of,  upon  irmpfnituro,  28. 

nl&xation    of    nnuutoni^tio    muadn    froUt 

(liRMtiun  in,  34. 

l»A,  fl4<X 

cfffct  uf  <.-JCI«rii*l  iufliii-iir-p*  on.  SO. 

OBrvbinl  curtox,  electrical  •ti[n^ll«tlon  of.  001, 

cffncls  ci[  ultra  vinlrl  ray»  nn,  A7. 

031.  D.ri,  G33. 

of  X-ra.vit  on,  fi8, 

hiaiulof^rnl  dtriipl  tiir  of,  6!l4,  Fic-  284. 

of  B«ci|«ercl  n^y*  on,  48. 

icfluvDCD  uf ,  on  vcKei*TiwrunotionB,AtK>,  649. 

elpcthi^Bl  ■timulntiuii  itt,  .Sn. 

nH«)iuiiicnl  Kliini  lint  ion  uf,  033. 

diiniiuiiion  of  ilvcumpoaiUnn  pnMlueU  by. 

luolnr  Bii-a>  in,  (132. 

4i>. 

pmnf^  thai  uLltniilalion  nf,  i*  poMiblr,  633. 

rorm  wid  mte  of,  la. 

•rnwori-  »iTHf  in,  OWi. 

formalloD  of  best  iti,  40, 

(Vr»>hral  fuiirtiunit,  ntontl  aiKninranoo  of,  672,^^ 

gpnrnittnn  uf  i-Wtncity  by,  46. 

Crrrbral  lii-Tiiit>i>lirrTfi.  i-uupa-raliiin  uf,  641.        ^^^^| 

^^^^  titration  (i(  food  by,  3(1. 

Orebnl   Inrali  lint  ion.   tn   brain   of  apea;  631)^^^^| 

^^^HOmhuiiA]  EtitnuEutiou  of,  5Q. 

(Wt,  Vig.  2K8.                                              ^^H 

^^^ftotmbrene, 

in  brain  of  iiinn,  (139.                                          ^^^^H 

^^Knaatillly  of.  -a. 

in  brain   of  monkey,   63.'!,    Figs.    SSO.    280;          ^M 

^^RHnuMb  in. 

636.  637,  Fii{.  2H7.                                        ^^B 

^^^BoRnatir  prcMurc  in.  31. 

phrautocy  oompareO  villi,  631.                   ^^^H 

^^^^BcactdBliv*  proPB— 1  nf,  30. 

Ot«bmid««,  70.                                                      ^^^^| 

V         ptoatmm,    prulaptsainie    of,    42;    an    abo 

(Vrebnp4|MitB]  fluid.  67H.                                       ^^^^H 

H                       i*MHA»pmllM. 

Oerabrun).  mmmiMuns  of,  A41.                        ^^^^H 

H          priHliiriiiin  u(  li|di<-  by,  45. 

ooinp«nMiiinc  of  h>""  of  aoiniarvalar  canals       ^| 

^^^    Ml'  '>t.  IM,  Fir.  IB. 

by,  478.                                                                   H 

^^ft  - 

d^nttiiin  nf,  n<)l.                                                         ^H 

^^^H  •                  :>  tif,  by  iiii'MiMDf  l)cni,  68 

vRkU  u(  mu4>ral  uf,  rroiu  binla.  623,  62$.    ^^^^ 

^r               by  mrnif  irf  liebl.  M. 

Itwn  biioy  fbh,  619.                                        ^^^^| 
tnim  d«|;  (Ooht'i'),  62.1.                                 ^^^H 
from  ilog  aliark.  6ig,  630.                                     ^M 

^^^^^^^^^ 

from  (rac  620.                                            ^^^^^ 

^^^^^^^^^K 

frum  liianl.  621.                                             ^^^^H 

1       ^ 

Iron  rabbit,  624.                                                  ^^^H 
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Cerebrum,  effects  of  removal  of,  from  turtle, 
621. 

myelogenetio  areas  of  Flechaig  of,  667. 

physiology  of,  629. 

peycho-physical  functions  of,  658. 

summary  of  effects  of  removal  of,  627. 

vegetative  functions  of,  649. 

wanting  in  human  monster,  627. 
Cervical  sympathetic,  see  Sfpnpathetie  nervea. 
aa  pupilo'dilator  nerve,  528. 
as  secretory  neire,  258. 
as  vasodilator  nerve,  235. 
Chemotaxb,  53,  54,  Fig.  31 ;  697. 
Chemotropic  influence,  689. 
Chest  tones,  505. 
Cheyne-Stokes  respiration,  333. 
Chief  cells  of  gastric  glands,  266. 
Child,  growth  of,  707. 

heat  regulation  in,  409i< 

weight  of,  at  birth,  706,  707. 
Childhood,  period  of,  706. 
Children,  metabolism  In,  118,  119. 

nutrition  of,  143,  144. 
Chlorophyll,  21,  22. 

function  of,  23. 

movements  of,  in  Letniia,  42,  Fig.  25. 
Cholagogic  sub.-stances,  273. 
Cholera  spirilla,  survival  of,  at  low  tempera- 
tures, 29. 
Cholesterin,  80,  254. 

percentage  composition  of,  82, 
Choleic  aci<l,  253. 
Cholic  acid,  263. ' 
Cholin,  254. 

Chonilroitin-siilpluiric  acid,  77. 
Cliondro-mupoid,  82. 
Chondro-protpids,  77. 
Chorda  tynipiini  as  secretorj*  nerve,  257. 

as  vasfxliliitor  nerve,  235. 
Chordii-  tcndin;p.  166. 
Choroid  rout.  627. 

Chromatic  aberration,  526,  Fig.  221. 
ChromMiii,  I>1)5. 
Chromophyll.  24. 
Clironi)sco|>e.  ("•73. 

Chronotrc)pic-   effect   i>f  vagus  excitation,   189, 
Cilia.  43.  4-t. 

mechitnism  of  action  of.  44. 
Ciliary  [uiivriiii'nl*.  efrccls  of  satt.s  on,  25. 
Ciliary  iiiu-.rl('.  .t:12.  Fig.  227. 
CilLiittil  opiihrliuni  of  air  pa-ssages,  323. 

of  oviiiiir-i .  r.'llV 
('LrcilliUiiii;  jirulciiK    i;t4. 
('ircul;ili<iti.  '•■<■  I'.I.~hI. 

c-oiir^i-  ..I'.   tC.l.    lli-.^.  I'ic  .-,(). 

('fTi'ft  iif  sMi'iiMii  .if  iliiiniv  on,  ITG. 

Kri':it<>r  i>r  -\  ^ii-iiiii-,   UVl. 

inniletirc  i.f  :i.|r.Ti;il   l«i.hr«  iin.  3r>.'). 

inlUu-ii.i-  of  cliiiitiirv-  l».ily  im.  3fi7, 


C^rcuUtioa,  leaser  or  pulmonary,  227. 

mechanics  of,  200,  Fig.  74. 

significance  of,  for  beat  regulation,  407. 
CHrculatioa  of  organic  elements  in  nature,  67. 
Circulation  of  protoplasm  in  plant  cells,  42. 
CSrculatory  system,  function  of,  30. 
Chyle,  304,  305. 

Chyle  vessels,  innervation  of,  349. 
Chyme,  285,  291. 
Chymosin.  250. 

Clarke's  column,  562,  Fig.  254;  S63. 
Cleavage,  hydrolytic,  70,  297. 
Climacteric,  358,  696,  697. 
Closing  contraction,  420,  423. 
Clostridium  PaaUurianum,  23. 
Clothing,  natural  and  artificial,  use  of,  405,  406. 
Clotting,  see  Coagulation  of  blood. 
Coagulation  of  blood,  154,  157. 

importance  of,  159. 

why  not  in  blood  vesselsT  159. 
Coagulation  of  milk,  250. 

of  proteid,  75. 

of  protoplasm,  29. 
Cocaine,  effect  of,  on  sense  of  taste,  48& 

on  membranous  labyrinth,  476. 
Cochlea,  473. 

Cochlear  nerve,  course  of,  653,  655. 
Cock,  castration  of,  357,  367,  note. 
Cold-blooded  animals,  46,  442. 

reaction  of,  to  external  temperature,  114. 
Cold,  influence  of,  on  metabolism  of  warm- 
blooded animab,  114,  115,  401. 

of  simple  organisms,  29. 

sensations  of,  458. 
Cold  nerves,  408. 

end-organ.s  of,  468. 
Cold  sense.  45ft;  460,  Fig.  183. 
Cold  spots  or  points  on  skin,  458,  459,  Fig.  182; 

461. 
Collagen,  78. 

perreiitage  composition  of,  82. 
CoUaleral  fibers  in  spinal  cord.  5G3;  Fig.  255; 

592. 
Collateral  fcanglia.  687. 
Color,  theories  of,  .M4,  546. 

induction,  succesai\'c,  542,  F~ig.  236. 

mixture,  542. 

reactions  of  proteid,  72. 

sensations,  -Ml. 

system,  ili chromatic,  546. 
trichromatic,  545. 

tone,  541.  .>43. 
Color  blinclneM.''.  ■546,  547. 
Color-i,  roni])lemenlary,  .>43. 
Colostrum,  704. 

Column  cells  in  spinal  cord.  563.  Fig.  25.'i. 
Column.-!  of  the  spinal  cord.  562.  Kin,  2.54;  .Wli. 
Fig.  261;  5fll,  Fig.  264;  592,  Fig.  265; 
.'«I3. 
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I    Combioation  tones,  fiOl. 

Centraorinn,  simple,  of  saioottk  mi)«>~le,  448.                ^M 

1     Conibuftion,  20,  37. 

nnip1r>  projcvtilp.  4^,  Fig.  173.                                  ^| 

W         ta  Bouroo  ol  ftuinwl  IiMit,  402. 

eiuuiiinloii,    ot   ercMM-strialcd    mttscli>,    418^           ^M 

~           lu;*t  o(.  »2. 

42R.                                                                           H 

of  foodflufTs,  02. 

of  nntiMitb  ihumIcv  448.                                          ^^^^H 

uf  tifetm,  03. 

tetanic,  V£U.  Fig.  IRO;  4:iO,  Fig-  107.                ^^^H 

nC  uriiit^,  03. 

\-cniinii,  437.  Fig.  I7.'>.                                        ^^^^| 

Conuniuum    bptw-n«ii    otmbral    hMi^pheraa, 

%'uIuntMry,  43*).                                                     ^^^^H 

<>4 1 ;  wv  ftlMi  Coi^ui  mUoaum. 

tonic,  of  viuminr  wiill,  23S.                                    ^^^^| 

Corapemation  in  aia.xia.  MZ. 

of  nmoolli  iniiMcli',  44S.                                         ^^^^H 

mfur  nxtiriiatiuii  uC  liiliyrinths,  47S> 

Co&tnclioiu,  tlbriUjv>-,  nf  hemn,  181.                  ^^^H 

uf  t4>r  ImoEn  in  rcn-bt-lliini,  (!12- 

Cuulrsviiire  oftvr  il««lruclion  of  motor  eovtc^          ^^| 

CotnpcDwtoni-  jinuBr,  IKl,  Fig.  06. 

040.                                                                   ^^^1 

Complenimlal  nir,  32n. 

nfMr  dnantrtioD  of  c«rpb«llum.  60S.                ^^^^H 

OnnplMticnUiry  colore.  M3. 

CoDtraat,  Bimultaneoua,  Sii  vMan,  647.              ^^^^H 

Cnnrixriilftiii  iY«iJir«tory  iiiuvpiiia-nlx,  331. 

^xplnntttiiiii  uf,  548,  54FI.                                      ^^^^| 

Cuiiilu4TtiDR    pathwnya,     frtnu    mntor     ccirtic*! 

Coawrgriu-i^  of  the  vy^m,  &34,  AA6.                          ^^^^^| 

nrrikK,  647, 

ftMommodAtioii  Mtd,  fi34,  M7,                       ^^^^^ 

in  spina)  run],  aflereot,  &H2,  Fig.  !20fi;  frD3| 

AnymntotiiMj,  Jt&2.  .                                       ^^^^h 

S05.  SOfl. 

o«Dt«r  of,  535.  Fig.  230;  010.                                      ^B 

eflfirprii,  .IIW,  Fig-  200;  Bfl.'S. 

Coarolutions  of  fcrDbmni,  urn  undvr  iwUviduai    ^^^^| 

InclhiHLa  iif  i1<*U*niiiiiin)[,  A8n. 

niuiira.                                                                      ^^^^^1 

tokudilory  sfMi,  (it4. 

Cooking,  importatirn  of.  1 10.  242.                          ^^^^| 

to  viBiinl  u.rftt,  056,  F«({.  2»5;  657. 

CViOrriiiuitiun  uf  tnoveuivnU,  473.                          ^^^^H 

Oiiiiluotion.  ianlntina  o(,  in  uen'os,  41 

cltrtenninMiioii  of,    TplWly,  .%87.                         ^^^^^| 

of  rKt^ilatioh,  41 1. 

in  •crrHirn]  rjgiility,  017.                                             ^H 

ntdiation  of  hmi  and,  40S. 

loM  of.  by  dMtruction  of  inl»rn«1  far.  478.       ^^^B 

Ci>n<hi<'tivitv, « (^uerol  pru|Krty  of  proUipUinu, 

by  Iwiotu  of  MYcbailkiin,  007,  008.                ^^^^H 

02. 

by  1(1^  of  motor  MiiiiuilinnN,  472.                   ^^^^^| 

in  tHiIlt  dirrrtionii  in  nr-rvm,  410. 

Coppt^r  ffiTooyiuiiilr  m  •rmi|>criUHibl«  m«iik>  ^^^^| 

not  »aiii<-  AM  "xcilubilily,  411. 

^^^^M 

rvsi'laiice  to,  in  m-n-fsi,  42fi,  426. 

Copulation.  09] .  603.                                                ^^^H 

ConjiiKUlrd  jirrjicitlii,  T.V 

Coriu«,  form  <.tf.  K22.                                                     ^^^H 

Conjuitation  of  niKli>  luid  frm»t<-  rlt^nnntu,  OBI. 

iBitiiui  of  riirvBtiirv  of.  AlO,  SIX                           ^^^^^| 

<'unwinu«acw>,  nirupli^l  ttoU-  of,  4A1,  note. 

rrfrM-tiv<-  index  uf.  MS.                                           ^^^^^ 

C'nnwrvation  of  i-iiiTjiy,  'J,  S3. 

rofracii\-«  power  nf,  513.                                   ^^^^^ 

CoiiFdiLiaiit  iiiit^rv-alu,  400. 

Coroiw  radinln.  047.                                                  ^^^^H 

CuDMinnDU,  .S07. 

Coroiuuy  Mtpri».  ISO.                                             ^^^^^| 

CnnxtRtil.  riirTTtit,  GO. 

Coronary  vr'trat.  181 .                                                  ^^^^H 

nltpratioiif  of  l^xci^abiUtv  pnM)uc«(l  by,  434. 

Corpora  geoiruUla,  OUU,  RH.  017,  055,  057                ^H 

■tiiMiiilnllnK  vtli^etti  of,  433. 

Cor|KirM  quailrig>('iiiiiui,  0()0,  013.                                     ^H 

CoDiitituiMita,  clirmind,  of  tbc  bmly,  08. 

fronUl  wrlioii  of,  OIK,  Fig.  772                                       ^M 

iiiorynnir,  of  «n>iii)0».  2A. 

rflntinn  of.  to  ftuititory  JnipmHOna,  014.           ^^^H 

of  pl»nt«,  34. 

to  eye  movemrata,  6L3,                                    ^^^^| 

0)ntr«ctH»   c«U))   ombriKiing   oapUluiut,    220, 

Corpora  tiriata.  OIW.                                                 ^^^H 

Fig   89. 

m»  hrait  cfDtcr,  -Wi.                                              ^^^^^M 

Conlnu-liUt  vnnintn,  22. 

(V)rpu>  (-aUoaiiiii,  041.                                               ^^^^H 

Conlnctiun,  Bii.xnloiiie,  43J. 

Evctioa  of.  041.  SOU.                                               ^^^H 

Honir,  fl33,  M2, 

■tliuubitUin  of,  041.                                               ^^^^M 

nanuXrtc.  414:  438.  Flu.  170. 

(.Virpiw  K<4iirii1atuni  rxtcnutl,  R17,  4S7.                ^^^^H 

Wiionlc,  4tA.  43.1:  4:Ki,   h\.   173:438.  Hg. 

Corpiu  g*-nicii1*l<im  iiiU'mal.  0)4.  0A5.                 ^^^^| 

I7fl.  442.  Fig.  178. 

Corpus  tiiTcuu,  000.                                                    ^^^^1 

miutcal  tonr  of,  434- 

Corpiuclco.  r«<l,  148:  *rv  mlao  Btvad  nrputdm,  ^^^^M 

uprtiirig  iirMt  rliwiiifc  430,  423. 

whitp,  I.U;  MW  a|]>o  l.*^fnr-titr*.                             ^^^^H 

til  |»Wljdo|HMli«,  43. 

CoriT*p(iiidi.'iicv  iif  ilip  tTriiiir.  A.%S.                        ^^^^H 

PflilCn-'ii  iKw  of,  42.1. 

Coirii,  cirgRtiof,  41K>,  .VKl,  Fig.  199.                         ^^^H 

•ceoadBry.  433. 

piltan  nf.  4m,  500,  hig.  lOD.                                ^^^H 

aimpU,   of  orom^cnated  iniMel*.  415,   Fig. 

Cortical  a<»w,  iM  Jt/trtor  and  Smaaiy  «artiMl          ^H 

l&t. 

anna.                                                                         ^H 

722 


INDEX 


Cortical  areas  for  vegetative  functions,  649, 

6.W. 
Cortical  epUepay,  632,  641,  642,  Fig.  291;  «52. 

progress  of,  642. 

gprend  of,  through  subcortical  centers,  643. 
Cortical  lesions,  see  Legions.   .  ' 

Cortlco-apinal  tract  in  the  cord,  593.        , 
CoHmic  influ6nces  on  the  body,  61. 
Coughing,  321. 
Cowper'a  glandn,  691. 
Crab,  green,  osmotic  relations  of  blood  of,  34. 

neurofibrils  in,  560. 

re8ex  movements  of,  fi86. 
Cramp  fish,  49. 
Cramplike    contractions    in  cortical  epilepsy, 

641,  642. 
Cranial  ner\-es,  680. 

crossing  of  motor  fibers  of,  647. 
Crawfish,  osmotic  relations  of  blood  of,  34. 

nerve  fibrils  in,  560. 
Creatin,  155,  264,  413,  434. 
Cr«atini£,  264,  382,  383,  434. 
Cretinous  child,  360,  Fig.  138. 
Crico-arytenoid  muscle,  lateral,  action  of,  503, 
Fig.- 201. 

posterior,  action  of,  503,  Fig.  200. 
Cricoid  cartilage,  •'>02. 
Crista  acustica,  474. 

Crossing   of    nerve   fibers   in    the  brain,  647, 
592. 

in  the  optic  chiasm,  657. 

in  the  spinal  cord,  592,  593,  596,  597. 
Crystalline  lens,  distance  of,  from  cornea,  510. 

radius  of  curvature  of,  510,  512. 

refractive  index  of,  509. 

relation   of,    to   accommodation,    531,    Fig. 
225;  532  seq. 
Crura  cerebri,  600,  613,  614. 
CUnolnbruf,  pkk  of,  in  absence  of  oxygen,  26. 
Cubic  enlargement  of  aorta  of  rabbit,  201,  Fig. 
75. 

of  vena  cava  of  cat,  223,  Fig.  92. 
Cucumaria,  66. 

Curare  as  lymph  producer,  351. 
Curare  in  artificial  respiration,  a. 
Current  clock,  209,  Fig.  81. 
Currents,  electrical;  see  also  under  individual 
iiiUTies. 

action,  48. 

constant,  59. 

demarcation,  47,  48. 

frog,  47. 

in  plants,  49. 

induction,  fatal  strength  of,  61. 

skin,  49. 
Turves,  central  nen-ous  pystem; 

asphyxiation,  resistance  of  various  centers 

to,  573,  Fig.  257. 
cortical  epilepsy,  course  of,  642,  Fig,  291. 


Curves,  central  nervous  system; 

latent  period  of  muscular  contractions  b- 

duced  from  cortex  underlying  while  mat- 
ter, 633,  Fig.  283. 
preliminary  reflex  movements  of  frog's  leg, 

571,  Fig.  256. 
Circulation: 

action  current  of  heart,  13,  Fig.  13;  179, 

Fig.  63;  180,  Fig.  64. 
apex  beat.  173,  Fig.  60;  175,  Fig.  62. 
blood  pressure: 

depressor,  104,  Fig.  70. 

in  aorta,  170,  Fig.  57;  171,  Fig.  58. 

in  auricle,  16B,  Fig.  56;  173,  Fig.  60. 

in  ventricles,  169,  Fig.  56;  170,  Fig.  57; 
171,  Fig.  58;  173,  Fig.  60. 

leflex  fall,  237,  Hg.  98. 

reflex  rise,  236,  Fig.  97. 

respiratory    variations,    229,     Fig.    95; 
230,  Fig.  96. 

vagus  stimulation,  205,   Fig.   77;  206. 
Fig.  78;  207,  Fig.  7B. 
cubic  enlargement  of  aorta,  201,   Fig.  75. 

of  vein-s,  223,  Fig.  92. 
influence  of  temperature  on,  184,  Fig.  6fi. 
iimlated    cat's   heart,    direct    stimulalion, 

183,  Fig.  65. 
plethysmographic  curve,  212,  Tig.  84. 
pul.se  curve,  12,  Fig.  11;  216,  Fig.  88. 
pulse  rate,  192,  Fig.  68;  197,  Fig.  71. 
vagus  and  accelerator  compared,  102,  Fig. 
.    68. 

velocity  curve,  210,  Fig,  82. 
Digestion: 

digestive  action  of  gastric  juice,  26S,  Fig. 

104. 
discharge  of  bile  into  intestine,  275,  Fig. 

no. 

enij-nics  of  pancreatic  juice,  271,  Fig,  108. 
■  secretion  of  gastric  juice,  265,  Fig.  103. 
secretion   of   pancreatic   juice,    270,    Figs. 

106,  lt)7. 
Growth: 

in  length  and  weight,  in  boys  and  girls, 

709,  Fig.  304. 
variations  in  length  of  adult  bo<ly,   710, 

Fig  305. 
Metabolism: 

excretion  of  nitrogen  in  2-hr,  period^i,  l(n!. 

Fig.  44. 
excretion   of   urea  in  a  fasting   dog,    101, 

Fig.  43. 
Muscle  and  nerve: 

alterations  of  excitability,  424,  Fig.   161; 

425.  Fig.  162. 
elasticity,  412,  Fig.  150;  413,  Fig.  152. 
entrance  of  current  through  skin  to  nerve, 

428,  Fig.  165. 
ergogram,  444,  Fig.  180;  445,  Fig.  181. 
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Cijt\'<*.  MuAcl«  atul  nfi^-e: 

IK-com|>u*iliuii    pruduFlu,   elimination    of,    by         ^| 

fnliKiJC.  441.  KiK-  177:  442.  Tvf..  17S. 

i-lcmentAry  nrgiinum,  4I>                                   ^H 

iMiiiK^irio  (■imcr&rtiiini^  \Sh.  Pi|;.  176. 

lu  blood,  155.                                                       ^^^H 

tHOloiiii!  fciiitrmi'lionii,  43<^,  Mr.   173:  438, 

inllitr^Fo  iif,  on  ur^&iiH,  354,                                 ^^^^^H 

Kig.  17e:442,  Fiji.  I7a. 

Bltruiilnliiig  BCliou  of,  32L                                      ^^^^^H 

proJiTiUc  motlnii.  43n,  I-Ik,  173;  436.  I-lg. 

Defwatiun,  3»R.  200.                                              ^^^H 

174. 

I>r^rnrrn(iuii.  uf  iH-niihiiiil  tiMiifw,  368.          ^^^^H 

mtc  i)f  condMPtivlty.  417.  Fijc.  I5S. 

M>caii<)»r>-.  ill  [irr\T  rclli,  .V>7.  .^68.                 ^^^^| 

■iriijilw  uumIp  curw,  7,  Fig.  2;  415,  Fir. 

in  Kpinul  rnnl,  5(10,  V\f,.  262.                      i^^^^B 

ir.4. 

.M7.                                             fl^^^^^l 

Atimulnlinn  hy  mnkr  nnd  bmlt  inducUoti 

Dcclittitiuii,  271).                                              ^^^^^H 

lOiockN.  42ii,  FiK-  163. 

musetn  of,  3HI.                                                  ^^^^| 

■trenKT.ti  or  aliiiiiili  niii.]  height  of  coiitnK>- 

ivflpx  iintuTv  uf,  280.                                         ^^^^H 

lion.  43.1.  l-iK-  172. 

■oitnila  of,  282.                                                    ^^^^^1 

WUuiti*,  420.  Fib-  Ififl .  43fK  fig,  167. 

IJclomi>rpti(nin  "mrtrting  oeJIa,  2fi7.                         ^^^^H 

vfrairiniied  musclv,  43",  Fie.  176. 

Drnnurcation  cum-nr,  47,  Fig.  29;  4R.                        ^H 

RifpriHliiciioii: 

HpiiMl  roni,  .'ijtS.                                                  ^^^^^k 

(-■im-f*  «t  inlnii-utpriniT  pimonirt'  tti  l«bnr. 

T)p»<lnItM  (if  ncrvo  <wll,  A30.                                ^^^^^| 

(i&».  I'iK,  302;  0»0,  Vi^.  303. 

IJrfwity  of  ciirmil.  431).                                             ^^^^B 

Rrvpi  ration: 

litrpramur  ikcrvp  aF  kcarl.  iWI.                              ^^^H 

*b«»rpliiui  n(  COi  by  luemoglubiu,  330, 

Depth,  pvrcvpl'un  or.  tu  vininn,  556.                   ^^^^H 

Pig.  132. 

IVutitmnlbiimoHw,  24'0.                                         ^^^^^| 

nlMorptinn  of  Oi  by  blond,  387,  V\%.  131. 

llcvrlopinrnl.  iv«  finttHh.                                         ^^^^^H 

dimi  lint  ion  of  (Xh,  343,   Fig.    134;  344. 

of  myelin  >!Ubsun<7r  in  brain,  fin?.                 ^^^^| 

FiK.  135:  3  W.  F5(!.  180. 

n<>it>riii>s  forniKtiou  of,  in  di|[ufUoii,  2411.           ^^^^| 

iiiittibiT  ii(  rrsjiiraiory  movmncntii,  31ft, 

|irup<-rtin>  uf,  K2-                                                                           ^H 

1  ip.  127 

Dnctmnr.  iw  pn-tiicl  uf  digiatiuii,  24fi,  2St.               ^^k 

pnmmontrftpluc  «urrt>  of  tnui,  313,  Ftg. 

lut  Dourcc  of  elycoff^n.  127.                                        ^H 

131. 

from  alnniii,  373.                                                 _^^^^^ 

nvi^raliunN    iufluvuceil    liv    vm^u*,    328, 

(rum  liH-tic  Mci'l,  374i  iwlv.                                   ^^^^^| 

IV  129. 

[mm  Ifiinn,  374,                                                 ^^^^^B 

fr*piT»l(iry  curve  of  rnbbtt,  314,  Fig.  133; 

in  itrinr,  3S3;  •nsf  ahn  UvAeta.                                  ^H 

32H.  Fid.  129. 

prop<*rtltM  of,  Kn.                                                 ^^^H 

8|i«<|i(il  ■«nMc«: 

DinlK-im  twilitii?,  127.  375.                                   ^^^H 

extitnlioik     uf     iliflen'iil.     cniapom-nta     of 

Uiabirin,  pnnrn-ntic,  127,  128,  362.  375.             ^^^H 

viAunl  iirRon  by  licht  rayn  of  ililTrrrni 

pl.1rirldv.iii,  127,374,375.                                   ^^^H 

wnvr  IcuKtlii'.  544,  Fix-  237;  MA,  Fig. 

puncture.  i~!i.                                                     ^^^^H 

23», 

[tiulniiKf  nriilH,  70,                                                         ^^^^H 

ncilMltun  of  ri^link  aa  functioD  of  time 

I>iniiiiun-c'n|irnir  kpiiI,  7iI.                                       ^^^^H 

GXpoMtl,  &4U,  Fix.  335. 

Ut*n)mi>-%-iiliTiAiiii>  M-i<l.  711.  72.  370,                            ^| 

Tenipcniturp  g(  boU)': 

Dinplirspii,    inovi'inTiniM    of,    in    rMptratioo,          ^H 

diily  vnriiitioiw  in,  390,  Fig,  147. 

■ 

piwt  niurial  full  i.f,  401.  Y\^.  14S. 

IHualvHin  of,  324.                                                          ^^^^^I 

CuUnmun  EirrvRt,  rcllrx  action  nf,  nn  rmjiirk- 

DinphrnKniatii!  tyfr  of  mipiralioo.  818.               ^^^^H 

tion,  331. 

l)iiMC4tlic  rn<ymi-,  deliiiition  of,  343.                   ^^^^| 

CulBHsous    <i«v«kl)oii»,    468;    aoe    alao    under 

^^^H 

Smantion*. 

tnl««ti]ial  iiiic«,  255.                                            ^^^^^H 

tntru  for,  in  the  cord,  597. 

in  pftnrtmLif^  juice,  351.                                      ^^^^H 

€yrtcln,  378. 

i:i  mliva,  246.                                                       ^^^^H 

C>-iUin.  70,  249, 

swrat,  305.                                                               ^^^^| 

Cylolytic  actiuD  of  bluocl,  150. 

pnwprvcid  in  alomBoh,  21)1.                                ^^^^^| 

CytoaiB,  77. 

Uiastolc.  d^nition  nf.  162,                                    ^^^H 

Miction  of  lienrt  in,  177,  225.                           ^^^^H 

UkltoaV  tuw,  fvr  Mbwrption  of  kmw*>  334. 

tioic  rrlKtioiu  of,  17^  Fi^.  C2:  176.                 ^^^^| 

llMiih,  Afi. 

Dihanir  miinkiiiiiiii  aciil*.  70,                                     ^^^^^H 

IVciduft  in«nstru&lJK.  ffl(?. 

Dichrornatii^  tnlnr  syvlrn),  &46.                                ^^^^^| 

Decant  position  o(  eatbohydntett,  374* 

Dichrotic  clc^-alion.  175,                                        ^^^^H 

of  (at,  376. 

on  cudloirnuo,  173.  Fig.  60: 17^  Fig.  62.            ^1 

oT  prot9i<t«,  36S. 

on  aphygmagram.  316,  Pig.  86.                         ^^^^H 
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Dicncephalon,  600,  601,  617;  see  also  'Tween- 

brain. 
Diet,  see  Nutrition  and  Nutritive  retirements. 

Bninial  and  vegetable,  145. 

construction  of,  145. 

digestibility  of,  in  stomach,  293. 

importance  of  variation  in,  134. 

mixed,  utilization  of,  130. 

natural,  of  man,  146. 
Difference  tones,  501. 
DilSugia;,  motility  of,  45. 
Diffusion,  absorption  and,  353 ;  see  alao  Oamona. 

of  odors,  48fi,  487. 

relation  of,  to  excretion,  41. 
Digestibility  of  food  in  stomach,  293. 
Digestion,  artificial,  244,  248. 

definition  of,  38. 

Itactcrial,  in  intestine,  297. 

in  different  divisions  of  alimentary  canal, 
290  seq. 

in  intestine,  294  seq. 

in  large  intestine,  298. 

in  mouth,  290. 

in  stomach,  291. 

in  unicellular  organisms,  3S. 

intracellular  and  extracellular,  38. 

metabolism  and  work  of,  108. 
Digestive  eni:ymes,  243;  sefi  also  Enrymet. 
Digestive    fluids,    242    seq.;    see    also    under 
individual  names. 

methods  of  study  of,  243. 

secretion  of,  256  seq. 
Digestive  glands,  256  seq. ;  Bee  also  individual 
glands. 

conditions  for  secretion  in.  256. 

electric  plieiiomena  of,  48,  49,  257. 

extracts  of,  243. 

fistulip  of.  243. 

hent  production  in,  257. 

niorpholoKieal  changes  in,  260,  Fig.  100;  261, 
Fig.  101;  2ti2,  Fig.  102;  272,  Fig.  109; 
277.  Fig.  111. 

ppccific  rxcitanl.-*  of,  264,  271.  275. 
Digestive  protlucts,  cfroct,-*  of  injection  of,  into 

blood.  250. 
Digf.itivp  system,  function  of,  30. 
Kiliexosaniin,  249. 
Dilator  center  of  pupil,  529. 
Dilator  nerves  of  pupil.  .528. 
Diopter,  definition  of,  513,  note, 
Di(»\y-phenyl-acetic  acid,  384. 
Dioxy-pyrimidin,  7G. 
Direct  vision,  514. 
Direction,  lines  of,  ia  \-ision,  518. 
Directive  influences  on  movements  of  organ* 

iems,  59,  note, 
^saccharides,  properties  of,  81. 

percentage  composition  of,  82. 
Thrrliiiiiiiiliiiii  time,  676. 


Discus  protigenis,  695. 
Dbpersion  circle,  517. 
Dissimilation  equivalent  to  oxidation,  27. 
Dissimilation,  necessity  of,  to  growth,  26. 
Dissimdation  source  of  kinetic  energy,  26. 
Dissociation,  electrolytic,  32. 
Distances,  estintation  of,  with  eye,  554. 
Distribution  of  blood  in  body,  239. 
Diuresis,  390. 

Diuretic  substances,  273,  389,  390. 
Dizziness  in  the  deaf  and  dumb,  481. 
Dog,  extirpation  of  cerebrum  in,  625. 

extirpation  of  spinal  cord  in,  581,  582,  587. 
Dorsolateral  cerebellar  tract,  593. 
Double  refraction  of  contractile  protoplasm,  20. 
Double  vision,  555. 
Dromotropic  efl'ect  of  vagus,  180. 
Dry  rigor,  20. 
Dry  substance,  determination  of,  in  food,  84. 

utilisation  of,  in  body,  139. 
Dulcite,  SO. 

Duodenum,    influence    of,    on    e\-acuation   of 
stomach,  285. 

secretion  of  pancreatic  juice  and,  270. 
Dyspnoea,  332. 

Ear,  analysis  of  sound  in,  493,  498. 

auditory  ossicles  of.  495. 

beats,  how  explained,  501. 

cochlea  of,  498. 

combination  tones  in,  501. 

Eustachian  tube  of,  497,  498. 

excitation  of  auditory  ner\-e  in,  49S. 

external.  494. 

mo^-enients  of,  on  stimulation  of  brain, 

658. 
vasodilator  ner\-es  of,  235. 

intrinsic  miipcles  of,  497. 

middle,  494,  495,  Figs.  196.  197- 

organ  of  Corti  in.  499,  .WO,  Fig.  19Q, 

otolith  sacs  of,  473,  481. 

resonance  theory  of  hearing  in,  498. 
objections  to,  501. 

resonators  in,  498. 

semicircular  canal.-*  of,  473. 

tran.amission  of  sound  in,  493. 

tympanic  cavity  of,  495,  497. 

tjTupanic  moiiibrane,  494,  495,  496. 
Earthworm,  phototaxis  of,  57. 
Echinoderiiis,  gnlviinotaxis  of,  60. 
Ecliinodenns  (Axlrrina).  geotaxis  of,  56. 
Eck  fistula,  227,  274.  371. 
Edestin,  70,  71. 
Egg.  white  of,  245. 
Kgg  albumin,  74.  264. 
Eggs,  dci>eniience  of,  on  oxygen,  26. 

osmotic  phenomena  in,  34. 

Ihigmotoctic  influence  of,  697. 
Ejaculation,  693. 
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CUalic  niauoniflter,  0,  Pi^  fi. 

Eaergy,  poi^nCial.  meaaure  uf.  In  ■ubntoncv,  26.         m 

Elutle  tiibro,  linn  of  liquid  in,  Ifln. 

of  (o.HlnMtfT.i,  02.                                                                     1 

wmvM  in,  213. 

MlorLtl  iu  pnocwwa  of  aMmUaUon,  SS.             1 

Elutioiif,  coefflrient  ot.  In  art«TJc«,  301. 

inuwrnrmation  of,  intn  external  *rori(,  US.         1 

or«rt*rMl  WKll,  20n,  311 

utiliisliun  uf.  in  tlipt,  139.                                      1 

«ri(mip.,310;311,  Ki(C,   120;  .117. 

prcwliicCuui  of,  irt  oclh,  30.                                          1 

ot  rvstiug  musctr,  AVi,  Fig.   IM;  413,   F'lg. 

r>y|nir<.>inriiti  uf,  uf  aa  ndull  man,  140.           ^^H 

1A2. 

ofanailulc  woman.  143.                                ^^H 

Elajitidly  ■ppitnitiw,  413,  Fir.  191. 

ofcbildrrn.  144.                                               ^^^| 

Klaxitn,  7S. 

M>urc»  nf,  in  muHctilar  wurfc,  113,  113.                    1 

jirn'riitiigf  L'a[ri|H»ilii]ii  iit.  H2. 

total  output  of,  iu  iiiuhcIe,  439.                         ^^M 

Kkctnc  a.-^hrK,  4K,  .W. 

Eatoptlc  pbenomcnn.  531.                                    ^^^| 

Klvclric  pticitiQititrnit  in  v^rtlral  iwrroo*  »yst«m. 

CatenikinaM,  253,  255.                                     ^^B 

r.70,  SSS. 

EnuelMtad  i^t*.  18.                                              ^^H 

ID  cutaneous  ^IadiIn.  4S. 

Ii:n>>inm.  38.  350.                                                ^^^B 

ID  [lig;i.<!<livF  glatuU,  '257. 

aiiiylolytic,  243,  251.                                  ^^^^^1 

Ui  iiiuoclr*  Mill  iiprvv",  '|7,  431. 

^^^^1 

in  pinntx.  4fl,  SO. 

in  blonri,  135.                                                     ^^^^1 

1            in  rr*-liii);  iiiivii'li-,  47. 

375.                                        ^^^^^^1 

In  Wttiift,  S37. 

in  pguicrc«(ic  jilirr,  251.                                        ^^^H 

in  »kin,  49. 

ri)-i]ytic,  213,  353.                                              ^^H 

In  Klnrrh  (omintinn,  49,  90l 

uit'iuiurp  ol  acti«-ily  iir,  245.                                 ^^^H 

E:t4-i.-(n(-  signal.  Ill,  rig.  7. 

pri-riirMin  of,  244.                                              ^^^H 

l'^ri>ui*>AJ  Htintulation  in  gciionvl,  .Ml,  418. 

pnrQtolyttr.  -J43,  252.                                              ^^H 

[Iki^lricBl  stiuiulatiuii  it  tlip  4.*ord,  568. 

prnp<>rti<«  >if,  38.                                                       ^^^| 

ftlrctriml  utiintilaiinn  of  thr  oenibml  oortvs. 

Tp\'pr>iib)<*  pnicMBMi  of,  39r                               ^^^^| 

flOl.  IWl,  t\a2.  (W3, 

Kpiilidyinii-t.  nai.                                                   ^^^| 

EliM^ricAl  alitnuiation  of  humui  ncr^'va,  41f7. 

^THKlottw  in  iTwaUowing,  381,  Tig.  112:  2S3. 

Elrctrieity,  ft*w  Elwfie  rurrenU, 

Kplglatliji  lar>-ri|pmeop(c  (Hctun;  ot.  5(H,   l-'lg. 

1            krtioii  uf  DtruiiE  cuircuta  of,  61. 

2ie. 

iiiiiinii.1,  49. 

Kpilrp-y,  cortical,  032,  041,  042.  Fig.201;a53. 

gvnFrutiun  of,  4W. 

Kpilr|wy  in  myxmlrfua.  30O. 

Elnerodw,  nonpolarixablc  41S,  410,  Fig.  157. 

Epiihalamua.  e4K). 

Ele«irq|yiii>  in  ni-rxtw,  434. 

EquilibriiMu,  Ium>  of,  aftor  nraoral  of  mra- 

ElMtrolyto,  ivtatinn  of,   la  osmotic  pmaiiirv, 

U-lliim,  nofl. 

33. 

DitrofCfnouM,  9t.  100,  lie.  120,  121,  123. 

EUePtr(iDiit«r,  capillkry,  13.  Fig.  13. 

of  aubstanre  in  hoaly,  137,                                 ^^ 

ICIcPtfiluuie  purrpiilx.  433,  Fig,  171. 

FJinlinolpoulnr  aolutions,  32,  S8.                         ^^^H 

Elisctrulontui,     ni-c    .1  nrteetratontiM     muI     Ci*^ 

Errclinn,  5A8.  (MS.                                                       ^^H 

4t4rlmtnnv*. 

rrntcr  of.  6B4.                                                      ^^H 

Ere^^n,  355,  305.                                                   ^^H 

lUm.  131  M.<<|. 

ErKuRraph.  443,  444,  FJic  17».                                     1 

nervmary  for  animal  Ixidy,  35,  36. 

ErguffraphiD  nnnrd,  444,   Fi<.   180:  445,   Fi|t.         1 

KlC'Inrnta  nf  niMi-cll,  .'iCMi. 

181.                                                                         1 

FlmiiMtropIc-  rvi-.  AID- 

Crianger'a    apparatus,    fur    drtftntiinallnn    of         1 

Euiuliouf,  r*i iutialuevl,  niorkl  po«rvr  of,  673l 

blood  preaHirr  in  man,  303,  Fig.  70.               1 

•uinitionitiK  iiifltience  of,  uii  lamior}-,  fi71. 

Enude  acU,  I3a                                                       ^^J 

fclmiiWiii  in  Liili'^linp.  'M,'\  'J96. 

KrythrtKlrstnn.  24A.                                                    ^^H 

Eiirvphttloti,  tllMi;  ■(>4>  uif*>  Smim. 

Ethoraal  mlphatv*,  373,  370.                               ^^| 

KdcI  protlwcW,  of  p(i)«n»l  (ligp*.tinn,  2411. 

EuJr'ithium,  M,                                                    ^^^H 

E^imI  [inxluHs,  nilirigon  »)ui1iliriiim  uii,  l!J4. 

Euglobutiii,  t&4.                                                     ^^^^1 

t^rihmin,  BIH).  tlfll  ;  mv  nUi  ('rr^hrttm. 

KuMarhian  tube.  49!!.                                                 ^^^| 

BDdDljrmph,  in  corhli'ii,  4i)7.  V-VK. 

Evarualiun  of  large  lotMtinr,  309,                   ^^^H 

ll         Diovmwnu  of,  in  semiviroulv  canals,  479, 
1                    480. 

of  NComaoh,  283.                                                  ^^^| 

Excitability,  Bltpraiiun*  uf,  53,  425.                   ^^H 

EiwrjtJ',  coniwrvalinn  nf,  2. 

by  rxtrartinn  nf  water.  63.                                   ^^^H 

in  animAl  hoily.  03.  94. 

iiiflupnoe  of  brat  on,  58.                                    ^^^1 

K          kinetic.  36. 

Excitant.'',    tipecific.    In    aecKtlon,   3B4,    371,        1 

j^^  liborat«il,g(vai«rtlMn«n«rgj'of Mtim(diu,Sl, 

275.                                                               ^J 

W          726                 ^^^^^P                                        ^^^V             ^^1 

^^^^          F'xeiUiUciii,  Hv  SliirnJaliait, 

Eye,  *ntcil«lii»i  of  rriinm  of,  336.             ^^^^| 

^^^B            KCCorn|uii>i<'d  by  hviti  ttnd  clMlrinty.  ol. 

nf,  S2H.                                          ^^^^M 

^^H            autniiiAtic.  »:!,  35((,  A7U.  56U. 

fuutrut:  niid  mcdwry  of,  MO.                 ^^^^| 

^^^^H           i>f  iiiiMi'le  mill  n<>rvi-,  414. 

fnral  (liaUinrrs  of,  AI2.                                    ^^^^H 

^^H           p<.-lar  Inw  lit.  41M,  42U. 

fuvru  criilrabntir.  514.  MT.  541.            ^^^H 

^^^B          prapniptuaii  or,  rlimu^li  rhe  heart,  187. 

bypomi^trx^pia  irf.  SMI,  Iir.  215;  .S2n. 

^^^V           rate  of  Irannniiwitrin  ii(,  l^%  TnnsmiMiim  o] 

iuuigKw,  forriLHrion  uf,  un  tttt  (rtiuA  of.  £ll^_ 

F                           tf(mtJii[». 

AM,  na.  24«.                                            fl 

H                  KxcrvnipnlH,  ne»  PitrrJ'. 

im  nf,  .n27.                                                         ■ 

■                Excrvlu,  n|>portio[un«Dt  of  cbrtniral  d«iiit>i)ls 

tiylil-jion-fivtiig  larnr  nf  rt-tina  of,  fil4.        ^| 

B^^                   tft.  m. 

EiiuKciilar  KirabiMn  of,  5,^5,                             ^| 

^^^H           (]ct«nnitmtioD    of,    in    lUL-tiibolUni    cxpLTi. 

tiiyopiu  uf,  -MO,  Fig.  21A.                                ^M 

^^^H                       nieiitia,  64:   WW  fdif   vikrioim   PXcrelvry 

iu'nr-|Miiiit  i)f.  529.                                         ^^^^B 

^r                              tirguiui. 

oplicul  I'unslaiits  u(.  5(16.                          ^^^^H 

^^^^        Kxrrnlion,  (IcKnilina  of,  W. 

oimcnl  J«fn;b>  of.  52a                            ^^^^B 

^^K           by  kidntw.  2&i. 

anxtc  t»-twi.-«a  linp  itt  viaiun  Mid  viaaal 

^^^H           hy  Itinn',  3Af'i. 

axi»,  525. 

^^H           hy  «kiii,  3U4. 

AMltpnniinni.  .'i22,  .'•'£4.  Fifi   210.                fl 

^^^B          ia  iiiiicKlliilarorganiBnu,  40. 

rlironialic  aberralimi,  52rt,  Fi|;.  321,        j^^ 

^^^H           of  cBrliixi  iIi'>\i<io,  SB. 

vut,upli«  phcuumeua,  521,  t''i|t.  3IE;  B^H 

^^H                imii,  30K,  3m. 

K*  217.                                                    V 

^^^m                  riitfi^«'n.  Sit,  mi. 

form  nf  n^rnrlinK  Mirfacr*  in,  E32.          ^B 

^^V           throuffli  iiitp«lln<>,  I3»,  21».  309. 

epiivrieal  nbcmuon,  522.  &23.           ^^^H 

^               KJicreiory  uremia,  functiuu  uf,  81. 

ora  Mwrata  uf,  514.                                   ^^^^| 

B                ExpnitKUiii  fit  tliomx,  3111,  312. 

|ic-r(-(-|iliou  uf  dttplli  tir,  554.                  ^^^^H 

B                  ECxfHinnon  mrivrmi.*i>ln  'if  (MritilniKHlin.  4-1. 

[inniury  ixmition  nf.  .^4!>.                        ^^^^H 

^^^^        Expiration,   m*o    Retpiration  mod   R<»piratory 

pupil  nf,  con^riciion  of,  0^8.               ^^^^| 

^^^^fa                      rnnfpinntl*. 

for,  SOP.                                 ^^^^H 

^^^H            dt^fiaitiuii  i>f,  31(1. 

of,  528.                                ^^^H 

^^^B            (IfTncriplion  cif.  317. 

M-ni«r  for,  529.                                 ^^^^B 

^^^B           HT«Ylft  uf,  (III  urtcrial  blood  pmmirv,  330. 

mducnd,  512                                             ^^^^| 

^^H        idusiiIm  »r,  :U7. 

rcfmirtiriK  mrdia  of,  508.                         ^^^^| 

^^^F           praanirv  <?t:aii4{ii*  in  itir  pSMWgea  In,  331,  322. 

rvfrnrtiun         .*iln,  t-lg,  207.                       ^^^H 

in  Ihrimx  in,  310,  312. 

ri>liil,in[j  rcnlcr  oF,  541).                           ^^^^^| 

Expin^tl  Air,  (^rtnijioiiiTirjn  nf.  342. 

achrmall^',  511,  313,  Fif.  210.               ^^^H 

poixMioui^  confiUtitcniH  in,  S44. 

waBaiiiinH  of  Pulur  in,  541.                     ^^^^| 

l-lxpiilH-i-dii  jieriijil  in  fiarliiriiii^n,  filM. 

(mmplonLpiilAry  colon,  543.                 ^^^^^| 

E3Ct«i»iciu,  curve   of.    in   mtliig   ffiiuclc^,   412, 

MiccFmivF  colur  iitduoiion,  542.          ^^M 

nK-  i.w;  4i;j,  r«.  152. 

l\tQonai  of  eolur  \-i>ion.  SA4.  540.       ^| 

£xlfniul  ttudiiijry  mviilux,  401,  ^"|[.  Iflft. 

•iniultnnmnK  coutrant  in  viMoo  ta,  At7^     ^| 

Kxl.mi'1i\'«H,  pfTrrt  nf,  rui  ^iLjitrir  kIoikU,  2fl4. 

rxplnnalion  nf,  A4K,  >*rlS.                                ^H 

fOAd  »'ft!iwof,  1119. 

rtAtir  rcfrA^liun  of,  AlB,  Fig.  213.                ^| 

KxtTPinil'iei',  ^'itMicDiulrictor  ntinrBs  of,  332. 

frt^rvoerapi^  vUion  df,  SSS.                      ^^^^| 

vSM>diluIur  ui-n'ts  of,  235. 

trivbromattc.  545.                                  ^^^H 

Eye,  B^Fiiitiiundntion  iti,  52B  u^\. 

ultrai-nHi  rays,  rllmct  of,  on,  63S,          ^^^^B 

^^^K            aftcr-imiigm  of,  nrjpil.ivr,  Ci3&. 

liilni-violrl.  ray«,  dTtrt  of,  ott,  83^,              ^| 

^^^M               pwiilivo,  SOS. 

viviblv  nyt  oi  spmnun  In,  SM.                   ^| 

^^H           binncidiLr  f)i?1d  uf  visian  of,  ASI,  5A3.  Fig.  £43. 

viminl  anftlv  iiiid  liniib  uf  vbian  iu,  ,M7.    ^B 

^^H           blind  t>i->t  uf,  510,  Fig.  212. 

l^yi^  sw  an  i)plu-»l  itulrtuiiml,  506.                     ^| 

^^H          CMi^oal  poititAof,  niz,  .'il.t,  Kig.  2tn. 

Rye  iHuv-onrnt*.  54!l. 

^^^B          chajiBOT  prodtiecd  in  rrtin*  nf.  by  action  of 

iuduelion  of,  by  HCimulAtlou  nf  cvr*br«l  i^^ 

^^B                   liKht,  .UT,  KiR.  231 ;  !i$H.  F>g.  232. 

tvx.  «40,  658.                                           ^1 

^^^B           cliamid  rrjai  uf,  A27. 

Itinita  of.  551,  FiR.  241.                                    V 

^^^K           convergfacc  of  viaual  wtoa  ol,  634,  &&6,  557, 

rr-latjnn  nf  <^rpora  itiiadrijcpmina  to,  fll3. 

^^B                   Pig.  230. 

wKiii^rauM'  of,  for  pcx»jc«lion  of  vimnl  J^: 

^^^B              (vutvr  fur,  535. 

praosioiM,  562.                                          iB 

^^^^L^^    drrbmmntin,  &4A. 

ayiiergir,  914.                                                    ^M 

^^^^^^ft  - 

EvF  fnu*rln>,  .Mft.                                                       ^| 

^^^^H< 

a«tk>D  of.  549,  5fiO,  Fig.  VO,                ^^H 
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V.yv  muwIeA,  ax«  nf  mUilinn  in,  £fiO,  Fig.  340. 

Fat,  rHjmthoia  nf,  3M.                                    ^^^^| 

1                  n-nlrn>  tut.  014.  A15.  Tik.  273. 

Kturvw  of,  in  bu>ly,  129,  134).                         ^^^^| 

inui^vfliion  uf,  tJSI'. 

■torapi  irf,  in  biHly,  12(t.                                       ^^^^^H 

Kyns  Mugla  %-uiian  witb  Ivro,  ASfi. 

•ubculADMHia,   as    prutMittuii    u^nai    lirut        ^H 

Um.  40S.                                                               ^H 

Fmv  ma»k  for  mpimtiau  rapcrimcatw,  SJi, 

trunKportutioii  uf.  iu  butly,  376.                              ^^H 

Fi«.  30;  ItU. 

Htiliwiioti  of,  138.                                                      ^H 

t'ni'p  uiiiHctaw.  <:<viitmclioD  of,  by  nimulaUon  of 

FHtitPip,  nx                                                   ^H 

ciiMrx,  (tilt. 

HTif-t.  uf.  <m  power  uf  tuciUitnliciu,  404.        ^^^^^| 

l-nciikl  nrn*.  IWO. 

ioBumee  of  nuntaJ  vrorle.  ou,  446,                ^^^^H 

a*  ncmi  <if  rKi>iTw>i«n,  (MO. 

luckl.  443.                                                            ^^^H 

as  iicr\-t>  tj  liMlp,  4K4,  Fig.  IBI. 

of  hnun,                                                               ^^^^H 

»H  Mvivtory  Drrvi?  u(  >4liwy  ctMid.  2A7. 

of  MU-.  409.                                                        ^^^^M 

I''in>if>.  >tPniftt«ACktn  of,  S&. 

of  iuubcIri,                                                          ^^^^^I 

f>>ntiii(iiiii  of,  30S. 

^^^^^^1 

Ih^I  ii(  'CiMnhiMtion  of,  B3. 

tMTll-H,                                                                                         ^^^^^H 

in  tMiline.  fW. 

^^^^H 

niciftbfilio  8iiaii6cwiw  uf,  WX 

of  olfariory  'irKan,  458.                                   ^^^^^| 

S'lC  In,  00. 

uf  viauul  orKmi,  A90.                                               ^^^^^| 

l-'aJIripian  lubiv.  000. 

ratp  uf  utimuUliuii  Wii),  44A.                                        ^^M 

l'iil>rir>i  vuif-e.  .Mi. 

nruTil   uf,    with   rrgncrBiili,    444,    F^    180;         ^H 

}-ar-]H)ini.  .VJf. 

44.\  FiK.  181.                                                       ^M 

VViiur.  (lA. 

Fatty  ariiK  fiMxl  valuo  of.  KM).                           ^^^H 

nitinR  ■■/  ilrnlli  br.  9Ft. 

prmliiclioci  uf,  t>y  fliguitinn,  3B5>                     ^^^^^^| 

firsH-*  Inrmcil  in,  Wi, 

HiUibility  uf,  in  bilf.  3fi4.  SUB.                        ^^^H 

lit  lULiniiiL*  of  iJillcwiit  mac,  117, 

Fatly  iloccticratiun,  I3U,                                      ^^^^^H 

iiifliti.iif'r  ft,  »n  ilifTcivnt  urgWM,  9T,  08. 

FnUy  iuiilt ration,  120.                                              ^^^^H 

[in  f>li);ui>,  44 A. 

Fat-«plining    nuyoH*.    2S0,    38S:    ne    ako       ^H 

iitPiabiJifVi)  in.  0^,  1H1. 

.SfAipMrl.                                                                        ^H 

of  rictni-nlary  orRMiiiMiis,  38. 

Fvsibi^n  uit  iirotrcliuu  aRBrnsL  liMil  lu*a,  405.         ^H 

pl)>-i4iolt«ioiil  roiiiUUon  in,  95. 

FrcbnrrV  n*y<^l^>-r>)iy'>ca]  law,  447,  ttotc.                 ^H 

T'ai,  Bt»wr|>tiun  of,  3(>4. 

Filling,  fli-litiiiiin,  303.                                                        ^H 

ctJK  -il. 

(M-ling.  ftrnrrnl  irtati-  of,  4&Z.                                           ^^M 

Hii'iniMil  nBiurr  of.  79. 

Fm-Iudk  "f  rff'irr  in  motor  itrn.-wtion,  470.                   ^H 

t:lr«iv»4((-  (iK-ory  nf  iligci^Tiiiri  «(,  296. 

Fr<-hii|p.   iiiiiiiitoiiiiiii  poM-vr  of,  ou  uivmory,        ^H 

iU>(eniiinatioit  of.  in  ftMiil,  S4. 

^1 

digestion  [>f,  l<y  |Miicfmlic  juicv,  363. 

Fritir  Bci<l.  3A3.                                                               ^1 

in  loinitLnr,  2R5. 

FmiuUi*  iM«ual  urgana.  fUtS;  mo  alao  Servat      ^H 

in  Floniach,  250. 

orgnna.                                                                           ^^H 

liroplflln  in  vnrioiiit  cvlU.  22, 

]->n<w1ni  (i\-Bha,  40C.                                                            ^^| 

(lytinniif  valnf  uf.  il3. 

FFnr<ilrA  nitiinil*.  407.                                          ^^^^H 

rmulninn  lh(>4>rv  of  i)t|ti~'lii>ii  of.  305. 

F«nn<-iii  uL-iioQ.  4(>.                                               ^^^^^| 

fiiml  iIr«-oni)H>iiilit>ii  uf.  370. 

Frmifnianuii.  nlcobollc,  3A,  40,80.                  ^^^^| 

funn  of,  ill  milk,  7iH. 

Krmii'Ml*.  otKniiianl,  40;  aan  ako  Smtjfmm.     ^^^^H 

funtuiliun  of.  in  iiiiuiiui«ry  i^mml^  TOOl 

l-Vrliliintiua.  091.  697.                                              ^^^H 

fn>m  fnir>-  »»iU,  IDU. 

Mbrillarv  cuntractintiB  of  bevt.  l&l                ^^^^H 

In  hlixwl,  \M, 

^^^H 

in  iiiurinv,  74. 

fonnalion        157,  t&6.                                 ^^^^| 

ill  iuumHp,  413. 

Fihrin  ferrtirol.  1,V).                                             ^^^^^H 

Influrnrc  nl,  on  (»u<ihe  digeetiUi  SSB^  SD8. 

Fibrinogen.  IM,  137.                                           ^^^H 

on  uirMtbiiliMii,  I<M. 

deavagc  of.  \W.                                              ^^^^M 

tu^iJ«)lti>ni  of,  in  fwlini,  07,  IM. 

Fibrinn-tflfJntlin,  ISO.                                              ^^^^^H 

in  muMMilaf  wurk,  113. 

Fillcl.  JW3                                                               ^^^H 

|irrrF-nln|[i-  mmpOUlioB  of,  SZ. 

lattfal,  nt4.  GSA.                                                 ^^^H 

pllysiuki^cnl  lirAt  vb]\u-  of,  03. 

FiUmiiuu.  iliron*  of,  in  urine  foniutiioii,  387.      ^H 

protcM  vparrr,  bk  a,  131. 

in  tvinpti  fomwtinn,  349.                                      ^H 

iHaiion  of,  to  ulyconrii,  12fl. 

Ftmbria  ovaHm,  fiOft.                                        ^^^^H 

tti  fwtnvfvtiliv  Mrerrtian,  U70. 

Fiah.  nfTm  uf  low  tcmperatun  on.  30.           ^^^^H 

^^         ui  proleiil  retriitioa,  131. 

elMtnc.  48.  20.                                                 ^^^H 
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Fish,  extirpation  of  cerebrum  in,  619. 

gco taxis  of.  56. 
Fissure,  calcarine,  639,  Fig.  290;  659. 

cruciate,  624,  Fig.  280. 

of  Rolando,  639,  Fig.  289. 

of  Sylvius.  624,  Fig.  280;  639,  F^g.  289. 
Fistula,  bilian,',  243,  298. 

Eck'B,  227.  274,  371. 

funduH,  264. 

gastric,  243,  246. 

intestinal,  243,  295. 

cesophageal,  263. 

pancreatic,  243,  251. 

pyloric,  267. 
Flagella.  definition  of,  43,  44. 

vibrations  of,  independent  of  N'aCl,  25. 
Flagellata,  44. 
Flavors,  133. 
Flechsig's  tract  or  bundle  in  the  cord,  591,  Fig. 

264;  593. 
Row  of  blood  in  arteries,  200  see).,  218. 

in  capillaries,  219. 

in  veins,  223. 
Flow  of  liquid  in  elastic  tubes,  199. 

in  rigid  tubes,  198,  Fig.  72;  199.  Fig.  93. 
Fluids,  absorption  of,  gases  by,  334. 
Fluttering  of  heart,  187. 
Focal  distances  of  the  eye,  512. 
Focal  lines,  523,  524,  Fig.  219. 
Focal  points  in  eye,  512,  513,  Fig.  210. 

in  optical  system,  510,  Fig,  207;  511,  Fig. 
208. 
Folin's  theory  of  proteid  metabolism,  137. 
Follicle,  graafian,  695. 

primary,  695. 
Food,  const  ruction  of  diet  from  different  articles 
of,  145. 

definition  of,  137, 

influence  of,  on  metabolism,  98. 
Food  retiuircment.'*,  hcc  Nvlrition. 

of  grown  man,  140. 

of  grown  woman,  143. 

of  infants,  144. 

of  youths,  143. 
Foodsliiff,-i,  ,>:ee  MrtaMinm,  Nutrition  diet,  and 
individual  fiMxlstuffs. 

decompositi<m  of,  369. 

dcfinitiiiTi  of,  83, 

inorganic,  S3,  131. 

effect  of  <k'privation  of.  131. 

organic,  83. 

pla.-4tic.  111. 

potential  energy  of,  92. 

replace  one  another,  93. 

respiratory.  Ill, 
Foraminjfera,  41. 

Forced  movements  and  positions,  612. 
Forebrain.  600, 
Fovea  centralis,  514,  517,  541. 


Freezing  point,  lowering  of,  32. 
FrUiillaria  impmalia,  21,  Fig.  16. 
Frog,  extirpation  of  cerebrum  in,  620. 

behavior  of,  in  absence  of  Ot,  27. 

galvanotaxis  of,  60. 

geotaxis  of,  56. 

osmotic  relations  in,  34. 
Frog  current,  47. 

Frontal  association  centers,  668,  069. 
Frontal  convolutions,  631,  637,  638,  639,  Fip. 

289,  290;  664. 
Frontal  lobes,  extirpation  of,  668, 
Frtmtana  Irucaa,  41,  Fig.  24. 
Fructose,  80;  see  also  Levulate. 
Fruit  sugar,  80;  see  also  Levuiotr. 
Fruits  as  exclusive  food  of  man,  IM. 
Fundamental  colors,  544,  547. 
Fundamental  tone,  491,  492,  Fig.  194. 
Fundi c  glands,  266. 
Fundulus,  egg  of.  25,  34. 
Fundus  fistula,  264. 

Galactose,  80,  81,  251. 
Gall  bladder,  275. 
Galvani's  discovery,  46. 
GalvanotaxLs,  60. 
Galvanotropism,  64,  65. 
Ganglia,  basal,  of  brain,  632. 

collateral,  687. 

lateral,  687. 

peripheral,  583;  584,  Figs.  258,  259. 

spinal,  chief  purpone  of,  584. 

sympathetic,  reflexes  through,  ."iSS. 
table  of  connection,"  of.  688. 
Ganglion,  inferior    mesenteric,  392,  Fig.  145; 
303,  688, 

stellate.  087,  68.S. 

superior  cervical,  689. 

sui>erior  mesenteric,  392,  Fig.  143;  393. 
Ganglion  cellf,  <legcneration  of,  585. 

in  heart,  186,  190. 

in  intestinal  wall,  288;  see  also  Auerixieli't 
■ptixttr,  and  MHxsner'x  plfiur. 

in  stomach  wall,  284,  Fig.  114. 

in  ureter  wall,  391. 

peripheral,  functiomi  of.  .583. 
reflexes  through,  584,  Fig.  259. 
Gas  pump,  334,  Fig.  13(1. 
Ga-scs,  ab!<orption  of,  in  li<|uids.  334. 

exchange  of,  between  alveolar  air  and  blood, 
340. 
between  blood  and  lymph,  342. 

in  blood,  333,  339. 

in  intestine.  295. 

prerwurc  of,  in  alveoli,  341. 

tension  of.  in  tissues,  342. 
Gastric  glands,  266. 

morphological  changes  in,  268. 

nerves  of,  263. 


^^^^^^^^^^^^^^f                                                  ^M 

Gmttric  juicr,  2M. 

OIulin-fonningautMt*nre*,2SO;aMfelaof7«fati>^  ^^^^M 

■rid  of.  347. 

/ermint  tubilanett,                                   ^^^^^M 

■ulincptic  propuElics  of,  302. 

Olywfm  ftoitl.  377.                                               ^^^^H 

bourly   coiiruB  of  (|igt«ilvv   wtion  vt,  M5, 

( il}*ci-ridM,                                                                 ^^^^H 

Fip..  1113,  l(W. 

Glyc«rLU,  food  vktup  nf,                                               ^^^^^H 

|H-iHln  lEi,  :248,  MS. 

fmtii  <-Wvn|^  111  lai,  290.                               ^^^^^| 

rynnin  in.  351).  267. 

blou-l.  1^5.                                                        ^^^^^M 

Gat^iric  uiiieiia,  ^iflO. 

Glyci'rtii  Htdt'hy-de,  373.                                          ^^^^^| 

(luiilnr  nlfHipnii],  250. 

Glyn'Hii-pboiipliorii?  ncid,  78.                                ^^^^^| 

CJclaiiti.  7H. 

CUyroctinlir  acid,  2.t3.                                                    ^^^^^^| 

coinfntMtiun  of.  72,  83. 

Qtycm-uU,  7lt.  72.  2M.  37(J,  378.                            ^^^| 

ilijtc*tion  nf,  2HT.  252. 

GlyroKvn,  SI,  124.  374  M>q.                                            ^^| 

riMxl  value  riT.  MW. 

affrctcd  by  cxtiiiwtion  of  pancms,  364.                 ^^M 

pruiiurU  of  ilgcivtinn  of,  75,  78. 

■inoiiiii  (if,  sriirMl  in  Vmdy.  12.V                                 ^^H 

Onlfttirt  pt'jtiuura.  78. 

Mfnniiinplitiii  of,  ill  niuu-'ulAr  wcirk.  I2S.           ^^^^H 

Ovlntiu-formiciK  mibHtikDC«it,  247. 

fiiniiattoit  of.  from  carbohydrateH,  126.           ^^^^H 

iligi-iliiin  tft.  247,  252,  2fl),  294. 

twm  tmlK,  12S.                                                  ^^^^M 

fixxl  VtLlltl>  of,    11)9. 

from  (imtfiil*,  127                                           ^^^^^H 

OcnrrattDii,  ot);il[»  of,  m.*  Sttmo/  rTynnA. 

livrr.  125.  1311.  Vi^.                                        ^^^H 

vaoonuttor  nerves  of,  233,  235, 

mtiAck>,                                                               ^^^^^H 

■tponlADcoua,  IB. 

ill  iiuiufv,  MCFurn-rici-  uf,  SI.                              ^^^^H 

Geolikxis,  59. 

|:i«r<.-tili^{«  uf,  in  VBriouH  tirgniisof  body,  125.           ^^| 

<ieotropiam.  64. 

iTviinfiirDiittiiin  of,  into  )iiif[nr.  87&,                       ^^^^^U 

Gmninbl  aput,  605. 

Glycoffcnic  funetion  of  Ibo  liwr,  378.                ^^^^H 

Qerminid  veaiele.  095. 

377.                                                                ^^^H 

Cwiatltn.  ppriod  (if,  SOS. 

GlycuUc  uuid,  377-                                                          ^^^^^H 

Oiiml  ctlls  of  dlipL-,  IB. 

Cdyrontinn  ultmrtitaiy,  127.  363.  374.                    ^^^^^| 

nf  iHinoinftrrow.  16. 

Glycuronic  Kid.  376,  379,  383.                              ^^^H 

Oirlbood.  &c«  uf.  706. 

Glyoxylic,  377.                                                          ^^^H 

Olria,  food  r«qtiiivm«abt  of,  I4i. 

OulKi'-<  mctlioil,  560.                                                        ^H 

growth  (*r.  708,  70». 

liuU'ii  column  in  Ihr  cnrd,  Ml,  Fig.  264  i  693l           ^H 

K      Glftfub,  nlbuminoiu,  245,  261. 

OotrcT^  IriKt  or  bundle  in  the  eoni,  SOI.  Kig.         ^H 

B           fkotiic,  2flA. 

264:  503.                                                          ^^^H 

■           |««hrrniiil,  24S. 

Grtuiflan  fulliolv,  605.                                                    ^^^^| 

V            ini-voH,  24A. 

Cickpt-  inifpir,  HI];  nw  mbo  Otjtrow.                          ^^^^^H 

miio.ijj-,  21,S,  261. 

Graphir  mflbod,  (i.                                                 ^^^^^H 

i>f  largT  iiitMline.  377,  Fig.  111. 

Cray,  ff^tracvtliilar,  of  Miml,  Ml.                         ^^^^| 

of  stiiBll  iiiir-iiiip,  276. 

Gray  iu»(i(>r  of  Kpinal  cuni,  r>63,  599.                  ^^^^^H 

punliJ,  245,  257. 

Gray  mtui   conuiiuiuciuiUs,  flS7.                        ^^^^^^H 

^              ofcbt.  2ijl,  Fie.  iril. 

Grren  bllndncavv,  54n.                                             ^^^^^^H 

H              of  mbbii.  JtiU.  He.  100. 

Gromia  i>nlormu,  34,  Fix.  10.                               ^^^^^H 

H           |jrc|iutia).  of  tnuiute,  <n4,  Fi^.  140. 

Gruwih  raercy,  iiihvr«nt  tn  ctH»,  63.                    ^^^^H 

H            •nlivnry.  257  wj. 

Growth  of  liutiuui  hodr,  7W>  meq,                            ^^^^^H 

H            M-t)ci(i-<i«>i.  31>4 

hy  yv^n.  TllH.                                                        ^^^^| 

V           subliniciiAl.  24.\  2^7,  3AS. 

of  iTuUfln  and  fi>aiAlt«,  7<I9,  Fi|t.  304.            n^^^^^^ 

■ubaumillary.  3i5,  247,  2S8. 

fartt>ni  detcmiiniiic  rate  of,  707.                               ^^f 

Oobin,  75,  1&2. 

iiitlui^rp  of  ■■niniiniiR  cirnianat»ur«a  DO,  710.  ^^^^H 

Olobulinis  7-1. 

)>ubefty  on.  7U6,  709.  710.                         ^^^H 

alkalinr  comhinilioB  of,  in  blood,  S38. 

of  scaaon  on,  710.                                             ^^^^H 

of  blood.  IM. 

periodv  of,  706.                                                      ^^^^^| 

OlomimiliM  uf  kidiiry,  38fi. 

GuBnidin  irat,  70,  73.                                              ^^^^^H 

OJomcjihArynKrat  n^rve,  4M.  'Rl. 

Go»ni[i.                  413.                                              ^^^H 

■«  HM-w  '>f  laMte.  4ftl.  Flu.  MM. 

Gimnylie  acid,  77.                                                    ^^^^^| 

u  SMn-ion-  tir>ri-i>  i>r  naJiv-nr}-  kIbikIh.  257, 

Guiklen's  metfaoil  of  tf»Gln«  nerw  jMibt,  006,        ^H 

rHplrntlon  uid,  331. 

^^^H 

Glotti*.  S02. 

OttOM,  propciii**  i>r.  82.                                          ^^^^| 

GlucaaBRun.  71,  72. 

GjmUMDiic-  arid.  495.                                                     ^^^^^H 

GlueMe.  80;  ncr  »|ko  />i<xlroML 

Oynw  an|cubin»,  062.  Fif.  306;  669.                     ^^^^| 

Qlutsnuc  Krid.  7f».  72,  249. 

Gyna  foniicftUia,  639.  Ffs.  200i  efi&                 ^^^H 
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Cyrus  marginalis,  634. 

Gyrus  sigmoidee,  26fi,  632,  Fig.  282. 

Gyrus  supromarginalis,  662,  t1g.  296 

1 1  all  uci nations,  visual,  454. 
Haploscope,  555. 

Haptogen  mcmhrane  of  milk,  701. 
Hecmatin,  152. 
Hirniatinic  acid,  254. 
Hiematogena,  308. 
HiEmatoidio,  254. 
Hn>matoporphyrin,  152,  3S3. 
Hffimin  crystals,  153,  Vtg.  49. 
Ha-mochromogen,  75,  152. 
Hipmodromograph,  209,  Fig.  81. 
Hiemoglobin,  150,  I  SI. 

absorption  of  COi  by,  339,  Fig.  132. 

absorption  of  Oi  by,  336. 
absorption  spectra  of,  151,  Figs.  47,  48. 
carbon-dioxide,  152. 
carbon -monoxide,  152. 

nitric-oxide,  152. 

percentage  of,  in  red  blood  corpuscles   150. 

relation  of,  to  bile  pigments,  254. 

union  of,  with  CO,,  339. 
Mirmoglobins,  75. 
Ha;niopyrrol,  152. 

Hair  as  protection  against  loss  of  beat,  405. 
Hair  cells  of  organ  of  Corti,  499,  500,  Fig.  199. 
Hammer  of  middle  ear,  495,  Fig.  197 ;  496  Fig. 

198. 
Head,  vasomotor  nerves  of,  232,  235. 
Head  tones,  505. 
Hearing,  see  Ear. 

cortical  field  for,  653,  654,  Fig.  293. 

range  of,  490. 

reaction  time  to,  673,  674. 

spnse  (if,  451.  489. 
Heart,  artion  current  of,  13,  Fig.  13;  179,  Fig. 
63;  180,  Fig.  64. 

annrmia  of,  181. 

artiricial  nouri^bment  of,  25,  182. 

automatism  of,  185. 

chamlH.Ts  of,  IGl;  see  also  under  individual 
names. 

cliangcH  in  form  of,  163,  104. 

changes  of  pressure  in,  168  aeq. 

comprnsaLory  pause  of,  183,  Fig.  65. 

contraction  of,  nature  of,  179. 

coronary  circulation  in,  180. 

cross  section  through,  163,  Fig.  51. 

diastole  of.  162,  176. 

electrical  stimulation  of,  182  seq. 

fibrillary  contractions  of,  181. 

filling  of,  in  diastole,  176. 

fluttering  of,  187, 

influence  of  thoracic  suction  on,  176. 

intrinnc  ganglia  of,  186. 

Krebl'b  ooae  of,  163,  Fig.  63. 


Heart,  movements  of,  162. 

nutrient  medium  for,  25,  note,  182. 
nutrition  of,  160. 
period  of  ejection  of,  171. 
perio<l  of  rising  tension  of,  170,  175. 
power  of,  177,  178. 

pressure  in  different  chambers  of,  169. 
propagation  of  excitation  wave  in,  187. 
muscular  theory,  18G. 
ner\-oUB  theory,  187. 
pulse  volume  of,  204. 
reflexes,  193. 

refractory  period  of,  183,  Fig.  65. 
separation    of   auricles    from    ventricles  in, 

185,  189. 
sounds,  167,  168,  17.5. 
structure  of  wall  of,  162,  163. 
suction  of,  in  diastole,  177. 
systole  of,  162. 
tactile  sen-sations  in,  194. 
tenacitj-  of  life  in,  182. 
tetanus  of,  184. 
time  relations  of  events  in,   170,  171;  173, 

Fig.  GO;  175,  Fig.  62;  176. 
valves  of,  165. 
variations   of   electrical    potential    in,    179, 

Fig.  63. 
vasomotor  nerves  of,  233,  235. 
work  of,  178. 
Heart  beat,    acceleration  of,    by   inflation  of 
lungs,  195. 
cause  of,  185. 
force  of,  1 88. 

influence  of  blood  on,  184,  204. 
of  vagus  on,  189. 
frequency  of,  as  affected  by  age,  197. 
by  fo<Hl,  197,  Fig.  71. 
by  imiiviilual  peculiarities,  198. 
by  muscular  exercise,  197. 
by  sex,  197. 
by  size  of  botly,  197. 
by  temperature,  184,  Fig.  66;  19 
by  vagus  nerve,  188. 
Heart  muscle,  contraction  of,  nature  of,  179. 
propagation  of  excitation  wave  in,  187. 
properties  of,  179. 
Heart  nerves,  188. 

accelerator,  191,  Fig.  67;  688. 
afferent,  193. 
centers  tor,  195. 
depressor,  193,  Fig.  69;  681. 
efferent,  188. 

inhibftory,  18S:  191,  Fig.  67. 
reflexes  tlirough.  193. 
Heat,  coniluction  and  radiation  of,  403. 
fnnnation  of.  universal  in  nature.  46. 
mfluenced  of.  on  elementary  organisms.  29. 
production  of,  in  cold-blooded  animals,  46. 
in  man,  402. 


I^^^H 

te           ^              rai^H 

HmU  production  of.  in  plftiiu,  40. 

Ilyilroobloric  wid,  wkcT«  fonned,  28S.                 ^^^^H 

IIi>iit  a*  ■timiilui,  -Vt. 

UyugluiBal  muaclcv,  action  of,  in  dfghitiUan,            ^^H 

nmtwiitm.  408. 

2m,  281-                                                             ^^^H 

JI«ftt  liMA,  rnvn  tilt  body  by  difTpfent  mt^uu. 

ffy^lrolytic  ?Ir«\-nf:p,  70,  ^4^1.                                   ^^^^^| 

103. 

[fyilniitieiric  |x-nilijliiiH,  31iX                                   ^^^^^H 

pmlorlinn  aoninct,  4*14. 

HypvnriiiiiL.  iiiHui-nc^c  of,  on  tranaudation,  340.            ^^H 

nffiitNliuti  of,  4()7, 

My|H>ri(«t  himin,  .'lO?.                                                            ^^^^^B 

HiTjl  tii-rvr*.  4t)«. 

Hy|MfniiL'lrii|]iii,  .^19;   Fig.  215;  A2I1.                          ^^^^| 

rnil  orKfinn  (li.  4K8. 

Hyprrtonii;  iHilutiiinK.  33.                                           ^^^^^H 

llvai  iinHluclion.  40,  402. 

MviKiva^tric  acnrix,  393,  Fin.  140:008,  iW.        ^^^^M 

iiiiiuiiiit  uf.  in  huiuAii  tifxly,  94. 

iryiKWAMinc  iilpxuo,  3D2,   !>%    I4S,  393,  094,    ^^^| 

Ill  (tlanilo.  4112. 

^^^^1 

in  niiwrlr-i,  4(12,  4.^0. 

nypottlownl  nm-r,  ffiX.                                             ^^^^H 

in  nervuiu  sy«icni,  402. 

Hyiioiiliyiw   ccrobri,   36";   •»   alio  PilufUay            ^^M 

tnBtKDwl  by  ati nt  of  fooil.  407. 

hiiii^,                                                                    ^^^^^M 

by  iDii-->CLilar  wtirk.  I  IB. 

|[vp<.il,iiil<?  Miliilii»i?>,  33-                                                         ^^^^^H 

by  H  limit)  HI  It  tit;  tcm[>pnktiifv,  114. 

Kypoxaiiiliiri,  71,  :U3,  372,  373,  413.                     ^^^^| 

ratio  uf,  lo  irxCrniitl  wurk  of  niuiielv,  440. 

^^^^H 

HmiI  r<>|{u]itlii>ii,  407, 

Iikao,  ilvfinition  of,  4J1,                                             ^^^^^| 

cMitrn.  fur.  4U8, 

fortiiarion  uf,  003.                                                    ^^^^^| 

<lUtutb:uic<4  to,  by  exUrpAtioa  of  thytoid. 

^^^H 

361. 

htuicw  in  vyv,  513  tn^i.,  5R0,  Fis.  MS.                   ^^^^| 

in  iliu  newborn,  409. 

in  optical  nyitriti,  .Sll,  t-'iipi.  3(18,  200,                ^^^^| 

tIeaL  wnwf,  4fi9;  an:'  aUo  Tfmpirittart  «rn*a- 

Itnljccility.  Ami,                                                                    ^^^^| 

lumn. 

Imbibition,  CApillory  and  niul«>cular,  3&3.             ^^^^H 

topoRra|ihicnl  tliMributinn  of.  460,  Fig.  183, 

hiiiiiunliy,  156.                                                            ^^^^H 

trnofK  Int.  in  lliip  ciml,  .W7. 

liinnitioti,  aLute  of,  IS3;  aw  aliHi  FaMinji.              ^^^^^H 

Ilmtapol^nn  T.  lit- nit  in,  458^459,  Mg.  1S2;461. 

1n<-iilriici-,  ttiittlrnr.  5(10,  Fig.  20H.                                        ^^| 

H^'Al  unitis  2n,  nolr. 

Incoordiaation   of   tTlo^-citlr[|tl■.   WIS:  we   abo     ^^^^H 

tleliutrupiFtm.  154. 

CiMnlinatii'n  of  morrmrttit,  Uxi*  of,                ^^^^^^M 

Hnllvr'*  tnl  for  pitilri'l,  60,  3S1. 

Invubation,  lilic-niliim  nf  i>vvr«mi  in,  27.                   ^^^^^| 

ilivniuiiblriipin,  HAS,  IWU. 

InctM  nf  miiUlli-  rar,  49.\  Vi^    197.                           ^^^H 

tIcniini»>piA,  6'>7. 

ArlifiMlation  of.  will*  ntalU-in,  496,  Fig.  198.             ^^M 

llftiiilenioD  nf  tbo  conl,  A97. 

liidican.  37U.                                                                          ^^M 

iliTniplttiin,  A40. 

lmliguHtiI}iliat(>  of  loiliuin,  •llmlaation  t4.  by     ^^^^| 

^  Ib'iiiKHx'tinn  i>t  Itii'  Mini.  A»5,  .VHI,  540, 

kiilDcys.  3HS.                                                    ^^^H 

f   llonii»plirr«74  of  tho  bmin,  OOn. 

Indol,  378,  379.                                                            ^^^^| 

HiMilcM  loop.  38&.  FJR.  144;  386. 

liidol  nucIiMLo  in  prutvid,  71.                                 ^^^^^| 

Hi-nri-*B  Ikw  of  itW>r|)iinTi  <it  giiM«,  334, 

Indoxyl,  379.                                                                ^^^^| 

Ili>pati>*|iancrr'a»  <>[  ■•n)KK),  'J44,  Vcfi.  99. 

liiduxyl^ulplitiric  Bciiil,  379.                                          ^^^^^^| 

HpritigS  llii-ory  of  cil«r  vUinn.  A44,  A4<S. 

«m1.  419,  42U,  >')(.  1A8.                           ^^^^| 

Hfrninim's  thi?ory  of  luunial  cutkhi,  4S. 

eurrrai*.  426.                                                           ^^^^^| 

ll<7ti-rv«]biimD>o,  340. 

•hofk.,  423,  423-                                                      ^^^H 

K        fiXHl  vBliionf.  KM. 

ktiuiulntiuu  uf  uiiuclm  and  nervM  by,  418,            ^^H 

^B  llt-viHwrs.  oociirrpiKi-  at,  90. 

423,  FiK-  ina                                           ^^^H 

H  Iltnill>r»in,  or  rhomcnrrphklon,  BOO,  601, 

unipittnr  pfftvta  of,  43*),  Kig.  tCS.                      ^^^^| 

W       tvcundury,  or  nifiriK-ci'tialon.  600,  601. 

InfunilibHluiri,  itOO.                                                     ^^^^| 

Ilippurie  kcid,  155.  37K,  3S3. 

[iifuMirta,  thpinolKxin  uf,  A5.                                        ^^^^^H 

IliKlHlin.  72.  2&R. 

fCrot&xia  iif.  M.                                                              ^^^^^H 

K   Hintntofie*]  nirlhodi!,  4. 

inCMtion  of  fuwl  in,  l>y  ciliAry  artian,  37.              ^^| 

f   Illflmw,  77, 

ovnotiv  rvtaiionn  in,  34.                                           ^^^^H 

lliunncpniric  btimlJp  of  li|(lit  ntyv,  .123,  nota. 

InffOBta,  d«t«nniikai.ia»  of,  in  iiirtalMilitfn,  83.      ^^^^^H 

Ilonioi'if  l>i-nni>ii>i  oiiiiitaU.  40,  308,  404,  442. 

IngMtion  of  fiwil  by  Hpiitcntur}-  uryaninn,  90,    ^^^^H 

^t  llytOopliL'Mn.  19. 

311,  Fir-  21 :  37.                                                         ^H 

H  llyilnihilirubtn,  3.Vt. 

InfMlinn  nf  fnrviini  tiu>li4^  by  leucocytes,  37.      ^^^^H 

H  lIy<in>ctilori<^  voi'l,  action  fif,  on  |>lyalin,  346. 

Inhibition,  dvflmtion  vt,  30.                                  ^^^^H 

^^       sniiM-fiiic  prnporilr*  u(,  392. 

Hiiriclo.  inct.                                                                ^^^^1 

^B        tallurnM  of.  uii  lr>-p<ic  digvation.  294. 

rt'ntnvl  vt-itu.  189.                                                   ^^^^^^| 

^^      of  g>«the  Juioe,  347. 
1 

of  mujtclai,  ftntagoniatiio,  640.                           ^^^^^| 
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Inhibition  ol  reSexes,  577. 

of  ventriclp,  189. 
Inhibitory  centers,  579. 
Inhibitory  nervea,  564, 

of  gtwtric  glands,  263. 

of  intestinal  glands,  276, 

of  intestin&l  movemenU,  288,  289,  290, 

of  heart,  188  seq, 
centers  for,  195. 
course  of,  191,  Fig.  67;  681, 

of  pancreaa,  269. 

of  stomach  musculature,  284. 
Inoculation,  protective,  29, 
Inorganic  foodstuffs,  83. 
Inorganic  substances,  see  Mineral  eub»tanee*. 

absorption  of,  139,  307. 

of  blood.  154. 

of  diet,  139, 

of  food,  83. 

of  milk,  702, 

of  urine,  384. 
Inotropic  effect  of  vagus  on  heart,  189. 
Inosinic  acid,  413. 
Inosit,  413. 
lodin,  amount  of,  in  blood  of  dog,  351. 

as  constituent  of  thyroid  gland,  26,  362. 
lodothyrin,  362, 
Ions,  dissociation  of,  33. 

permeability  of  tells  to,  34,  35, 

relation  of,  to  sense  of  taste,  485. 

stimulating  effects  of,  53, 
Insensible  perspiration,  397. 
Inspiration,    influence    of,    on    arterial    blood 
pressure,  229. 

pressure  charigen  in  air  pas!<age8  in,  321, 
in  thoracic  cavity  in,  312. 
Inspiratory  niiisHe.i.  315,  316. 
In-<ula,  sec  lalitnd  of  Reil. 
Inlercellular  bridges,  62,  Fig.  36. 
Intercostal  miisclus,  315.  324. 
Interference  of  sound  waves,  501. 
Intermediary  nij-elogenetic  regions  of  the  cor- 
tex, R67. 
Internal  capsule,  motor  fibers  in,  637,  Fig.  287; 

647,  FiK.  292, 
Internal  secretion,  definition  of,  356. 

of  adrenal  bodies,  364, 

of  IcidnevH,  367. 

of  ovaries,  358. 

of  pancrran.  362. 

iif  pituitary  luxly.  367, 

of  spleen,  3R8. 

of  testes.  357. 

of  thyroid,  358. 
Interrupter,  automatic,  of  induction  coil,  421. 

F1(t.  159;  422,  Fig,  160, 
laterayatole,  170,  Fig.  57;  174. 
Intoxieatlon,  80. 
Tnc  >i)  guglioD  cdla,  186, 


Intracardial  pressure,  169,  Fig.  56, 
Intracranial  pressure,  678, 
Intrathoracic  pressure,  310, 
data  for,  in  man,  312. 
demonstration  of,  311,  Fig.  120, 
methods  for  determining,  311 
Intrauterine  pressure,  698,  699. 
Intravascular  clotting.  150;  see  alfui  Coagvlcr 

tion. 
In%'ersian  of  disaccharides,  81. 
Intestinal  epithelium   and   absorption  of  fat, 

304,  Fig.  118. 
Intestinal  Tistulie,  243,  295, 
Intestinal  gases,  295, 
Int«stinal  glands,  276. 
Intestinal  juice,  255. 
Intestinal  movements,  286,  288, 
Intestinal  putrefaction,  297,  298, 
Intestine,  large,  alisorptian  in,  302 
digestion  in,  277,  298. 
extirpation  of,  208. 
innervation  of.  280,  290. 
movements  of.  289. 
small,  absorption  in,  302  seq. 
digestion  in,  294. 
extirpation  of,  298. 
innervation  of.  288. 
movements  of,  286. 
Iris,  527. 

innervation  of,  528. 

movements  of,  induced  from  cortei,  658. 
protrusion  of,  in  accommodation,  531,  Fig- 
226. 
Iron,  absorption  of,  307. 
elimination  of,  3(IS. 
in  clilorophyll.  24. 
in  hu'mogl<ibin.  152. 
in  red  blood  corpuscles,  26. 
Irritnbility,  detinition  of,  50. 

of  nerve-',  410. 
Mand  of  Reil,  6.55.  662,  Fig.  296:  66R. 
Isobutyl-araino-acetic  acid.  70. 
Isodynnmie  (juantities  of  fooiLslufT.-',  93. 
Isolactose.  39. 

IsolaUni  coniiuelion  in  nerves,  411. 
Isomaltose,  246,  383. 
Isometric  contractions,  414. 
Isotonic  contractions.  415. 
Isotonic  solutions,  32. 
Istlimus,  rhombenccphali,  600. 

Jaw,    lower    movements    of.     in    maHticalion. 
278. 
in  .Hill-king,  279. 
.lecorin,  79. 
Jennings'  theory  of  animal  behavior.  55. 

Keratin.  77. 

percentage  composition  of,  82. 
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Kitinry  ^xtra^1,    cAoct   of  injcotii^,  intntvo 

inwly.  3I1S. 
Kiiliicy*.  bloutl  Hujiplv  la.  .iJtA.  Fie.  14-t. 

effi-cl  of  rvcnuvKl  of,  3*17,  .TflU 

inl«m*l  •«Trtio(i  (Tt  of,  3ft7, 

Iiibiilrti  of.  386,  FiK.  144. 

VKMitnnlor  mtvm  of.  238.  23S. 

vulumo  o(  bloQti  fluu-  iljrouKh,  240. 
"Kli)|)fi.-*rnin?li,"  ."(78. 
Kn«^-je^l(.  587. 
KyiDflcrftph,  6,  Hit.  I ;  7. 

Utng  papr>r,  10. 

Ubor.  nwt. 

L»bur  tmiif.  W*».  Tia.  3()3;  n<>0,  Ttii.  303. 
ljihi)n>r<*  nttiotu.  Ml. 

L*byrii>th,    ini'inbritnoii*,    oNtirpatiun    <i(.    in 
pigo<>i\,  -176.  fifiii.  1K7.  iwi,  laa-.h^Aiio 

SriHicimilur  eanvU,  Coehleti,  Otolith  >««. 
Ijici-altniiiiiu,  7(11. 

LActAtion  TwricKl,  703. 

Ijwi-Klabulii>,  7l>l. 

LHt-lIr  arid.  ]&5.  297,  373,  374.  376,  434,  447. 

I-arioM^,  HI. 

LoitMiu,  473.  475. 

Uk«l  liloo.j,  lao. 

LamftVf'-*,  4S. 

LangiiAgt-  f«rti1tiM>,  HHI. 

nBoclM  hy  IrBiorui  in  rort*ix,  063,  064. 

Iiuw  np<|uin?il.  (Wl.  603. 

rw^vwry  uf,  nfit-r  k-iiuiM  iii  ourtvx,  065i. 
Laiuilin.  H1>.  2!ia. 
I.arynicml  niii3<rln>.  .102. 

LaryiiK'-nl   tirrvt*,  itircrior,  motor  for  UryoK. 
324,  681. 

«up^or.  681. 

ttiHiwnoG  at,  on   rtwpiratary  toovcmcniA, 

330. 
motor  for  larynx,  324,  JUH. 
LftrynppMeopc.  riU4. 
LMTDgMCopio  piotun,  fitH,  Klg.  303;  fi(15.  Fig. 

2t)3. 
larynx,  STO. 

«>ntrwl  tif.  hy  cvrfbral  rortp.v,  (MO,  RSO. 
Lab^ut  p^oat  of  nitiimrtinrui  iiKlucrd  (ram 
evrtex.  B33.  Fir.  J83. 

of  mntor  nnrt'''  enriincK,  419- 

of  muaclp.  415,  416,  424. 
Lal^^ral  cn{tinin«  of  the  cord.  562.  Fig.  261. 
LbUtbI  lM>rn  of  Uii.-  n>nl.  AOi,  Kift-  354. 
L«lnml    prmnirv.    203,    223;   «*    iiWt    JHaorf 

t.«i«liiii|:.  321. 

I.m>1lkln,  chctnirAl  tikiiirf  of.  7S. 

•4pptivf  nolvrnl  i»o»vrr  of.  34. 

pi^rf^ttMii*  rf>iiipoMtU>n  (if,  82. 
LcMlhin-albuinin",  79. 


Lrrch  r\crftct.  150,  3.51. 

Larinutior«p,  root  tubvretM  of,  23,  Fif:  18;  24. 

Lrmntt  tri/rula,  42,  Tiji.  25. 

Lrpitiptanti.  04,  iioU;. 

l.fiitoni>  of  rrrrlM-lluin,  5nH. 

of  coronA  ruilialA.  647.  663. 

of  frontnl  oiwndktton  cfotrr,  WA. 

of  tiiiilbniin,  (113. 

of  motor  nirlax.  64A,  64(1.  WW,  Q6I. 

of  pintTior  H«ueiktion  ■.-rnirr,  COO. 

of  M-[L4cirf  <M>nex,  6i)0.  6S3,  GS3. 

of  H|i«M-h  irnci.  663,  604,  OGS. 

o(  •piiuil  ronl,  A05. 

of  ti-mportil  ronvoliiUoni*,  6G&. 

of  'tweenbr*ii>,  617. 
Uuffiii.  70,  72,  240.  255.  370.  374,  384. 
L«-unocyt™,  chimiotaxia  of,  .M. 

formation  of.  363. 

iagntioa  at  forrl^n  botlin  by,  37.  Kig.  22. 

mDWinnitM  of,  flvuvribi^l,  42,  43,  Fiic.  27. 

pnrlielpallou  of,  iu  abaoriMioii  of  )>niir4fl  (?), 
31)6. 

pxrmi-dhility  nf.  to  varioun  •olotiomi,  33. 

pliaipii-yiiii  funetlou  uf,  37. 
Lvucouiiuue^  21>6. 
Levfttor  Bnl,  2nn. 
Lwstoran  coKtnrum,  31ft. 
LwvT,  ireonlinu.  6,  Fig.  1 ;  7. 
LnniloM-,  hrhmrior  of,  io  iliubnlMi,  363. 

proj>ertl«  of,  Sit. 

•ouroe  of  jjtlycop'n.  127. 
LfvbwfcObn,  |tlttn<l«  of,  276,  277 

LirtiigN  fUnuliraliun  wt  foiKlml ulTii,  III. 

Lif^t,  ociion  of,  (in  iru,  627,  628. 
on  relino.  537. 

niixlifivatiorvi  of,  641. 

ptiraical  *>bii"»-  of,  .W6. 

Iitiyoiuto^i'-iil  muip  of.  4.M. 

proilurttott  of.  by  llvlnic  rHl*.  46. 

•liioiilittiDii  by  mv«n*  of,  M. 
I.ighl  rmyii  uf  iiolAr  i<p««irum,  536. 
Light  ray<i,  rvUlioti  of.  lu  orgiui  uf  t-iaion.  Ml. 
LingunI  nerve  m  KWrrloTy  iMyv«,  267. 

MA  vMoniolor  nerw.  234. 
I.ipidyiic  MicrmpH,  243. 

in  (iKiirrratio  jiticr,  263. 

In  siomMch.  2SX>. 
Li()uor  folUciiljiri*,  OSS. 
Luting's  BchotnaUc  vyv,   311,   513,   F^.    21Cl; 

6IS. 
Liver,  hlooif  mpply  lo.  373,  274. 

vxch*-iuii  of,  fnmi  rirriiUlion,  227,  374.  371. 

tixlirpnlton  of,  ill  birdi,  371 

Klyooiti>n  formal  ion  Jli,  376. 

rrgKuemioii  of,  66. 

tttfOaAu  of  dreuUition  by,  207,  227. 

•Mrvtfaw  in,  372. 

■njtnr  tortnalion  in,  37A. 

urea  fommtion  to.  371. 


734 


INDEX 


Living  substance,  15;  see  also  Pmloplatm. 

beha\-ior  of,  in  metabolism,  135,  137. 

constitution  of,  20. 

fonn  of,  15. 

impetus  to  formation  of,  63,  64,  note. 
Load,  effect  of,  on  performance  of  muscle,  436, 

446,  449. 
Lobule,  paracentral,  638,  639,  Fig.  290;  662. 
Localization,  in  retina,  518. 

in  skin,  463. 

of  temperature  sense,  464. 

power  of,  affected  by  different  conditiona, 
464. 
Local  sign,  463, 

Locomotor  movements,  control  of,  by  spinal 
cord,  586. 

in  decapitated  animals,  587. 
Lophiua  pixcatnriuA,  572. 
Loudness  of  sound,  489. 
Ludwig'.s  air  punip,  334,  Fig.  130. 
Lumbar  nerves,  innervation  of  urinary  bladder 

by,  392,  Fig.  145. 
Lung  catheter,  341,  Fig.  133. 
Lungs,  see  Respiration  and  Respiratory  move- 
ments. 

circulation  in,  227. 

elasticity  of,  310. 

exchange  of  air  in,  319. 

means  of  protection  for,  323,  330. 

noxious  air  space  in,  320. 

vasomotor  nerves  of,  233,  235. 

vital  capacity  of,  320. 
Lutefn,  695. 
Lutein  cells,  695. 
Lym[)li,  chemical  properties  of,  347. 

composition  of,  348. 

definition  of,  347. 

formation  of,  349. 

filtration  theory,  349,  350. 
secretion  theory,  350, 

gasei<  in,  .348. 

medium  for  tis.aup  cells,  30, 

movementi  of,  348. 

quantity  of.  formed  in  24  hra.,  348. 
Lymph  glandri,  352. 
L>^n|>h  hearts  of  amphibia,  349. 
Lymph  ve.ssel.-=,  contractions  of,  349. 

valvfs  of,  .^49. 
Lymphocytes,  ]."i3. 
LymphiipDRif  -ul)sl iitices,  3.52, 
L>Tiii>h-pro<liiciuE  substaiice.s,  350,  351. 
I.ysin,  70,  72,  249. 

Macular  acasticu',  47.i. 

Magenilie'.-j  doi'triin',  -'iri.'j. 

Magnesium,  al)>orptioii  and  excretion  of,   133. 

in  Imzies,  '2t>. 
Magm'sium   Milts,   edfct    nf,   on   (^iliury   move- 
mriils,  25. 


Hagneraum  salts,  importance  of,  in  plants,  24. 

Malaplerunis,  50. 

Male  sexual  organs,  691. 

Malic  acid,  54. 

Malleus  of  middle  ear,  494,  Fig.  106;  495. 

articulation  of,  witb  incus,  496,  Fig.  198. 
Malonic  acid,  377. 
Malpighian  corpuscle,  386. 
Malt  sugar,  81 ;  see  also  MaUoae. 
Maltase,  246,  251. 
Maltose,  81. 

action  of  reversible  ensyme  on,  39. 
Mammary  glands,  703. 

fat  in,  705. 

inne^^•ation  of,  704. 

morphological  changes  in,  704. 
Mannite,  80. 
Mannoue,  80. 
Manometer,  elastic,  0,  Fig.  5. 

in  determination  of  blood  pressure,  202. 

mercury,  8,  Fig.  3. 
Marginal  gyrus,  634. 

Mariotte's  experiment,  515,  516,  fig.  212. 
Marrow,  red,  of  bones,  150. 
Marsh  gas,  295. 
Mastication,  278. 
Maturity,  period  of,  706. 

sexual,  692,  696. 
Maxwell '.s  disks,  542. 
Meals.  83. 

Meat  a.s  article  of  food,  145;  see  also  PmUU, 
Mechanical  stimulation,  56. 

of  cortex,  633. 

of  nerves,  418. 
Medulla  oblongata,  or  bulb,  600,  6<B. 

canliac  centers  in,  195. 

funelions  controlled  by,  604. 

importance  of,  604. 

nuclei  of  cranial  nerves  in,  603,  Fig.  269. 

respiratory  center  in,  32,5. 

transverw  section  of.  602,  Fig,  268. 

various  centers  in,  602,  603,  Fig.  269. 

vasomotor  centers  in,  238. 

vomiting  center  in,  286. 
Meissner's  plexus,  288,  687. 

Membrane,  animal,  osmotic  properties  of.  32. 
3.52. 

basilar,  of  organ  of  Corti,  499.  SOU.  Fig.  199. 

of  cells  in  general,  16. 

of  plant  cells,  21,  Fig,  16. 

Rcmi])ermeable,  31. 
Memory,  seat  of,  671. 

Memon,-  pictures,  660,  663,  665,  669,  671. 
Menstruation,  cause  of,  697. 

cosmic  phenomena  and,  62. 

description  of,  696. 

physiological  significance  of.  697. 
Mental  work,  influence  of,  on  fatigue,  446,  6T6. 
Mesencephalon,  600,  613. 


^^^^^^^^^^M^V^                                 ^^^^^m                 H 

■          Me*oearpiia  *fnlari».  U,  Fig.  31. 

MiUon's  rfwtion,  73.                                        ^^^^H 

Mir»oporpliythi,  152. 

Mind  blinancw,  000,  570.                                 ^^^H 

Mfvnxnlir  niriil,  377. 

.Mind,  miH^limiio  of,  170,  073.                             ^^^H 

Mi-tulMiltc  iinxliirl*,  K4. 

Minernl  m.ilMtftDr'm.  itrr  litar^aic  €iA*tanet».         ^^| 

iuHiit'iicr  at.  on  orgratiB,  3.%. 

shsorptiDD  of,  lim,  3117.                                    ^^^^H 

miioxfil  of.  by  niMiwnEr,  444. 

til  ynjiiK  nriiniftU  nnil  milk.  702.                   ^^^^^| 

Metaboluni  atlvr  (■xlirpntJon  ot  pancrou,  363. 

n^uirt^l  by  tuiitnain,  2-^,  20.                            ^^^^H 

of  thyroid.  300, 

by  planlM.  24.                                                                ^^| 

ofttT  Eiwilinit  Ihyriiid  pxtrwrl,  361. 

Miiiiiiitil  air,  32<).                                                    ^^^^| 

MrtnbnlinTi).  (iffinitiiin  til,  K3. 

^llnimnl  rt^ulrt-iueniH  nf  food,  S5.                     ^^^^^| 

effect  of  cutniion  on,  S-IT,  3fiS. 

pnju-iit,  124.                                                  ^^^^1 

»K|wriiiii*iic  ill,  i-iiHtii|i1t*  'if,  01,  92. 

Minimttl  DrimiiliM,  SI.                                                ^^^^^| 

in  illfFrTciiL  (trgiuui,  4U2. 

Milnil  valve,  105.                                                   ^^^^H 

in  fiviriDR,  05. 

MoikJitiM  of  sFBit&tiou,  4.i3.                                          ^H 

inniH-iicv  of  MKL'  on,  119,  130. 

MoJi.-rntv   worker,    uutrilive   rc<|UirMncnU   of,        ^H 

ttl  fnoil  on,  08. 

H 

of  taii»cultt.r  work  an,  110, 

Mollorh'fl  mkclion.  73.                                               ^^| 

nf  ids«  of  IvKty  on,  1 17. 

Moniunino  neid*.  70.                                                     ^^H 

of  Ivmpvr&tiirr  mi.  114. 

Moiinlcow'ii  bundle  \a  Uie  conl,  AU3,  506.          ^^^^H 

inlpnnedlar>',  373,  37fi,  377. 

HanoMM<rhiirklp«,  80.                                             ^^^^H 

in  iLe  yuuiig,  IIS,  119. 

p^rtmtn^  compuHtion  of,  83.                        ^^^^^| 

nictliniU  of,  S3  mh). 

Moral  ^iipiiAcuitc  of  ocfvbml  xtmevKtem.  672.         ^^| 

of  KibiimoMM.  106. 

M<>n>)tii>j4in,  30.                                                               ^^1 

nralculiol,  110. 

Mnri>LnIaKi(ml     cliutma^     iluting     ttptivlly     of         ^^| 

of  ii»|mra)ciii,  tlO, 

(Eiwlritf  glands.  2((H.                                             ^H 

nt  rftrbo-liyitmK^,  lUfi, 

nf  hpp«ii>pancrm«  of  Imp^hI,  344.  Viig.  OQ.          ^^^ 

of  wllulow.  1 10. 

uf  iiKflslinitl  kIui'I*.  377.  Fir.  111.                ^^^^H 

nf  fat,  104. 

pf  nianimnry  HliiniU    704.                                    ^^^^^H 

uf  fmty  ftcitliv  IIW. 

liorvi-                                                                       ^^^^^1 

Ill  |[«lntin,  109. 

of  pftDPiva^.  272,  Fir.  KlU.                              ^^^^| 

of  it<^liitin-fonninKmibt>ttino«v,  1U9, 

of  rptiiitt.  &37,  538,  l-'ic  232.                           ^^^^| 

(if  tfr|>ii>nei>,  108. 

of  Htlivuy  rIjuuI*.  200,  Fiit.   100;  Ml,  f1|t.        ^| 

of  pmimil,  102. 

^1 

tlifuriM  of.  1M  aeq. 

>intility.  foniM  uf,  43.                                                          ^H 

Mctiu'MeiD,  2ia. 

Mouir  ApliiuiA,  663.                                                        ^H 

MctoJlio  twttf,  4S4. 

M«^(haUniu>,  fUlQ. 

laenlitation.                                                                  ^H 

MvtriHvpliftlon,  (ItlO. 

ft<-tiun  on.  t>y  irili^r  Arrwi.  fleu,  061                             ^^ 

SlettucnioKtobiii,  IM. 

conniwtluQ  (if,  Willi  lunutr  nerv»,  504.  Fif.       ^H 

M»Hhyl-Rlypo.*yim«ini<l,  3*2 

360:047.                                                               ^H 

Mi>ttiy(>iBiilnl>junin'i>>*(W)c  nricI,  71. 

tlvvrJopmcnt  of,  1148.                                          ^^^^H 

^I>i-t)iyL  nicroi>|>tAit,  39S. 

r^tirpAtion  of.  in  monkry,  M4.                     ^^^^^| 

Mi^ttiratlun,  dlH>. 

finer  inovrmrou  drpFodcDt  on,  044.            ^^^^^| 

i-cnlpr  for.  393,  ~W«. 

in  human  brain,  04-?.                                        ^^^^^H 

Miflhrnin,  (MtO,  fllS, 

|i«yc)i(^pliy<iral  iiiRniriennF*  nf,  890.              ^^^^^H 

■              initkOTtniin-  itf,  in  fi»lif»,  61D. 

iitiinulaltnu  nf.  HOI,  Ml.  032.  033.                 ^^^H 

■                in  tiinlM.  ti31. 

dirrcl  and  cniMHMl  elfrcia  of,  MU:              ^^^^H 

■           MifUllc  <^,  464. 

ropprmsion  of,  in  du^.  043.                           ^^^^^| 

^         Milk.  7rK). 

TTcovcry  of  fiitiotioiio  after,  MS.                 ^^^^^| 

^B             riiimiilAlion  (if.  250. 

Miilor  nrrvi-s.  .564,                                                         ^^H 

^L            rompomtion  of.  70],  703. 

Motor  nvponiw  in  /'tmnniKJiiin,  54,  Fis-  VI.         ^^| 

^1            vlTwt   of,    on    prdjN^M    of    Kiatric   jum^ 

Motor  MiMttitinA,  400.                                                   ^^| 

^                     385. 

arrnw  of,  in  corttx,  6A2.                                                  ^^| 

Mvrvtiun  nf,  ;ai 

i-(inductlnit  tractaol,  fnan  (HirKw  tnmnl.  M7.        ^^ 

infliwncr  of  «f  r\-i*  on,  7U4. 

in  \Ut  eurd.  fl06.                                                     ^H 

n«chiuiiMn  of,  7iH. 

phyilola^aU  alciufleuiM)  of,  472.                        ^H 

i|itiuiiily  ol,  TikS. 

Motor  ■Mwv.  402.                                                            ^H 

Hilk  MigNr,  HI ;  are  alao  LaHom. 

Mi>t(>r  apanal  nprrci,  distHl>uUiUi  of,  flS3.  tA^       ^H 

oripn  of,  7Wi. 

Holor  •uDe  of  cortex,  684-                                      ^^k 
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Mouth,  digestion  in,  290. 

twctioru  of  flcMr  of,  281,  Fig.  112. 
Mouth  i^avity,  rloaure  uf,  in  sucking,  279. 
Movements,  active,  perception  of,  471. 
associat«(l,  473. 
coordination  of,  473. 
passive,  j>orception  of,  469. 
voluntary,  449. 

how  acquired,  450. 

regulation  of,  472. 
Movements  of  abdominal  organs  in  respiration, 
316,  Fig.  125. 
of  alimentary  canal,  278. 
of  diaphragm,  316,  Fig.  125. 
of  elementary  organisms,  42. 
of  eyes,  549 ;  see  Eye  movemenU. 
ol  luteMtine,  286. 
of  larynx,  in  deglutition,  281. 

in  respiration,  312. 

in  vocalization,  503. 
of  cerK>phagus,  279. 
of  ribs,  314. 
of  stomach,  283. 

of  vocal  cords,  in  respiration,  312,  504,  Fig. 
202. 

in  vocalization,  .503,  Figs.  200,  201 ;  505. 
Muscle,  cross-striated,  functions  of,  410. 

absolute  power  of,  438. 

action  currents  in,  48,  431. 

afferent  nerves  of,  reflexes  through,  470. 

blood  supply  to,  240,  449. 

central  innervation  of,  440. 

chemical  changes  in,  due  to  activity,  434. 

chemistry  of.  413. 

curves  of,  7,  414,  415,  417;  see  also  under 
Ctin-fs. 

dt^eneratinn  of,  448. 

effeet  of  veratrin  on.  437,  Fig.  175. 

ela-«ticily  of,  412.  Fig.  150;  413.  Fig.  152. 

electrical  plienumena  of,  47,  431. 

fatigue  of,  441  soq. 

general  prc)i>ertii'7i  of,  410. 

glyoBcii  in,  SI.  12."i,  .374.  413. 

heat  fi>rmaliim  in.  4112.  404,  439. 

latent  i>oriocl  of.  415.  Fig.  154;  416. 

meciiaiiicnl  work  of,  4.35,   Fig.  172. 

niu,«ical  lone  priMluctil  by  contraction  of, 
434. 

piTiiieiiliility  iif.  to  sohilion^'.  34. 

piil:ir  law-  of  cxcitiitioN  of,  42S. 

PfiiiKiT's  law  nf  I'cmtrarlion  of.  42.3. 

ri'liitiim  of,  til  other  organ.",  44-S, 

red  and  white,  cniripariMHi  of.  416. 

rigor  iif.  447. 

siRn-  of  aotiviiy  in,  431. 

simple  ootitriictioii  of,  41"i;  ."^ec  also  Con- 
tr,irli-ii. 

stiioiilrttiuri  nf,  414. 

suiuniutiiin  in,  4ir),  429. 


Muscle,  cross-striated,  tetanus  of,  429,  Fig.  166; 
430,  Fig.  167;  433;  aee  also  Tttanu*. 
tonus  of,  demonstration  of,  581. 
variations  in  tension  of,  414,  Fig.  153. 
voluntary-  contractions  of,  430. 
work  done  by  single  contraction  of,  435. 
work  done  in  tetanus  of,  439. 
smooth,  general  physiology  of,  447. 
Muscles,  see  under  individual  names, 
skeletal,  afferent  nerves  of,  470. 
niotor  ner\'e»  of,  682. 
tonus  of  affected  by  removal  of  semicir- 
cular canals,  477. 
Muscular  sen-sc,  469 ;  see  also  Motor  genratitint, 

cortical  area  of.  fl52. 
Muscular  work,  COi  production  in,  112. 
central  ner^-ous  system  and,  448. 
destruction  of  nonnitrogeooua  substances  in, 
U2. 
of  proteid  in.  111. 
effect  of,  on  circulation,  440. 
on  digestion  in  stomach,  293. 
on  formation  of  living  substance,  63. 
on  heart  beat,  197. 
on  respiration.  318. 
in  tetanus,  439, 

niaximum  capacity  for,  in  Dutn,  447. 
metabolism  in,  110. 
ratio  of,    to    heat    production    in    muscles, 

440. 
regulation  of,  by  muscles  tbeatsdves,  437, 
439. 
Masical  agraphia,  665. 
Musical  aphasia,  665. 
Mu.«ical  faculties.  665. 
Musical  tone,  489. 
Mucin,  245. 

conipo.«ition  of,  82. 
in  bile,  2.53. 
in  saliva.  245. 
Mucin.",  74. 
Mucoid:^,  74. 
Mucou.s  glands,  245. 

morphological  changes  in,  262,  Fig.  102. 
Myt'lencephidon,  600,  602. 
Myel<^enetic    area",     of    cerebrum,    664>.    Fig. 

21)7 ;  667,  Fig.  298. 
Mylohyoid  muscles,  importance  of.  in  degluti- 

titm,  280. 
Myochronie,  414. 
Myogen,  413. 
Myogram.  S. 

Myopia.  51!i.  Fig.  215,  520. 
Myoiin,  413. 
Myosinopen,  413. 
Myri.-'tinic  acid,  701. 
Myxcedema.  3.W. 

MyMi-ileniatous  woman,  359,  Fig.  137, 
M'l-xomycetes,  27. 
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N:0  ntto  in  fa>n»,  00. 

Hervn,  ta\igw  of,  442.  443.                                  ^^^ 

in  protcid.  03. 

g^-ncr&l  profH-rtici  uf,  41[>,  411.                       ^^^H 

ill  urini',  00. 

li<Ml  produutiun  iu,  103.                                        ^^^^| 

NMcotiiri",  ptifoHiloftiral  pfTppt  of,  85. 

inhibitury,  1S8.                                                    ^^^H 

NkwI  brrtttlitn)c  cucniiunxl  »it1i  tnij'ijth  brc*Ut- 

intcri^Mtal.  1124.                                                   ^^^H 

Hig.  :i£i. 

Lnvilalfsl  rondiidlnn  in,  411.                              ^^^^| 

NMal  cavity,  clnnrtl  in  ownllowing,  281. 

nwchanirnl  ntiiniUation  nf,  418.                      ^^^^| 

rUnwil  Id  votoituut,  3M. 

tnutur,  <rf  btiKl<<cr,  31^3.                                    j^^^J 

N«tivf  prutt^idH,  73. 

(ifittiiinnrli,  284,  rig.  It ■!;•«« aha SI(nvhm^^^^^| 

N«liin>,  limit*  of  knciwIwlKr  nf,  4A2. 

of  Ibruat.  2H2.  Fig.  113.                                   ^^^| 

Nf^Altve  pnwiiirp  in  llinrKX.  310. 

polar  Ian:  nf  •'xoilalion  nf,  424.                        ^^^^| 

Ki<Ktttiv^  ^-uriaiKm,  433. 

PflOjtw'B  law  of  C9titimction  of,  50. 433.         ^^H 

N«w\T   niHliicrii*,    •■ic,    «■«    untliv    individual 

pnMtiuiIng,  102,                                                     ^^^H 

njimp*. 

pulmonary,  RKl.                                                  ^^^^M 

Xervc  «fIU.  wntral  ranctioiw  at.  JMMt,  6S2. 

nt*  of  lran<MniMion  in,  417,  418.                    ^^^H 

drpMwIrnci-  of,  on  blood  supply,  572. 

eieiui  of  ttclivlty  li;,  431.                                    ^^^| 

mode  of  mwliun  of,  570. 

t>l»pinl,  p]iy>iuloiti'  nf,  SSO.                              ^^^^| 

nit>rpluilii|iral  rliiuiKni  in,  374 

■IK^Fir  rnapiitijiiB  u(,  411.                                       ^^^^^| 

uutritirr  ruiicliuEiit  of,  &07. 

t|Miin1.  ltS.2.                                                                 ^^^1 

^^K  phyiiioliicinU  -itimuli  of.  5(t0. 

stimuUtinu  nf,  by  inilueiion  eurrcnU^  42B|       V 

I^^P  phynivliiKy  of,  5&0  iicti. 

Fis.  I»3.                                                          M 

P          i«icnii«-rnlion  and  reproduction  of,  574. 

in  ami  nf  inait,  427,  Fig.  164.                               H 

f           rliythm  uf  iliiwli&rgt.-  <>(.  A72. 

i>yinfHitli)^lir,  085.                                                       ^^^H 

N*n-i-  «'0l«'».  ffttigii^  of.  67fi,  flTR 

trnphif?,  660.                                                         ^^^| 

in  vpliuil  cord,  5S5;  sk  nlvo  .Sjn'no/  rvrrf. 

voBucoti-iuiclor,  331,  983,  681,  685.                ^^^| 

in    tnnlulln.   nblotiiptrii,  AOS;    llg.  200;  wo 

%-uwMlitaiar.  73R,  284,  440,  ARl,  AA5.              ^^H 

aloo   untk-r  individual  natucn. 

Ncrvi  i>rigri>U«i.  303.  «8S,  003,  604.  700i           ^^H 

Nerve  ecullnga.  of  pun  tt^rrvi^  467,  4A8. 

NcrrouH  -lyBicni,  31.                                               ^^^^| 

of  prawurc  n«rv«H,  4AI,  AM. 

cvniral,  550                                                          ^^^| 

aJ  twrnprrattirD  ■pnH',  4nt,  461*. 

dl«cl  of  itifTnfPiit  pi>i*iin«  on,  574.                    ^^^^| 

Narvp  flbvrx,  ftuioclilbiinou*.  S7R. 

dvnwnlnl  ■Irii'^iin-  of,  ■iimiiiary,  561.            ^^^^H 

Butonnmic,  BSn. 

tnl!u(-n(f  uf  lliyruid  on.  3AU.                                ^^^^| 

drf[r^rmlion  in,  Sfl7. 

^^^H 

oriititi  <ti,  from  nerve  cells,  MB. 

■rernvTiIalion  uf,  575.                                              ^^^^| 

1 |)liyriiuliigi>nt1    diff^n-iioM"    bplirewn    tUToivnt 

■yniiMitJ>)>tic  or  nuloiuMiii<i,  606.                         ^^^^| 

^^^L           and  cfTcrt-Eit.  5fi*>. 

NrLwnrk.    inimci-tlular.    of    nrrw   eella,    660,^^^| 

^^P  |>rv-4kn|l1iaivii-  and  poat-itangl ionic,  dB6,  OK?. 

Fl«.  352.                                                                 M 

rtifpncfsiiiin  of,  .W4. 

P«n>rll.ilnr.  „t  r„Jj(i,  561,  Fig.  353.                         ■ 

Nervi*  Kbril"  ut  condnclinK  <>1t>mc>nta,  SftO,  ASS. 

Nrum-fibriU,  .WO,  ."W-V                                                 ^^^ 

Nrn'c    impuUr,    rat*-    of    trnnatnimon    of,   in 

Nmirun  ilicory.  550.                                               ^^^H 

niulur  nervw  nf  lutver  uuioaK  417,  Fig. 

Netimnn,  .VM.                                                   ^^^H 

1                   l». 

Nvnm|)ilc,  560.  -Ml.                                               ^^H 

P              in  molor  nnrvm  at  man,  418. 

.Vvwbnni,  pirriiHl  of,  7f>6.                                       ^^^^| 

in  spina]  mnl,  589. 

wpigbt  of.  706,  7l»7.                                              ^^W 

Xcn-c  proccw**',  MO. 

Nioolin,  UH  of,  in  tmoni  Ranctioiiie  oonoco-        M 

Nm-viw,  actwiwrfttwr,  101,  «88. 

UonK.563.                                                        ■ 

Bclio[|  iiirrputB  III,  48,  431. 

in  trarioit  rasu*  fllwn,  100,  101.                      ^^^ 

■(Tr^rDt.  .564,  -VIS. 

Nilrl(Mitiilr  ha-lnnglolMii,  152.                                  ^^^H 

KltvnKiotui  of  vxfiitabllity  in,  42ft. 

.\itroicvn.  ahM)rptkin  uf.  by  tlw  bluod.  234.      ^^^^ 

anffl«<rtn>hjnuH  in.  415:  Pig.  103. 

by  plants.  33.  24.                                             ^^H 

cajbun  dimiili^  (oniKnl  ii>,  431. 

cbaiiiielB  »r  pscn-linD  of,  89,  OO.                         ^^^^| 

canliar,  ISH  i>r|. 

dtftcmiiiialinn  of,  in  too<l  and  uercU,  83,  84.  ^^H 

catflccLrotontiM  in,  424.  Fi^.  ISI. 

fbtM)  by  [lacteria.  34.                                              1 

dHNiAcMtlon  of,  aocordinK  to  ftmctioD,  564. 

in  Mood,  335.                                                                 M 

in  diffMtivc  produeU  t4  pru(«fcl,  205.             ^^^H 

•ffi<n-nt,  504.  ftOli. 

in  mipirwl  air,  SO.                                               ^^^^| 

elMtrioal  cxriUlum  nf,  418. 

in  tanma,  WL                                                                ^^^H 

I^K      (VUMmI  law  fit,  420. 

in  pnvrotM  gtukd.  3Sft                                    ^^^M 

^^H:d«etn>lrib  iu,  434. 

in  swMt,  89.                                                  ^^^1 
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Nitrogen  in  uritie,  S9. 
Nitrogen  excretion,  80,  00. 

diurnal  -variations  of,  102,  Fig.  44. 

in  stttrvation,  100,  101. 

proportional  to  N  absorbed,  101. 
Nitrogenous  equilibrium,  91,  120,  121,  122. 

minimuni  proteid  for,  103. 

on  various  quantities  of  protfid,  100. 
XitiogenouB  substances  in  the  body,  68. 
Nodal  points  of  optical  system,  511,  Fig.  209. 

of  schematic  eye,  513,  Fig.  210. 
Nonnitrogenous  fooilBtufTs,  see  Carbokydratea 
and  Fott. 

destruction  of,  in  muscular  work,  112. 
Nonnitrogenous  substances  in  the  body,  79. 
Nonnucleated  c^lls,  17. 
Nubecula  in  urine,  380. 
Nuclei  of  cranial  nen-es,  603,  Fig,  269. 
Nucleic  acid,  digestion  of,  255. 

percentage  composition  of,  82. 
Nuelein  ba.ses,  76;  see  also  Pvrin  baaea, 
Nucleins,  76,  351,  372. 

digestion  of,  252,  255. 

percentage  composition  of,  82. 
Kucleo-albumins,  75. 

Nucleo-histon,  percentage  composition  of,  82. 
Nucleo-proteids,  77. 

Nucleus,  agency  of,  in  activation  of  oxygen,  19, 
note. 

form  and  size  of,  16. 

importance  of,  17,  18. 

number  in  cells,  16, 

of  cell,  16. 

of  ovum,  695. 

rc^i]>rucal  relations  of,  with  prolopla.im,  17. 

red,  of  tegmentum,  593. 
NuclenH  reticularis  tcgmenii,  603. 
Nutrition,  see  Food  and  Niitrilivt  requirements. 

definition  of,  S3,  note,  137. 

of  the  brain,  676. 

of  the  heart,  180. 

of  the  young,  143. 

physiology  of,  137. 
Nutritive  influence  of  cerebral  cortex,  650. 

of  nerve  cells,  567.  568.  .'>82,  584. 

of  "pinal  gannlia.  .'184. 
Nutritive  rtHiuirement.t  of  adult  males,  140. 

of  persons  of  difftrent  ages,  144. 

Occipital  convolutions.  639,  Fig.  289;  657. 
Octave,  490. 
Oculo-molor  nerve,  680. 

ncponimodation  and.  .')34. 

nuclei  of,   ')3.'>,  Fig.  2.30,  GLj,  Fig.  272;  616, 
Fit:.  273, 

jiiiliil  iuiii,  .'i2fi. 
Odor-i,  clu." ^ificatiim  of.  4SS. 

theiirii'-;  <i!  lr;iiL-.riii->iiiji  of,  486,  487. 
Oisopliiigi'ul  Ti-tulu,  263. 


(Esophagus,  innervation  of,  281. 

movements  of,  in  swallowing,  280. 
Ohm's  law  for  analysis  of  sound.  493. 
Oil  and  coagulation  of  blood,  150. 
Old  age,  metabolbm  in,  120. 

perio<l  of,  706. 
Oleic  acid,  296. 
Olein,  79,  701. 
Olfactometer,  487,  Fig.  102. 
Olfactory  areas  in  the  cortex,  653. 
Olfactorj'  cells,  487. 
Olfactory  epithelium,  486. 
Olfactory  lobe.  600,  619. 
Olfactory  nerves,  action  of,  on  Tespir»tion,  330. 

specific,  of  smell,  488. 
Opalina  ranarum,  61,  Fig.  35. 
Opening  contraction,  420,  423. 
Opening  period  of  parturition,  608. 
Operative  interference,  6. 
Optic  cortex,  actiiHty  of,  660. 

connections  of,  660,  662,  Fig.  296;  663. 

efferent  fibers  from,  657. 
Optic  lobes.  Figs.  274,  275,  276,  277,  278. 

equivalent  to  corpora  qtuulrigeniioa,  613; 
tchick  alao  tee. 
Optic  nerve,  330;  535,  Fig.  230:  656,  Fig.  295; 
657,  680. 

efferent  fibers  in,  515,  Fig.  211. 

refiex  effect  of,  on  respiration,  330. 
Optic  thalamus,  GOO. 

effect  of  lesions  in,  617. 

substitution  of  functions  in,  617. 
Optic  tracts,  schematic  representation  of,  335. 

Fig.  230;  656,  Fig.  295. 
Optical  axis,  ."JIS,  Fig.  210;  525. 
(Jptical  constants  of  the  eye.  508. 
Optical  defects  of  the  eye,  520. 
Optical  system,  nodal  |K>ints  of,  defined,  511, 
Fig.  209. 

of  the  eye.  .509.  510. 
Optical  lone  of  the  cornea.  522. 
Optogram,  537. 

Organ  of  Oorti,  499,  500,  Fig.  199. 
Organ  system,  definition  of,  30. 
Organic  fixidstuffs,  83. 
Organic  sensations,  469. 
Organs,  cooperation  of,  30. 

influence  of,  on  one  another,  1,  355. 

sur\-iving,  6. 
Orientation,    importance  of   otolith   sacs  for, 

473,  481. 
Osciliaria.  29. 
OBmosi.w,  31. 

Osmotic  phenomena,  significance  of,    for  ab- 
sorption, 35,  301,  353. 
for  different  organs  and  tissues,  34,  355. 
for  elementary-  organisms.  33,  34. 
for  excretion,  41. 
for  lymph  formation,  340. 
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Osmotic  iihifipmnui,  »iRttificiiiic«  at,  (or  pr^ 

(liicliun  III  urine,  ;iS7. 
Ounolic  |>rrwiitn-,  ilcCiiiilinii  ti(,  31, 
Omolic  trtuinti  ia  uiitnsl  n-lts,  3ft. 

in  |ilnrjt  evWa,  33. 
OwH-!]i,  7K. 

OiHirlr*  r>r  middle  piu,  4M. 
Otulilli,  -fil. 

Otolith  MVH,  (unctions  o(,  481. 
Ovari™,  mS. 

tiitemnt  uvrrtion  ol,  3*iS. 
Ovrrruiu--.  .].-l)iiilic>n  <■(.  4bl.  4U2,  Fig.  104. 

in  humui  voict,  TitKV. 
OviUiK't,  605. 
0»-t.vilrl!m,  Til, 
Ovulotiiin,  ma. 
Oxalic  not.],  41.  376.  377.  383. 
Oxidaliun,  27;  <w  nlwi  Cmnhuntitm. 
Oxiilslivi!  pnicnwrw  in  cpJIji,  39. 
Oxytu'iila,  nnimMtir.  ATS. 
Oityhi-njtiiric  »C'.«1,  378. 
Osyhutyrir  will,  370.  3a*, 

Oxy«t)iyl-triu»*(liyl-^riiiri(iii)iiin  hyilroxide,  78. 
Oxy(^-n,  ntMritrc  nf,  cffi-rt  itn  riu"  (if.  2(1. 
Wh*^■io^  of  (rc«T>  in.  27. 
BiiitMbilily  ut,  fur  i-i'-riiiiii  IWlrris.  3S. 
Ktwrptiuii  of,  l>y  blcHHl,  330,  337,  Kift.  131. 

Iiitiil  in  itiiui,  34f|. 
BCTivniion  of.  ID,  ikotb 

amount  <if,  )i1j*<orboil  um^pr  <1Ifferent  clnuni* 
Nlsfin-n,  344. 
roiinuiiiP(l  by  rlfiDPtitury  nrKMiliiiiu,  27. 
rcicnioiriil  (li  nhiHitption  u(,  336. 
vcimbintttiim  of,  in  bloud,  33a. 
(Irlcniiiitatiuii  of,   tit   bluud,   334,   Fif.    130; 
33o. 
In  mMalnlinm  rxyvrrimpntji,  S6,  SB. 
tli*ir>l>iiliun  nf,  in  bliKxl,  340. 
impurtunrt-  of.  fi)T  ilcvrlnjimmt,  3fl,  37. 
inrro«>>^l  ronautiiption  uf.  in  1ali|;uL'.  44B. 
pvti&l  prt-tiHtti*  of,  ill  alvvolnr  kir,  33ri. 
percrniagv  of,  in  ftnerial  iiuJ  v-oiiuux  blood, 
33(1, 
in  exitirp*!  nir,  343. 
in  iiu^pirpil  air,  3-13. 
Btoix*!  in  kH»«  ruutiMxuKli,  27. 
tciuion  of.  it]  IiIihhI,  341. 
in  lynipli.  348. 
OxyhjpinnKkibin,  LW,  Idl. 

Kbaorption  e|H-ctruni  uf,  151,  FI^.  47. 
OxyDtaiiauirinii  »riili",  70. 
Oxyphnii}-i<«iiuni>-prik[>iiinir  ninil,  71. 
Oxyprutpic  acid.  373.  382. 
Oxypyriiniiliri,  7ft. 
OxypyTToliiiin-corboxylic  acid,  72. 

TRin,  405. 

allrr  lifmilvMon  o(  tlic  cord,  507. 
fur,  \a  cijrt«x,  052. 


Pain,  rod  oncana  at,  4flS. 

ncr\-ns  (T)  407. 

pliyitiulti^cftl  i'aui«  uf,  460. 

trart  (or,  in  tli»  tonl.  fiOT. 
Paid  putnu  in  tlir  nhiii,  467. 
Pluiw.  lalior,  (M)8,  FIr.  303. 
Palrmanrtra,  IM),  V\g.  34. 
Pallium  »r  tliF  liniin,  (UIO. 
pBimiiic  luid.  79, 
PaliiiiliD.  70,  (01. 

raii4-m>1<<-  iliaVtm.  137,  I3S,  303.  37Jl 
PaiicrrArJe  fistula,  243.  251. 
P&norestic  Juicv.  2.'>1. 

ai.'tj(iu  i^r,  ou  viirb'>l)ydrBt««.  241,  207. 
on  fnu.  253,  2».%. 
on  proleiiK  2A^.  294. 

piuviniw  in.  2a\,  271,  Hr  lUft. 

luflu<n>n-  uf  liilj;  on.  251 ,  2W4. 

of  fiHKl  on,  270,  I-'tK.  107;  271,  Fig.  10& 

pIlip(°Tlic«  uf,  2&I. 

HCTftion  of.  260. 

JiLily  oounc  of.  270,  Fip«.  100,  107. 
iiri^-niu>  r"iitnil  lit,  200, 
PincTWui.rffii't.ufcxIiri.oliiH.irf,  137,302. 37«. 

intvnud  wvrociun  of.  3ti2. 

niurt>lioiivi<^ul  chaiiKVH  iu,  373,  Fik.  100. 

■[vriGc  cM'iiantB  uf,  270,  271. 
Papillnry  iuhtIhts  artion  ut,  106. 
PanMMin,  2SU. 

PaiBcvmral  lohulQ,  038.  OSS,  V\%.  SDO;  053. 
ramcrawl,  37©. 
I^m(.-tnnl.«ulplinric  acitl,  370, 
Parnlartic  acid,  I.W. 
ParalyviiS.  definltjoii  uf.  AU,  ftft. 

tulluwiii^  pnrtisi  ■IrHtriKrtii.iii  of  tliroord,  J 

(ulltiwiiiji  rraiovat  uf  iiiutoi'  mrtrx,  044. 
ParvntariuiH,  chrinritaxiii  of,  lA. 

difwrim-  InllLirnm  on,  5J.  50,  note. 

fWirioal  >itiiiiulatu>n  of,  AS. 

Iirutaxin  nf,  AG. 

motor  R:«|>uDBe  of.  U,  Fi^  32. 

■tnrvatiwn  uf,  2S. 

tlwrmntasiH  uf,  50. 

tbsi^iuUXM  of,  M. 
Paramx-oeinoficD,  413. 
Pantnuoletn,  1ft., 

I'ttrB-phpnyl-ainiiM^prufnotiie  acid,  71. 
I'arrnrliyma  rctln  of  root  <»rt49C,  31,  Fig.  Ifl. 
I'ancial  crlbi.  2(i;. 

nwTcilun  c«|u)lariM  nf,  207,  Vif..  lOS. 
Parirtal  coiii.'ulutiunB,  •«(>  Cmlmi  miKnfotM'M. 
Pan«-tal  lohu.  634.  Flf!.  SHO;  045. 
Pamlid  Klanda,  iuncrvaUoii  uf.  2»7.  358. 

morplialoiivonl  ehat^pja  in,  2BU,  Pig.  lOD;  201, 

Pamxy-liciiiiirtr  ncid,  37S. 
I'aroxy-ph'-nvl-aM-op  acM,  378. 
Pan)xy-pb»'tiyI.pn>(iionip  acid,  978, 
Parn  maniillanii  hyiwllialiuiu,  liOU. 
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Pars  optica  hypothftlami,  600. 

Partial  pressure  of  gasee,  334. 

Parturition,  691,  697. 

Passive  movpmente,  perception  of,  469, 

Pathogenic  bacteria,  ingestion  of,  by  leucocytes, 

37. 
Patholt^y,  relation  of,  to  physiology,  4. 
Pectorales  as  muscles  of  respiration,  316. 
Peduncles  of  the  cerebellum,  593,  612. 
Pdomyxa,  57. 

Pendulum  hydrometric,  210. 
Penduluny  movements  of  the  intestine,  287. 
Penis.  692,  693. 
Penta-methyl-endiamin,  249. 
Pentoses,  81. 
Pepsin,  formation  of,  267. 

properties  of,  248. 
Pepsin-hydrochloric  acid,  action  of,  291. 
Pepsinogen,  248. 
Peptoids,  249. 
Peptones,  75,  249,  255,  351. 

food  value  of,  108. 

intestinal  juice  and,  255. 
Peptosynies,  250. 

Pericardium,  rfile  of,  in  action  of  heart,  177. 
Perilymph,  495. 

Period  of  ejection  of  the  heart,  171. 
'    of  relaxation  of  n:iuscular  contraction,  416. 

of  rising  tension  of  the  heart,  171. 

of  shortening  of  muscular  contraction,  416. 

refractory,  of  heart,  183. 
of  nerves,  429. 
of  nerve  cells,  572. 
Peripheral  ganglia,  583,  584,  Figs.  258,  259. 
Periphery  of  retina,  adaptation  of,  to  light  and 
dark.  540. 

color  vision  with,  546. 

vision  with,  514. 
Periptrneia,  56. 
PerislaNiH,  288. 
Permeability  of  blood  corpuscles,  33,  34. 

of  crorw-striated  muscles,  34. 

of  living  and  ilead  membranes,  34. 
Perspiration,  see  Sweat. 

insensible,  394,  397. 
Pfluger's  law,  423. 
Phagocytosis,  37,  54. 
Pharynx,  action  of,  in  swallowing,  280. 
Pheni>I,  295,  378,  37i>. 
Pheni)l|ihilmlcin,  147.370. 
Phenol-siilplmric  acid,  379. 
Phpiiyl-aci'lic  acid,  378. 
Pheiiylalanm,  71,  72,  249. 
Phenyl-propionic  acid,  378. 
Phlehin,  1.^), 

Phlorid^iii,  127,  374,  note,  375. 
Pholnf.  4.>. 

Phospho-carnic  nciil,  413, 
Phospiiorescence,  45. 


Phosphorus,  absorption  of,  132. 

excretion  of,  132. 

in  iodothyrin,  362. 

in  proteidfl,  75,  76,  82. 
Phosphorus  poisoning,  129. 
Photography,  registration  by,  13. 
Photo  tax  is,  57. 
Phrenic  nerve,  324,  331. 
Phrenologj-,  630. 
Phylloporphyrin,  152. 
Physical  methods  of  investigation,  4. 
Phyaiotc^ical  salt  solution,  53. 
Physiology,  general  and  special,  15. 

province  of,  2. 
Pigment  granules,  22. 
Pigments  in  the  bile,  253. 

in  the  blood,  150. 

in  the  eye,  527,  537. 

in  muscle,  414. 

in  urine,  383. 
Pilocarpine  and  formation  of  urine,  389. 
Pilomotor  fibers,  687,  688. 

connection  of,  with  ganglion  celts,  582. 
Pineal  body,  600,  613. 
Pitch  of  sound,  489. 

of  human  voice,  how  caused,  505. 
Pituitary  body,  internal  secretion  of,  367. 
Placenta,  698. 

Plasnna,  chemical  constitution  of,  154. 
Plasmol>-sia,  33. 
Plastic  foodstuffs.  111. 
Platelets  of  the  blood,  153. 
Plethysmograph,  211,  Fig.  83. 
Plethysmographic  curve,  212,  Fig.  84. 

in  sleep,  677,  Fig.  299. 
Plexus,  cardiac,  191,  Fig.  67. 

hypogastric,  392,  Fig.  145;  393,  694. 

myenteric  us,  288. 

of  .■\uerbach,  284,  Fig.  114;  288,  687. 

of  Mcissner,  288,  687. 

vesical.  392,  Fig.  145. 
Pneumographic  cmre,  313,  Fig.  121. 
PoikilothennouH  animals,  46,  442. 
Poisons,  physiological  significance  of  certain, 

574. 
Poisonous  constituent.*)  in  expired  air,  344. 
Poisseuillc's  formula,  222. 
Polar  law  of  excitation,  424. 
"Polar  failure"  of  excitation,  428. 
Polarizing  current,  425,  434. 
Polysaccharides,  chemical  constitution  of,  82. 

properties  of,  81. 
Pnli/atomHia,  17,  Fig.  14. 
Pons,  ROO,  612. 
Portal  circulation,  137,  162. 
Portal  vein,  162;  sec  also  Eek  fintula. 
Position  of  the  body,  influence  of,   on  flow  of 
blood,  226,  Figs.  93,  94;  227. 

perception  of,  469,  481. 
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Protnplasm,  chemical  and  physical  propertiee 
of,  19. 

decomposition  products  of,  68,  70,  34S. 

differentiations  of,  16. 

formation  of,  in  animals,  25. 
in  plant»>,  23. 

inelosures  in,  21,  22. 

morphology  of,  20. 

motility  of,  42. 

osmotic  properties  of,  3)  oeq, 

power  of,  to  store  oxygen,  27. 

reliition  of,  to  nucleus,  17, 

state  of  aggregation  of,  19. 
Protoplasmic  processes,  42. 

of  nerve  cells,  559. 
Pseudof^lobulin,  154. 
Pseudohtemoglobin,  152. 
pHcudonuclein,  75. 
Pseudopodia,  36.  42. 

of  Amirba.   35,    Fig.  20;  36,  Fig.  21;  42,  43. 

of  Gromia  oviformis,  35,  Fig,  19. 

of  Polystoniella  venusta,  17,  Fig.  14. 

of  Thai assi cola  nucleota,  IS,  Fig.  15. 
Psychical  activities,  organs  of,  666. 

substratum  of,  629. 
Psychical    disturbances    after    extirpation    of 

thyroid,  361. 
Psychical  influence  over  reflexes,  677,  579. 
Psychology  of  Gall,  629,  630. 
Psycho-physical  events,  time  required  by,  673. 
Psycho-physical    functions  of    the  cerebrum, 

658. 
Pterygoid  muscles  in  mastication,  278. 
Ptyalin.  245,  246. 
Puberty,  in  the  male,  692. 

in  the  female,  097. 

influence  of,  on  growth,  708,  709,  710 
Pulmonary  arteries,  161. 

pressure  in,  228. 
Pulmonary  circulation,  227  seq. 
Pulsp,  arterial,  212. 

venous,  234. 
Pulse  curve.  12,  Fig.  II ;  216,  Fig.  88. 
Pulse  rate,  see  Henri  bent. 

as  afTcctcil  by  food,-  dc,  197. 

nl  different  urcs.  197,  Fig.  71. 
Pulse  volume,  204. 

de|>euclLTice  of,  on  flow  from  great  veins,  184. 
Pu|)il,  constriction  of,  .'528. 

by  cortical  stimulation,  65S. 
center  for.  .529. 

ililntation  of,  528. 

by  corticiil  stiiimlation,  658. 
center  for,  529. 
Purin  bases.  70,  255,  372,  382. 
PurkiTije's  finiire.  5in. 

PuTrc'fn(-ncni  iti  Die  iiitesiine,  297,  298,  378. 
PutrefiielLvr  prcluel-,  2'.t~>,  'iTH. 
Putre-^cin,  241'. 


Pyloric  fistula,  267. 
Pyloric  glands,  286. 
Pylorus,  innervation  of,  2S4,  Fig.  114. 

movements  of,  283. 
Pyramidal  cells  of  the  cortex,  634,  Fig.  284. 
Pyramidal  tracts  in  the  cortl,  593,  585,  596, 

647,  648. 
Pyrimidin,  76. 
Pyrrolidin- nucleus,  71. 
Pyrrolidin-carboxylic  acid,  71,  72,  249. 

Qualitative    relations   between    stimulus    and 

sensation,  451. 
Quantitative   relations  between   stimulus   and 

sensation,  455. 
Quotient,  respiratory,  105,  343. 

Radiation  of  heat,  403. 

Radium,  58. 

Rami  communicant«s,  687,  689 

Ration,  Voit's,  142. 

Ration  for  woman,  143. 

Reaction  time,  673. 

as  effect«d  by  fatigue,  etc.,  674. 

discrimination,  676. 

muscular,  675. 

simple,  673. 

to  different  sensory  stimuli,  674. 
Reoeptaoulum  chyli,  349. 
Recovery  after  fatigue,  66. 

of  muscle,  445,  446. 

of  nerve,  443. 

of  visual  organ,  539. 
Recovery  of  muscular  functions  after  destruc- 
tion of  cortex,  646. 
Rectum,  innervation  of,  289. 

reflex  induced  from,  299. 
Recurrent  fibers,  584. 
Recurrent  sensibility,  566. 
Red  blindness,  546. 

Red  blood  corpuscles,  see  under  Blood. 
Red -green  blindness,  547. 
Reduced  eye,  512. 
Re<luc'mg  substance  in  urine,  383- 
Referrwi  pains,  689. 
Reflection  of  pulse  w^aves,  214,  218. 
Reflex,  causing  ejaculation,  693. 

contractions,  571,  Fig.  256. 

definition  of,  411,  570. 

fall  of  blood  pres.'^urc,  237,  Fig.  98. 

origin  of  tonus,  581. 

proccs-fes,  575. 

resjmnses  to  different  stimuli,  580. 

rise  of  blood  pressure,  236,  Fig.  97. 

stimulation  of  nerve  cells,  570,  571, 

touch.  660. 
Reflexes,  axon,  584,  Fig.  258. 

augmentation  of,  ."179. 

facilitation  of,  579. 
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firTrtmtttff  cvMnpnaition  nf,  S3.                                      ^^M 

R«Mtiat»r  of  IMmUnUi.  403.  Fif.  105. 

Rrlioiiliini  of  the  Ticuro[»Ie,  SAO.  Ml.  585.                ^H 
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Retina,  action  current  in,  537. 

adaptation  of,  540. 

centrifugal  fibera  to,  515,  Fig.  211. 

excitation  of,  536  seq. 

fatigue  and  recovery  of,  £30. 

histological  structure  of,  515,  Fig.  211. 

imager  upon,  513. 

light-perceiving  layer  of,  514. 

morphological  changes  produced  in,  by  light, 
537.  538,  Fig.  232. 

relation  of  properties  of  light  to  different 
constituents  of,  541. 
Retinie,  correspondence  of,  555. 

projection  of,  on  cortex,  655. 

rivalry  of.  555.  Fig.  247;  666. 
Retinal  imageH,  611,  613. 

relation  of,  to  tactile  impreasiona,  550. 

size  of,  654. 
Retinal  pigment,  541. 
Retinal  vessels,  shadows  ot,  516. 
Rheocord,  418,  Fig.  156. 
Rheotactic  influence  on  apermatocoa,  697. 
Rheotaxis,  66. 

Rheotome  experiment,  431,  Fig.  168. 
Rheotome  of  Bernst«in,  432,  Fig.  169. 
Rheotropixm,  64. 
Rhinencephalon,  600. 
Rhiiopoda,  37. 
Rhombencephalon.  600. 
Rhythmical     contractions     of     croaa-striated 

niucicle,  53. 
Rhythmical  segmentation,  287,  288,  Fig.  116. 
Rib-lifting  muscliM,  315. 
Ribs,  movements  of,  314. 
Rigor  mortis.  447. 
Ringer's  solution,  25  note;  182. 
Rise  of  temperature,  effect  of,  on  lower  organ- 
isms,  29. 

in  human  body,  401. 
Ritter's  tetanus,  421. 
Rivalry  of  retime,  .5.'j6,  Fig.  247;  556. 
Roils  and  cones,  515,  Fig.  211. 

function*!  of,  .541. 
Rontgen  rays,  58. 
Root  tubercles.  23,  Fig.  18;  24. 
Rotation,    an   effect   of   removing   cerebellum, 

r.08, 

in  protoplasm,  42. 
Rotalicin  axes  of  eye,  549,  550,  Fig.  240. 
Rotation  center  nf  the  eye,  549. 
Round  wiriitow,  -l!)7. 
Rubro-spiniil  trm^t  in  the  cord,  593,  595. 

yaoclmrinic  nciil,  374. 

.Sliceliiiro-c,  SI, 

Saceiilu-^  of  iril.TMjil  I'lir,  473. 

SftiTiil  iiprw-:.  :VJ2,  Fig.  145;  393. 

SidiryrK-  acid.  37S. 

Salicyluric  acid,  378, 


Saliva,  245,  246. 
Salivary  glands,  267. 

electrical  phenomena  of,  48,  257. 

morphological  changes  in,  261. 

ner\-es  of,  257,  258. 
centers  for,  261. 

specific  excitants  of,  260. 
Salt,  common,  physiological  importaace,  25. 

physiological  solution  of,  53. 
Salt  hunger,  131. 
Salt  plasma,  157. 
Salt  taste.  484. 
Salting  out.  69. 

Salts,  required  by  animals.  25,  26;  we  aL«o 
Inorganic  rubatantea  and  CorutHuttiU, 
inorganie. 

by  heart,  25,  182. 

by  plants,  24. 
Sap  of  plant  cells,  21,  Fig.  16;  33. 
Saponification  equivalent  of  fata,  79. 
Sarcolactic  acid,  376. 
Sarcolenuna,  16. 
Saturation  of  color,  541. 
Scaleni  muscles,  315. 
Scheiner's  experiment^  553,  Fig.  243. 
Schematic  eye,  611,  513,  Fig.  210. 
Schwann's  experiment.  439. 
ScyUium  ennicula,  br^n  of,  619,  Fig.  275. 
Season,  influence  of,  on  growth,  710. 
Sebaceous  glands,  394. 
Sebum,  394. 

Secondary  contractions,  433. 
Secondary  sexual  characters,  357. 
Secondary  tetanus,  433. 
Secrelin,  271. 
Secretion,  as  a  proces.-!,  definition  of,  41, 

conditions  for,  in  stomach,  265. 

filtration  theory  of,  259. 

in  intestinal  glandfl,  276. 

in  pancreas,  269. 

in  sali\-ary  glands,  257. 

in  sebaceous  gland-B,  394. 

internal.     S-W;      see      also    Internal     aeert- 
lion. 

of  bile,  272. 

of  digestive  fluids,  256. 

of  sweat.  396. 

paralytic,  239. 

psychical,  263. 
Secretion   an  a  product,  see   under   individual 

names. 
Secretion  capiilnries,  267,  Fig.  105. 
Secretion  droplets,  244,  Fig.  99. 
Secretion  vacuoles,  261.  Fig.  101. 
Secretory  nerves,  564. 681 ;  see  also  under  ilifTer- 

ent  glands. 
Segmental  reflcxc*.  ■'>7G. 

-Segnicnlfttion  of  central  nervous  syKtem,  .17.i, 
Selachiatis,  extirpation  of  cerebrum  in.  619. 


^^^^^^^^^^^^^^F                          I^^^^^V               H 

H     Self-ennKiouanea*,  origin  of,  072. 

Senaary  trtaa  of  ConS^aabMtnl   t()C«>lhrr.           ^^| 

H     fieir-Uiimliita  uf  the  sta(na«h,  SeS. 

65t>.                                                                               ^H 

Soir^rpRtilntitiii  '<t  a-»plniturT  moveiniGnts,  328, 

genvml  wnMiion  atul    tuu«li   Id,   0.M,  Figi.           ^^| 

Spiiiioirrulitr  canivLii,  473. 

2U3  aiul  :»4-                                                                ^H 

niiificitti  ■tiniiiliiliuii  <tl,  47^1. 

liroriny  in,  H-H  I'lg.  2B3.                                          ^^^^| 

).-xp<-*ritiiifiital  "Up  pn-sHion  u(,  47(1,  F^ga.  187, 

|)Hyrliii-ptiv->ioikl  fli^nifictwnc^  of,  65U.                   ^^^^^H 

18S:  477.  FiK-  ISfl, 

n^CApitulalirin  cnncrmlnCi  Mfi.                             ^^^^^H 

SMnil'innr  vnlvri;!,  107. 

([v>l>'          oinrll  in.  ti.%3,  054,  l-lo;.  3M.              ^^^^| 

oloMure  1)1,  I7t. 

in,  am,  V\g.  2f>3.                                          ^^^H 

muMulnr  MipiHiita  at,  If17. 

BeiMorv    iiiiprvaHiuiis,   outuluctioii  nf,    In    COTcl,           ^^^| 

OpMilnic  Af.  171. 

^^^H 

StaninHl  flwl.  OOJ,  093,  004. 

Sensory  ^piciul  iicrvn,  082.                                      ^^^^^H 

BMiiiiml  vfHirlm,  003. 

diatribiition  of,  083,  Fi^  30a                             ^^^^| 

Briniprrmi^&blc  mcuibrBue,  33. 

S«rin,                                                                    ^^^H 

Srmlprnni-iihlc  w»lb,  31. 

Serous  Pftviliea.  lUMorpiion  from,  358.                ^^^^H 

Snn^«ci;in;e.  00. 

8«nmti  muBclw,  310.                                                 ^^^^^| 

Horuuiijoiw.  niidilory,  4AS. 

^^^^H 

iiim-aiioiKlnnt^  uf,  U>  rtsttitv,  4fi3. 

oggliiliniiiling  iMliun  of,  IA6,  1A7.                         ^^^^^| 

iJrBnilinn  iif,  451. 

t»eEorHwi>l«l  nctlita  of,  155,  156.                       ^^^^H 

dnpMw  of  (Uetinctiun  o(,  4ft3. 

^^^H 

ItUVtuUiry,  483. 

cytol)-tir  iu-Ut>n  nf,  150.                                            ^^^^^H 

iii<MUiliti(-9  111,  453, 

ntiiirml  Mil*iitnnn<i<  in,  154.                                      ^^^^^| 

motiir,  409. 

orgkiuc  iuhttUuiMs  in.  154,  lU.                       ^^^^| 

pliy«iola|hcKl  ninificaiMV  of,  473. 

oxygen  in,  HO,                                                ^^^^H 

of  color,  .'f4l. 

Srrum  albumin,  154.                                                 ^^^^^| 

uf  pain.  4^  4&S. 

Srrutn  itliihiilin,  154,                                                 ^^^^^| 

cif  [insilioii,  472,  473. 

S«x,  iufiueneo  of,  on  lieart  bttst.  197*                    ^^^^H 

of  pnaMurv  auil  lunch,  4&8,  4fll. 

on  iiixMivlMjlistii,  144.                                          ^^^^H 

of  noujititiicr.  401,  471. 

SFXiutI  glnnib,  acnsBory,  001 ,  092.                       ^^^^^| 

of  u>iii|wrdttun.>,  4ft8. 

Soxiiol  maturity,  in  man,  002.                               ^^^^^H 

of  wciglil,  *Sa,  471. 

in  woman,  000.                                                 ^^^^H 

oltw^torj-,  iSR. 

Sonial  otttttm,  fttaait,  OOSl                              ^^^^| 

orsnmc.  4&4,  409, 

nialp.  A»l .                                                                ^^^H 

plnro  nt  otifpn  of,  4&4,  0A9. 

Shock,  rfTrrt  of,  in  Axperinwntii  on  rMptration           ^^^ 

ijiialitnlivr  rvlsltucM  of,  lo  iiluiiiili,  4A1. 

320.                                                                   ^^^H 

quMtitilaltvr  rrlatlous  of,  tu  sumuli,  4A6. 

in  Imiona  of  motor  arvaa.  040.                        ^^^^H 

ftjH-i-lfti',  *|ii<;triiio  of,  455. 

Shrimp,  galvanntaxisnf,  00,  Hg.  34.                      ^^^^H 

Uctilp.  461.  4(W,  fl.'^2. 

Higliiiig.  3^t.                                                                       ^^^^H 

Iliron-tintl  r^pljinnliori  of,  4A3. 

Sight,  aenae  of,  461;  500;  aee  alao  Kmma  arul  ^^^^| 

UtTMhold  ftiiuuli  ut.  450. 

^M 

tickling,  402. 

mTt'iii>al  ariv  fur,  055.                                            ^^^^^H 

traiMiocitflvQlal,  in  enpnnv,  49A, 

near)  ion             In,  074.                                                ^^^^^^| 

tWimI,  A3(t. 

Sagmoid  H«sure  nf  colon,  2IW.                                ^^^^^| 

W«b«r'a  U«  oonoeniinic,  4U. 

»CKU>itl  Eynn.  300.  032,  Fie.  283.                      ^^^H 

8«IUH  uf  cold,  4W. 

Sigtial,  olMtrie,  10,  Fig  7-                                   ^^^^| 

of  foTMi.  4a9. 

Si>uiiltann>uii  cuntmut,  547.                                        ^^^^^^| 

nf  tu-nrinii,  4B8. 

Hinuata  of  Valaatvm,  157.                                         ^^^H 

of  hmt.  I.'SO. 

BSrao,  Bt«b«ek'<.  400,  rig.  103.                                  ^H 

of  motion.  43S. 

Siio,  Judipnrnt  of.  by  rinon,  554.  Fi|e>.  244,           ^^M 

of  pain,  4flS. 

245. 240                                                                   ^H 

of  p(iBi1ii)D,  409. 

Kkatul.  205.  37»,  STB.                                               ^^^H 

of  prtimira,  401. 

Skatoxyl,  370.                                                      ^^^^| 

of  vlsbi,  .VW. 

91cat(i\y1-*iit|ihiirie  arid,  370.                                 ^^^^^| 

of  naell,  54,  480. 

Sfcvlptal  iiiiiKrIni.  vn>  .IfiurlrJ.                                    ^^^^^H 

of  Uirtc,  4S3. 

Skin,  electrical  plirauuma  uf.  4S.                         ^^^^^| 

fliturir.    cliMMlicMtion  of,   451,   453;  we  iJm 

vxerctory  funeUnii*  nf,  3B4.                                ^^^^^H 

StnMtfofu, 

RUuda,  stimulation  of,  by  alkaliei,  59.            ^^^^^| 

ScoMUT  aphaaU,  004. 

beat  hMa  by,  305,  403.                                         ^^^H 

8vn«ory  btm*  of  oortox,  050. 

itMaiaible  pMBiiiratiun  of,  3U7.                          ^^^^^| 
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Skin,  sensory  functions  of,  45S. 

tcmi>erature  of,  399. 
Sleep,  676. 

cur\-c  of  depth  of,  677,  Fig.  299, 

effect  of  loss  of,  on  fatigue,  445. 

Howell's  theory  of,  677. 

metaboliHrn  in,  676. 
Small  intcfltinc,  see  InieHine,  small. 
Smetl,  see  Olfactory  senaalione,  Odort,  etc. 

as  a  chemicBl  sense,  54. 

cortical  area  for,  653,  654,  Fig.  294. 

definition  of,  451,  483. 

quantitative  capacity  of,  488. 
Sneezing,  321. 
Soaps  as  fat  producers,  130. 
Soaps  in  intestine,  295. 

injected  into  blood,  305. 
Sobbing,  321. 

Sodium  cliloride,  excretion  of,  in  starvation, 
13;. 

importance  of,  for  heart,  25,  182. 

oamotic  prcHSure  of,  32. 
Sodium  glycocholatc,  264. 
Sodium  taurocholate,  254,  351. 
Solar  spectrum,  se«  Spe<^rum, 
Sorbite,  80. 
Sound,  cardiographic,  168,  Fig.  55. 

({ualities    of,    489,    491;     see     also    under 
Far. 

transmiasioa  of,  in  ear,  493. 
Sounds,  respiratory ,  322. 
Sounds  in  swallowing,  282. 
Soun.is  of  heart,  167,  168. 
Special  nerves,  pIiVHiology  of,  6S0. 
Specific  actiu[i  of  enzymes,  3**,  3fl. 
Specific  affuiitieH  in  absorption,  35. 
S|M'cific  dynamic  action  of  foodstuffs,  107. 
Specific  excitants  of  digestive  glands,  264,  271, 

275. 
Sikh; i fie    gravity-,    changes    of,    in   elementarj' 
organisms,  45. 

of  blood,  147. 

of  sweat,  395. 

of  urine,  3S(). 
Specific  rt'siM)n,-ie,  law  of,  in  ner\'Oii,  411. 
Specific  slimidi  tor  end  organ.s,  580. 
Spectrum,  visible  rays  of,  536. 
SpcL'cli,  center  of,  031. 

elements  of,  .506. 

l>r)wers  of,  tHil,  662. 

tract  in  ci)rtex,  002,  Fig.  290. 
Spermatozoa,  091,  692. 

cbemotflctic  infliienee  iin,  54,  097. 

thigmotactic  influence  on,  50,  697. 
Spermatozoi(b  of  fern,  chemotaxin,  54. 
Spherical  aberraiion,  523,  Fig.  218;  522, 
Sphincter  ani,  299. 

innervation  of,  299. 

tonus  of,  583,  588. 


Sphincter  o.  unnary  bladder,  391. 

inner\'ation  of,  393. 
Sphincter  pupiltoc,  innervation  of,  528. 
Sphygmogram,  see  Point  eurvr. 
Spbygmograph,  215,  Fig.  87. 

spring  of,  214,  Fig.  86. 
Sphygmomanometer,  202,  203,  Fig.  76. 
Spinal  accessory  nerve,  681. 
Spinal  cord,  centers  in,  58.5, 

columns  of.  662,  Fig.  254;  589,  Fig.  261;  591, 
Fig.  264;  592,  Fig.  265;  593. 

conducting  pathways  in,  588. 

afferent,  592,  Fig.  265;  593,  595,  596. 
eflfercnt,  593,  594,  Fig.  266;  595, 
motor,  5B4,  Fig.  266. 
sen.sory,  592,  Fig.  265. 

control  of  skeletal  muscles  by,  586. 

electrical  stimidation  of,  588,  500,  Fig.  263. 

ej|;jirpation  of,  .Wl,  582,  587. 

hemisection  of,  595,  596,  640. 

influence  of,  on  vegetative  organs,  587. 

rate  of  propagation  in,  589. 

section  of,  588,  595,  597. 

structure  of,  562,  Fig.  254;  563,  Fig.  2.55. 
Spinal  ganglia,  503,  Fig.  255. 

chief  purpose  of,  584. 

delay  of  impulse  in,  685. 
Spinal  ner\-es,  682. 
Spinal  nerve  roots,  562,  564. 

efferent  fibers  in  posterior,  666. 

various  functions  of,  565. 
Spirogyra,  18. 
Spirometer,  330,  Fig,  128. 
Splanchnic  nerve,    088;    see    also    Sympathrtic 

TMTIY-S. 

as  secretory  nerve  of  pancreas,  269. 

as  \'aj^oniotor  nerve,  233,  235. 

connection  of,  with  ganglion  cells,  582. 

intoHtinal  movements  and,  288. 

niovemcnt-s  of  stomach  and,  284. 

respiration  and  331. 
Spleen,  fimction  of,  368. 

tri'psin  and,  252. 
Spongio  plasm,  19. 
Spontaneous  generation,  16. 
SqunliiiK  FFphalun,  brain  of,  618,  Fig,  274, 
S(4uinl,  ,155. 

Stapediu-s  mn.scle,  494,  Fig.  196;  497, 
Stapes,  494,  Fig.  196;  496. 
St'iphyliK<iccuii  pyogeneM  alfnis,  54. 
Starch,  sec  CaTbnhydraUn. 

absorbed,  139. 

action  of  saliva  on,  246. 

digestion  of,  in  intestine,  251,  297, 
ill  nioutli,  291. 
in  stomach.  291. 

foniialiiin  of,  23. 

kin.is  of.  81. 
Starch  cellulose,  81. 
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StATcl)  Kronulm  in  food,  343. 

Sublingual  ealiva,  345.                                         '^^^H 

Sltirrh  ffrnmiliKc,  S\. 

Bubuui.villarr   Kbuiiln,   257;  mnv  aim  8<^TaTy         ^^| 

Bu>rt.-li  ponli?,  81. 

gtandu,                                                                             ^^M 

Hiamrv  fil  hlood  in  hcArt,  2U7. 

Subma-xillary  ealiva,  24A.                                               ^^M 

Static  dctivity  of  trrebvLliuii,  611. 

iiu\Ml»n^<>,  liviiifE,  conMiiulboii  of,  30;  see  olaO'^^^^^l 

Sttttic  rcfriK-tioi)  in  ihi-  vyv,  519. 

f Vufr^jWitnn                                                            ^^^^^H 

St^.apain,  KiMttir,  2.U). 

drfuiitioii                                                                       ^^^^^H 

■II  |)aiii-rf»llc  jitic^,  253. 

n-^lativn  5lnhilily  of.  VA.\  137.                           ^^^^H 

Stearic  witl,  7tt,  701. 

Subfltiluliun  of  (ooiliitufT»,  S3.                               ^^^^H 

Sitntriu,  79. 

of  (unclioiu  in  tlip  o|)(i«  tlLalamut,  (117.                ^^H 

Htrntar,  43. 

(if  tnirta  III  tiir  nird,  597.                                       ^^^^^H 

Siifvinio  acii).  31)7.                                                   ^^^^^H 

StcrMNWnpio  vmIdq,  A&S. 

Suckins.  V70.                                                             ^^^^H 

Su-rkoliiliK.  H9A,  383. 

SucliuEi  ill  limri,  177,325.                                     ^^^^| 

BLprnci-cli'iik>*aiaBUii(l  iniucle,  316. 

miiiilh,  37(1;  w  kUo  Siidbiaf.                      ^^^^^| 

Sthmir  ll)>ti^-)Cy  of  cvrfbolluni,  611. 

in  Ibnmrii?  ravity,  I7R.  235,  3ia                     ^^^^| 

<U»*i(4r  <>f  lintrt  anil,  170.                             ^^^^^| 

by  hvM,  'i^  ML 

pITtvl  i>r,  on  bliKxl  [jrwwurp,  320,  330,                  ^H 

by  liglit.  56,  ST.                                                ^, 

cffr'.-l  ul,  on  Sow  of  lytu|d],  34tf.                      ^^^^^H 

clirmirnt.  fiS. 

jn  v«itu.  22.>.                                                         ^^^^H 

dratricn],  A»,  60,  41& 

Sugar  in  binoil,  155,  374.                                       ^^^^^H 

general  Inwii  af,  420. 

in  towrlrw,  413.                                                           ^^^| 

iitrohmiijcnl,  Sfi. 

in  urine,  137,   I2R,  302,  363,  374,  375,  aH4;        ^| 

nt  imiBflc-  »n<l  ni"rv«?.  il'l. 

me  also  Oi^telet.                                                ^^| 

Stinikili.  ii)  KTurrul,  50, 

oriiciti  of,  23.                                                         ^^^^H 

iif  iiiUM-Ira  mill  iiLTV-m,  410. 

{DutluL-t  [>r  iWompoMitinn,  373,  374.                 ^^^^^| 

ul  ncrvr  ivlU,  .Sfil) 

priHliirliiifi  i>f,        livn*.  374.                                  ^^^^^^| 

m[>i<llv  rriwstcd,  42S. 

Mohni:  of,  a«  (al  or  ^lycofvu,  374.                  ^^^^^| 

■mil  mill  I'm  of,  .^72. 

Sutpiiawa.  373.                                                         ^^^H 

Hlitiiitl lis.  rlfert  t>t,  uo  iwrfoniuuice  of  muaclv. 

cUwteal.  373,  3fn.                                          ^^^H 

4;)5. 

SiilpJioryiinic  arid,  373.                                         ^^^^^| 

(ficctivr,  trom  niinimum  onward,  51. 

Sttlplioryanulr  of  pntaanum  la  aaliva.  345.               ^^| 

(|iioiitaUve  rolatiuru  of,  lo  waaMlana,  451. 

Sulpliur,  adtl.  373.                                                   ^^^^H 

()UMititBilii'>>  Mntiuoa  v1,  iu  MuoatJoita,  485. 

uf,  373.                                             ^^^^^H 

tlimliulil  vntuc  of.  456. 

^^^^1 

8biinM!h.  ahruirptiiin  in,  .lai. 

priilcid,  ML                                                      ^^^^^H 

■ntiwvptii:  ruiiclion  of,  31i2. 

urinr.  383.  3A4.                                               ^^^^| 

di{E#iitMin  ill,  3t)l. 

neniral,  373.                                                          ^^^^H 

pvttcuMiukii  of,  2K5. 

BulpliurrtMl  liydrusrn,  3U5.                                       ^^^^^H 

tnni-r\-ati<i»  <>(  iiiiiMulatiirt>  ol,  2H4,  Hg.  1 14. 

Suitunatlon  an  prop^ny  of  proiopbuon,  SI.             ^^| 

nu>v(fiupiiti  of.  383. 

Suiniiialion  in  LwntnU  nPrvniti.  Byatvui,  573.              ^^| 

prinriplm  •■  In  ilifpatibility  in,  2IU. 

in  mUMvlic  and  nrnvtw,  421).                                            ^^^ 

prufrrlivr'  fiiiirltuii  uf,  21W. 

8urviviuf(  oigaiu,  0.                                               ^^^^^H 

why  not  riinMt  ilwJtT  'J^. 

Swallowtng,  37D.                                                ^^^^| 

Stwma^lt  (LhiuIu,  ni>«-  iiaatrie  jitlula. 

iunarvnlJoo  of.  2SI.                                            ^^^^H 

HtiHiix'U  g]aiiiili>,  Mw  Oaatrit  gland*. 

aound*  of,  283.                                                     ^^^^| 

BUimip'of  <-Arliii1iytlrat«4,  124. 

Swallowing  rrllBK.  SHd.                                           ^^^^H 

i>f  fat.  l£t. 

Swral,  riill«ction  of,  in  inotabnli««M  rspmntpnt^,         ^^| 

vl  |ihiM|ili(>ru«,  \y2. 

^1 

<>f  ]>rul#i().  12<):  Kv  Rrlmtion  of  prnieid. 

«uin|H>iiion  and  (wupvrtiea  of,  SM.                         ^H 

KtmhisiD,  niuarulnr  in  th^  erye.  &!>&. 

rscri'inry  |inM«M  of,  306.                                           ^H 

8trv«uiiinit«  cif  |>rolo|>liL-4ti.  42. 

iiitrocvn  in,  fO.                                                           ^^^ 

Suvlctunn  movpnutnui,  uiflu(>iic«  at,  oa  blood- 

|tart  i>layrtl  tiy,  in  h»at  rrgulalton,  40S.         ^^^^H 

How.  22A. 

•liuuitity  uf.  i-wmnl,  306.  408.                       ^^^^^^ 

StiTMn*  of  TwJ  eorpuwrlps,  150. 

8wn>l  rmlrni,  3!M,  588.                                             ^^^^H 

gtrtxiiiihr,  3IH).  Tik.  »>. 

8w<-Ai  (Umtk.  MmnMliooB  of,  582,  nSS.               ^^^^H 

Sirydin'w,  cffecl  of,  on  iirr*om«  rj-vWri.  470, 

8«mi  Kliuiib,  305,                                                 ^^^^^^ 

574. 

iiiiwrvalinu  of,  380.                                                ^^^^^^^| 

Sublingual  glaada,  3S7  ;M)e  alaa  SaUvary  flat>d». 

8«wL  Unte,  4&L                                                    ^^^H 
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Symbiosis,  22. 
Sympathetic  fibers,  886. 

afferent,  689. 

comiection    of,     with    peripheral    guigUon 
ceUs,  582,  686,  Fig.  301. 

courw  of,  687. 

postganglionic,  687. 

preganglionic,  666. 

r^eneration  of,  689. 
Sympathetic  ganglia,  582. 

connections  of,  686,  Fig.  301. 

reflexes  through,  583. 
Sympathetic  nen-es,  685. 

accelerator,  of  heart,  191,  688. 

as  vasomotor  nervee,  231,  234,  68S,  688. 

of  intestine,  288. 

of  pancrean,  269. 

of  receptaculum  chyli,  349. 

of  salivary  glands,  258. 

of  sebaceous  glands,  394. 

of  stomach,  2S4,  Fig.  114. 

of  thoracic  duct,  349. 

of  urinary  bladder,  393. 
Sympathetic  vibration,  492;    aee    also    Reao- 

nancf. 
Synthesen  in  animals,  24;  aeo  aiao  AtmmUation. 

in  plants,  23. 

of  nonlinng  substances,  65. 

organic,  24. 
Syntonin,  74. 

S>-stem  of  organs  defined,  30. 
Systole,  auricular,  duration  of,  176. 

definition  of,  162. 

ventricular,  duration  of,  176. 

Tabes  dorsal  is,  472. 

Tactile  corpuscles,  468. 

Tactile  sen^e,  area  of,  in  cortex,  651,  652. 

Tail,  \'asomotor  nerves  for,  233. 

Talbot's  proposition,  539. 

Tambour,  receiving,  12,  Fig.  10, 

recording.  11.  Fig.  9. 
Tartaric  acid.  377. 
Tartronic  acid,  377. 
Ta-sce,  cortical  area  for,  653. 

definition  of,  451. 

effect  of  cocaine,  eucaine,  etc.,  on,  485. 

qualities  of.  4&i,  485. 

sense  of,  4S3. 
Taste  buds.  4S3. 
Taste  nerves.  4S4. 

reaction  time  to,  674. 
Taste  jone  on  tongue.  48.1.  Fig.  190. 
Tauriii.  253,  373. 
Totirocliolic  Hi-id.  253. 
Tcari,  layer  i>t'.  mi  conioa.  .i(t*. 
Tecto-spinal  tract  in  the  oirii.  .^{'3. 
Telenceplialori  or  eiiilbrain,  tUX).  601 ;    $ee  also 
C<rrbrum. 


Temperature,  actjon  of,  on  heart,  184,  Fig.  M. 
effect  of,  on  elimination  of  COt  and  water 

vapor,  397,  403. 
influence  of,  on  elementary  organisms,  28. 

on  metabolism,  114- 
of  birds,  398. 

of  cold-blooded  animals,  46. 
of  human  body,  398,  399. 
after  death,  401,  Fig.  149. 
cause  of  variations  in,  399. 
importance  of  clothes  in  preserving,  405. 
importance  of  thyroid  for,  361. 
in  fasting,  95. 
mode  of  recording,  398- 
normal  compared  with  COi  excretion,  4O0, 

Fig.  148. 
normal   diurnal    ^-ariations  of,   399,    Fig. 

147. 
normal  for  man,  396. 
regulation  of,  406. 
supranormal,  401. 
of  maounals,  398. 
constancy  of,  401. 
Temperature  ner^-es,  461. 
Temperature  seitsations,  458- 
Temperature  sense,  area  for,  in  eortex,  652. 

tnct  for,  in  cord,  597. 
Temperature  spots  or  pmnts  on  the  skin,  459. 
Fig.  182. 
topographical  distribution  of,  460,  Fig.  183- 
Temporal  convolutions,  639,  Fig.  289;  65^  655. 
Tendon  reflexes,  587. 
Tension  of  gas  in  liquid,  method  of,  335. 
Tension  of  gas  in  blood,  method  of,  341. 
Tension  of  muscle,  414,  437. 
Tension,  osmotic,  see  OtmtitU  prexntrr. 
Tensor  tympani  muscle,  497. 
Terminal  myeiogenetic  regions  of  cortei.  667. 
Testes,  692. 

extirpation  of,  357,  602. 
internal  secretion  of,  357. 
Testicular  extract,  357. 
Tetanus.  429.  Fig.  166:430,  Fig.  167:433. 
explanation  of,  430. 

number  of  stimuli  necessary  for,  429, 
of  red  and  white  muscles,  430,  Fig,  167. 
'         Hitter's,  421. 
I       seeondan>',  433. 
!       worlc  of  muscles  in,  439. 
Wundt's.  421. 
Tetra-oxyamino-caproic  acid,  374. 
Thalamencephalon.  600. 
Thalafgieola  nueleala,  18,  Fig.  15. 

mode  of  movement  of,  45- 
Theca  folliculi.  695. 
Thermo  ta.xv!i,  59. 
Thigmotaxts.  56. 

of  Fpermatoioa.  56,  697. 
,  Thigmotropism,  64, 
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TbJoalbumow!,  240. 

Touch,  definition  of,  4AL                                            ^^| 

Thio-tnnnjiniinti  ■cid,  70, 

md  orgaiio  of,  46S.                                                 ^^H 

Thi<i-inoDunuii>-propiaDJe  Mid,  70. 

acnwtioiM  of,  461.                                           ^^^^^ 

Thurwic  cHvity,  3H. 

Touch  reflex,  643a                                               ^^^^| 

LtnimrUuicf  uf  aucliattot,  forfUlii^luartilTT- 

Toxina,  40.                                                                  ^^^^| 

Miction  of,  176. 

IiIikmI.  156.                                                   ^^^^1 

Thorairic  duel,  tnu-ielm  ui'L  ni-rt'rs  til,  S49. 

Trwlu-a,                                                               ^^^H 

Ttiormele  typn  of  ET»|>inktion.  317,  3IR,  Kin.  13S, 

Traetn  in  vplnal  cord,  fl63  hmi,                     ^^^^H 

"ThrwJioliI  (liffprptKv."  456. 

TraiMJiwion,  207.                                                 ^^^^^H 

Ttimihrilil  valiii*  ttt  Hiimtilivi,  4>'Ut. 

TratiMniiwiun  of  Stimulus  rmt*  of,  in  oiuMilr,      ^H 

Throoibin.  1A8. 

^1 

Thrombogvn,  138. 

In  ner\-«n,  417.                                                ^^H 

Tliytnin.  70. 

ill  spinal  coril,  560.                                          ^^^^^H 

'Iliyroid  FsrtilaA",  .%02, 

Tranniibttinn,  207.                                                   ^^^^^H 

Tliyroid  cxlntri.  3JHt, 

Trrppe,  441.                                                         ^^^^H 

vfTrcU  of  IrfjitDicDt  vith.SW,  Fl«.  137;  36U, 

Triclkronuitic  color  syBlctn,  M5,  AM.              ^^^^H 

FIr.  I3S. 

TrimiHpid  viOt-c,  165.                                          ^^^^^H 

Thymjd  ffiuiti,  31W. 

TrigeniinN.!  or  trira«!Uil  luirvr,  D80.                     ^^^^^| 

bIniMl  nllpply  of.  240. 

M  iiprvo       itrnHI,  488.                                   ^^^^^| 

clinmiMtry  of,  3(12. 

■•  nirrvo  of  tiuile.  4tM.                                    ^^^^^H 

«st4rp«ii<in  or,  in  dogt,  US. 

infliwucv  of,  on  n«piratlou,  330.                  ^^^^^| 

in  iitaii,  3Ag. 

TriglyciTridni,  79,  701.                                        ^^^^^H 

in  mcHilH-y,  Ma. 

Trioxypiirin.  38S.                                                ^^^^^| 

\u*uAe>gy  of,  301. 

Trochlciar  nervp,  680.                                         ^^^^^| 

innprviilioii  of,  301. 

uuoleiH  of,                                                        ^^^^H 

iittrrnnl  v>vr<'tiii»  of,  3.^8  m^i. 

Trophic  nrntiT*  ia  ipitud  KaiigliK,  SA8.            ^^^^^| 

morpliol«|{icAl  rhatiniw  in,  361. 

Tmphir  rffrfrl.  drftmtion  of,  SO,                          ^^^^^H 

trwui  plum  tat  i  oil  of.  3AU. 

Trophic  infliiFnce  of  nnw  crtta,  fi60.                      ^^M 

Timlirr  i»f  •niinil.  miiiie  of,  4W. 

Trophic  influpnc«  through  motor  nervw,  63.        ^H 

Titii(%    (Srivniiinioliiiu   u(,    lu    piyioltv-yfajnical 

Trophie  ix-rvw,  009.                                              ^^| 

prnccjuuw,  B73. 

Tmphnhliuibi,  22.                                                      ^^^^^| 

Timo  rr«orclfni,  10. 

Tryprttn.  '2&2.                                                             ^^^^^H 

Time  slLniuli,  433. 

apti^n  luid,  3A8.                                             ^^^^^| 

TiJMU*-  prwtviJ.  134. 

Tryplophiui.  71.  72,  100,  340.                          ^^^^| 

Tour  .leAfm-*.,  WUS. 

Tubw  einnvitrn,  600.                                              ^^^^^H 

Tnnr,  (iinHunrnlal.  4&I. 

TuiuHg  fork  as  time  rtwordcr,  1<K                   ^^^^^M 

miutcBl,  48V. 

Turgor,  Xi.                                                    ^^^^B 

|>n>iliii?(><.)  by  miMoli?,  434. 

TurtlD,  pstirpation  of  nrvbrura  in,  631.                 ^^H 

ToNim,  ranilmuitiiin  of.  Ml. 

TwvnnhnuD,  or  diruocpbalo^,  600,  601,  617.          ^H 

Tonetir.  KrlEon  ol,  in  *wnllawing,  279. 

importAocp  of,  in  binii,  63i.                              ^H 

lMl«  Mrvn  of.  4W4.  Hf.  101. 

In  bony  Ibli,  619.                                        ^^^^H 

va«Dmot«r  nvrrot  uf,  33ft. 

in  doitfiah.  630.                                            ^^^^M 

Totiie  actlvhr  of  perpbnllum.  All. 

in  tmn,  62U.                                                ^^^^H 

Toiiir  rxcitaUon,  mlntr  of,  A8L 

lieard.  fiai.                                                   ^^^^H 

Tonus,  eftiu(<  of,  A81. 

in  rabbit.  625.                                        ^^^^H 

deltnlttun  uf,  S81. 

^^^^1 

danonitnitiuu  uf,  in  cnmi  ■<ri»U»d  muadai, 

Tympauio  cavity,  49A.  Fig.  197;  497-             ^^^H 

.■Ml. 

Tym|«u)i«  nwrabraBe,  494,  Fig.  196;  AOH,  406.      ^M 

Inhlhiilon  of,  by  atitnulatioD  of  cortex,  036, 

TyrMan,  71,  73,  340.  2S«,  378,  394.                          ^1 

ft40, 

^H 

of  blood  VMM-la,  233. 

iltm-red  raya.  636.                                            ^^^H 

Torp<d.i.  4S,  t'lg.  3(1. 

UlirM-viiiW  ray.4.  &36.                                       ^^^^H 

ToWl    luetAlH^tlsDi,   after  ioffcaliuD  uf  carbo* 

MimuUiUnc  efT<wt  of,  37.                               ^^^^^H 

liydriit<»,  100. 

Fnicdtular  otitBtuanu,  3,  16.                            ^^^^^| 

mltmr  Ingiwtinn  of  fat,  104. 

Vravil,  76.                                                            ^^^H 

after  intpwllnn  of  protmd,  103, 

I'rv-mia.  SAft.                                                      ^^^^^H 

in  fftctiDf.  iM. 

Trsntic  poiMMung.  3&7,                                    ^^^^^M 

in  gnwitut  ohildnui,  1 18. 

VmtM.  382.                                                               ^^H 

btfluvnoc  of  work  of  digwtion  on.  107. 

Ur«a.  amount  of,  in  urint>,  381.                               ^^H 
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t,'rea,  amount  of,  in  vsrioiu  organs,  382, 

an  product  of  metabalism,  89. 

crystals,  382,  Fir.  139. 

eliminatioa  of,  in  fasting,  101,  Fig.  43. 

in  blood,  155,  389. 

Ill  sweat,  SOA. 

sources  of,  370,  373. 

wliere  formed,  370  seq. 
Ureters,  391. 

muscular  contractions  of,  391. 
Urethra,  392. 
Uric  acid,  amount  of,  in  urine,  382. 

compoxition  of,  382. 

crystaU,  382,  Fig.  140;  383,  Rg.  HI. 

fate  of,  in  mammals,  373. 

in  blood,  155. 

microscopic  detection  of,  in  kidnej-,  388. 

production  of,  in  birds,  371. 

properties  of,  382. 

seat  of  destruction  of,  373. 

sources  of,  372. 
Urinary  bladder,  391. 

centers  for  control  of,  393. 

innervation  of,  392,  Fig.  145;  393. 
Urinary  tubules,  385,  Fig.  144. 
Urine,  amount  of,  excreted,  380. 

combustion  heat  value  of,  93. 

composition  of,  381. 

excretion  of,  384. 

filtration  theory,  387. 
secretion  theory,  38S. 

general  properties  of,  379. 

ratio  of  N:C  in,  90- 

retention  of,  393. 
Urine  indican,  379. 
UriTie  mucoid,  380. 
Urobilin,  295,  383. 
Urochrome,  383. 
Urotoxy,  381. 
Ut«rus,  696. 

contractions  of,  698,  Fig.  302;  699,  Fig.  303. 

growth  of,  in  prefrnancy,  698. 

innervation  of,  700. 

mcnijtnial  changes  in,  696. 

movements  of,  induced  in  various  ways,  700. 

pressure cur\-e  in,  inpBrturition,699,  Fig.303. 
Utilization  of  foodstuffs,  138. 

of  energy,  139. 

of  mixed  <liet,  139. 
Utnculus  of  internal  ear,  473. 

Vacuoles,  contractile,  22. 

in  plant  cellH,  21. 
Vagina,  innervation  of,  700. 
Vagus  nerve,  681. 
component!)  of,  681. 

influence  of,  on  blood  pressure,  204  seq. 
on  heart,  188,  190. 
on  intestinal  movements,  289. 


Vagus  nerve,  influence  of,  on  movements  of 
stomach,  284,  Fig.  114. 
on  respiration,  327. 

explanation  of,  329. 
on  secretion  of  pancreas,  269i 
of  stomach,  263. 
Vagus  pneumonia,  509. 
Valves,  atrio- ventricular,  165. 
closure  of,  166,  Fig.  54. 

semilunar,  160,  167,  171. 

venous,  225. 
Vampt/rella  epirogyrtr,  37,  Fig.  2S. 
Vasa  deferentia,  693,  694. 
Vascular  tonus,  232. 

adrenal  bodies  and,  366. 
Vasoconstrictor  nerves,  231,  596,  681,  686. 

connection  of,  with  ganglion  otitis,  582. 
Vasodilator  nerves,  234,  681,  685. 
Vasomotor  centers,  237. 

influence  of,  on  distribution  of  blood,  239. 

resistance  of,  to  asphyxiation,  573,  Fig.  257. 
Vasomotor  nerves,  231,  234,  688. 
Vasomotor  reflexes,  235. 
Vegetable  diet,  145. 
Vegetable  starches,  81. 
Vegetarianism,  145. 

Vegetative    functions,    conducting    p*thwaya 
for,  596. 

influence  of  cortex  on,  649. 
spinal  cord  on,  587. 
Veins,  blood  flow  in,  223. 

influence  of  position  of  body  on,  225,  226, 
Figs.  93.  94;  227. 

blood  pressure  in,  223. 

cubic  distention  of,  223,  Fig.  92. 

inner\'ation  of,  233. 

valves  of,  225. 
Veins  of  Thebeaius,  180,  181. 
Velocity  of  blood  in  arteries,  210,  Fig.  82. 

in  capillaries,  221. 

in  veins,  224. 
Velocity  of  current  in  tubes,  198,  199. 
Velocity  of  nerve  impulse,  417,  Fig.  155. 
Velocity  of  pulse  wave,  215. 
VeniE  eavie,  161,  162, 
Venomotor  iier^'Cs,  233. 
Venous  blood,  percentage  of  gases  in,  339. 

tension  of  gaiies  in,  341. 
Venous  ostia,  185. 
Venous  sinus,  automaticity  of,  183. 
Venous  valves,  225. 
Ventilation  of  the  lungs,  319. 
Ventricles,  Ifll. 

maximum  pressure  in,  170. 

negative  pressure  in,  177. 

structure  of,  163. 

work  of,  178. 
Ventricular  cavities,  casts  of,   in  rigor,    164, 
Fig.  53. 
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Tcntralaier^  ecrubellar  tcuui.  5ft3. 

Wagnpr'a  hammer,  431,  f'tg.  150.                                ^^M 

Vji«trip,  cfTcct   of,   on   munoulM'  oontnictiaii, 

Vi' uMvn^ii  degnivTti.tu>it,  5f)7.                                               ^^M 

<37.  Vif.  175, 

Waml-lll•HHk^<l    luuinaln,     46,    3»8,    405,    406,          ^| 

Vemiii'  of  coTvbclluni,  8U7. 

H 

fuucliuii  of.  (WO. 

n-ufiiim  of,  to  pxt«imal  Mnperatun,   114.           ^H 

Wrtiao,  ftii  efTi^t  vf  crrfVw-llnr  liinon*.  ttJS. 

Vr'alrr.  Hliwirpticilt  of.  3CI2.                                                   ^H 

Vmir«l  pirxiw,  3!K>,  FiR.  I4A;  343. 

n  cunsliluciit  uif  lu-inx  Mibxtaiicc^  3D.                       ^^M 

Vfwiniliir  glands.  GUI. 

dctrrmjnAtioD    u(,    in    itwUibotimi    «xpf>n>         ^H 

\'eBicul«r  noi.ie.  322. 

menta,  85  aeq.                                                  ^H 

Viwiljiilar  tirrvp,  480,  681. 

elinUaadwt  of,  throufth  vxpired  air,  80,  342.         ^M 

VffatihtiloMipintil  inwl  in  ronl,  .'iDS,  ASS. 

404-                                                                         ^M 

Viliriiiion  (f«>r|iiericy  of  lonp,  48B. 

thraiiKh  kidnevn,  SO.  379.                                     ^H 

Vibntion  UmltH  tot  orgRn  af  heuritic.  400. 

ihmiwtt  tikiii,  SO,  307,  404.                           ^^^^| 

TiVmi  Fat-i,  not  Uibmlv*  of,  23.  Fig.  18. 

rtNptirHNipiit  ill  fiuliiiiE,  05.                                   ^^^^^H 

ViHKin,  AdH-  iw  bIh]  A*yr. 

Wavi-  kngllu  of  viaihtr  lij(ht  r»y»,  53A.            ^^^^^H 

hmonilar.  Mt.  M2.  Vif.  342;  &b&. 

Wi-b«r'ii  theory  of  ilif  pulse.  213,  Fjg.  85.               ^H 

direct  mill  in<tirecl.  514. 

Wflxtr'n  taw,  4.5».                                                     ^^^H 

liini(»  of,  517,  518. 

Wi'irIiI,  rvtimalii-o  uf.  4A0.  -170.                            ^^^^H 

line  [jf,  .518. 

icniwrth  iri.  of  liuuivo  body,  707  »vq.                ^^^^^H 

ntomMmjiic,  5fi8. 

M-ii/<nil  ion         -171.                                                      ^^^^^^1 

Visual  MAlr.  AI8.  njc.  3)4;  ftAC,  &S7. 

Wliiic  mutt<^r  of  xpinal  corci.  5IU.                   ^^^^^| 

im)M>rULrK<«>  iif,  fur  (wrcopiiuu  of  (Ip|)lh,  3J6. 

Wliiti?  riLriii  coiiiFniinicanlrH,  A86,  AW.                ^^^^^^| 

Vifliial  arra  f<ir  fxnri  vixiou,  6S7. 

Will,  infliirrii.->>  nl,  iia  Hliinuluii,  570L                         ^^^^^^| 

Virtual  area  of  wirWu.  B.S5.  fi63. 

jKiwrr  ('f,  ovrr  pnin.  4(iti.                                  ^^^^H 

Vinunl  Kxut,  525;  uvv  uIho  (tplieal  on*. 

Windanr,  uviil.  of  vnr,  496.                                       ^^^^^| 

Visiunl  iMiiilurt  itiK  |i«thwajH,  A57. 

roiiiid,  iif  mr,  4B7.                                                   ^^^^^^| 

Vimi«l  puqilc-.  .W7.  -M). 

Witf^hS                                                              ^^^^1 

Viniul  notuftUdiw,   m  nfToeted  by  ey«  movtv- 

Wont  btindnMv,  U03,  RflU,                                ^^^^| 

niL-ntti,  553. 

Word  •lr>*fn>w,  Mi.                                                   ^^^H 

rlttUfniltuti  o(,  6fil>. 

Work,  amuuilaliou  ani),  63;  m*  alao  MtuetUai       ^H 

pruj<-c1  itiii  uf^  lo  rxtcniul  world,  S6S1. 

uwrit.                                                                              ^^1 

Vtaual  aubstuneuH.  54fl, 

4»Umal.  and  total  eurrgy.  113.                               ^H 

ViuO  oapiicUy  of  t)iv  lunc^,  320. 
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